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PREFACE

I In- outstanding lie cil lot an assessment ol tlic utiieni sidle ni oui knowledge o! luting fly contml was foiinally expressed at a 
meeting of the Advisory Committee on I'htoiuologn al Research to the Defence Research Hoard (ACTIO held ill June 1970 At this 
Mieuioie the Oonmiilee eonlroniod 'hen icons ..I u lcotice and reooeru/ed two major tasks ansinp Irom them the first was to 

luepaie a balanced program of lusic and applied resejtch in the field of medical entomology with emphasis on problems affecting the 
armed loues, and the second to assign piiontn s

At the following men ling in November of the same year the Committee commenced preparation by listing subject areas of 
pattieular concern to the l>c|>jittm-nl of National D cIc ir y  and assigned pilonnes evil Inn them. Ated control and the ptoleelion of 
individuals were recognized as the two main approaches to biting lly control, with (letter chemical agents and alternative methods 
comprising the main divisions ol the first, and repellents and fumjameni.il studies of the behaviour of biting flies being important 
components ot the second.

The mcaI step was to trv to determine where we stand ni respect to progress in all these areas, and it seemed most logical to ask 
litis ijucstnm of the people ssho ate doing the wuih. The Committee decided that this could tie clone most elfeclivcly and tapidly by 
means of a symposium, and the cofileicnce repotted in these Proceedings resulted directly from this decision.

I he objective laid down tor Ihc symposium was that it should pmvidc up to dale inhumation on the status of research on biting 
flies and recommend areas for research and development to which funds could most usefully be directed. The speakets were asked to 
define specific problems disruss new ideas and methods, and to emphasize thu4r which arc feasible now, and lo point out whore 
intensified research could hung others within teach.

While airangements for this meeting were in progaess its potential tango of influence was extended by a recommendation that the 
Department of Agriculture should assume responsibility for the coordination of research and control ot biting (lies in Canada. The 
additional function which the symposium could have in providing a background ol information tor program-planning by (J|)A was 
duly considered in the making of lecommeiidations. and in formulating the tcsolutions.

'Die artangoiMcnl of the symposium ptogram closely followed Ihc subject jic .is identified by ACUK in 1970. Aiea contint was 
considered with icspcct lo conventional and unconventional chemical methods and also with respect to biological control. The 
protccliun of individuals was considered under tlie headings of repellents and the Iwliaviour of hlood-fccding insects. I.jeli gioup of 
papers was followed by a two-part discussion period, chaired by a discussion leader. In the first a group of two or more invited 
discussants look part, each of whom had received prior notice of the contents of the papers The second section consisted of 
(|uestions and diwussion from the floor. These were extremely lively and useful periods and they arc reported in this volume 
following the papeis given on each of the (luce cbys. bach day ended with a summation of the dclibciatiuns given by one or two 
rapporteurs; these syntheses pvo  emphasis to the points most closely related to the objectives ol the symposium and arc repotted at 
Ihc end of each session,

At the conclusion uf the meetings an ad hoc umimittee consisting ot Ihc rapporteurs, two ineriiheis ot Ihc Symposium 
Committee a ml one observer, diew up a senes ol lesolulious which wen: presented to the meeting. These were discussed and 
modified in an open session and received overwhelming sup|Hjit, 78 being in favour, none against, and 5 abstained. Die Resolutions 
Cornmitlee was empowered In make minor modifications o f style, and the results of the exercise are included in this volume 
following the summary of the last section.

In his welcoming address the (‘resident of the University of ЛПк-rtu, Dr. Wyman, said that in his opinion Canada was going 
through a cult of technology and innovation, and that this must eventually suffer the same fate as the cult of education and basic 
research which prevailed in the 195fl*s and 19604. At present the hederal Government is spending enormous sums o f money on 
improvements in technology, but this cannot last (or it must Ik - ic.ili/cd that advancing technology is not an end in itself. The world's 
problems cannot Ik* solved without education and research, and we must hope for a rapid swing back m this direction if such matters 
do indeed follow a cyclical pattern

A study of the contents of these Proceeding* leaves no doubt of the need foi the allocation of additional funds to biting fly 
rcscaicli, and cleat indications arc given of the aieas where these could most profitably lie allocated. The preservation of 
environmental igiality was everyone's grave concern and we can only do out lies! to sec that this is communicated lo those who can 
translate the recommendations into action.

Anne Hudson 
Ottawa. 197 2.
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ENVIRONMENTAL QUALITY AND THE CONTROL OF BITING FLIES

Maurice W  Provost

Entomological Research Center 
Florida Dh man o f Health 

P. O. Box 5 '0  

Vero Beach, Florida 32960

“Man is one of the many competing species in the world’s inter
dependent fauna and his very existence is inextricably interwoven 
with that of the other animals in his environment.’’

A D. Pickett (1949, p. 67)

“Man himself must be legaided as merely an important biotic part of 
the environment. He lives or works within it and, while so doing, 
profoundly influences not only his immediate surroundings but also 
the cohabitant fauna.’’

G. C. Ullyett (1951, p. 460)

If I preface my remarks with quotations fmm two 
eminent Cuiadian entomologists, please don’t think 
I ’m trying to be ingratiating. These men expressed 
the gist o f  my talk, they did it almost a quarter 
century ago and while warning against the misuse of 
the new insecticides, and they happened to be 
Canadians at the time.

In seeking physical comfort Man reveals his 
animal nature and in wanting his life to have 
meaning he shows he’s kindred to the angels, if this 
quaint allusion is still permissible The duality may 
well be the essence of this symposium: animal man 
wants to control biting Hies but spiritual man also 
wants environmental quality, and reconciliation 
becomes the order of our day. Biting flies and their 
control arc a subject hardly in need of elementary 
description to this audience and they will receive 
expert attention in the next few days. But the

expression “environmental quality’’ begs a defini
tion. It is obvious that none will be found accept
able to all o f us here. Vet the attempt at a 
definition must lie made if we are to discourse at 
all. Quality can obviously be good or bad, but I ’m 
sure we all understand that wc arc here talking of 
maintaining an environment of high quality. I hope 
my effort to define such an environment is not too 
arrogant or too idiosyncratic.

An environment of high quality will first o f  all 
assuic the biological survival of man. Gross pollu
tion o f air, land, and water is posing a global threat 
to survival right now. Equally threatening is the 
rapid depletion of non-renewable resources which 
will be as critically needed by man generations 
hence as they arc now. And, finally, the biological 
survival of man will demand an environment con
taining lesser numbers of Man himself.
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In addition to assuring the survival of mankind, 
an environment of high quality will provide man 
with surroundings which arc adequate to his 
spiritual nature, by which I mean an esthetic.!Jly 
and culturally satisfying environment. Philosophers 
and historians o f art have disputed endlessly on the 
meaning of beauty, yet every man, learned or not, 
knows that beauty exists and that only man, among 
animals, can conceive it. It is a sort of instinct o f 
the mind loi the fitness of things, as essential as 
any uistincl of the body, lor without beauty in his 
environment man’s behaviur becomes bestial and ho 
no longer functions as Homo sapiens In much the 
same fashion, culture is an essential component o f 
man's environment, broadly conceived, culture is 
heritage, or the mementos o f one generation to 
another, Everyone knows that communication 
across the generations was the beginning and 
remains the sine qua non of civilization. So  
whatever is done to the environment should not 
erase the least o f the worthwhile monuments of the 
past.

One quality o f the environment which should he 
maintained at all costs is diversity, for in (he biota 
it promotes that biological stability without which 
chaos is forever imminent while in the landscape it 
satisfies man’s innate desire for interest, beauty, and 
peace of mind. The biosphere is diverse beyond 
cotnpiefension and it must remain so if any com
ponent uf it, including man, is to survive.

I. The Environmental Crisis

Everything has its environment, but in today's 
vernacular the environment is the biosphere. It is 
the surface of the earth conceived as a substrate for 
life or as a support system for a vast number of 
interacting and interdependent forms of life, in 
cluding man. This environment has changed im
mensely during the six billion years of its existence 
and considerably even during the one million years 
of man’s occupancy. But over short periods the 
planet’s surface has a certain degree of homeostasis. 
Because it also has resiliency, man has been able to 
modify it. In recent decades this modification has 
been catapulted into widespread destruction 
(Commoner, 1971; Caldwei', 1972), hence the en
vironmental crisis. Hence also next month’s United 
Nations Conference on the Human Environment, to 
be held in Stockholm. That conference will be a

fitting culmination for the three most significant 
decades ш the history of the human species.

One might characterize the last three decades m 
this manner The Turtles were the War Decade. In 
the first halt of that decade mankind waged war on 
itself. In the second half of the forties war was 
declared against man’s environment Nearly all 
elements of the present crisis began their major 
escalation in those late forties Ihc new technology 
was bom, the lamentable one which today holds 
the overdeveloped world in a death grip. This was 

the “sweeping tiansfoimatmn of piodutlive technol
ogy" whereby “technologies with immense impacts 
on the environment displaced less destructive ones ” 
(Commoner, 1971)

The fifties were the Sleeping Decade People 
were luxuiiating in suffocating complacency and 
blissful ignorance. The enviionment was detciiora- 

ting at a fearsome rate, but the gross national 
product was climbing every year so find had to be 
in his heaven and all had to be rigid with the woild. 
The few and well scattered voices dying ui the 
wilderness were diowned by the decibels of 
humming industry and economy. Consumerism and 
escapism ruled the day

The Sixties were the Waking Decade Although 
many had spoken before, (he voice first heard 
widely was that of Rachel Carson. Her 'Silent 
Spring” (1962) caused no less than a furore, and 
although it ushered in a virtual explosion of hooks 
about the suffering environment, the treatment 
accorded that first trumpet call is still (he fate of 
even the most recent books, The best-info^ned and 
least impassioned writers on the subject arc &i:l| 
called scare-mongers, doomsayers, disastei lobbyists 
and worse, -  usually, as David Brower (1971) 
points out “by those who profit from apathy and 
from postponement of the day of reckoning." Hut 
the cry was heard nevertheless ami by the end of 
the decade demonstrations, congresses, television 
.shows, and other means of expression joined a 
fabulous proliferation of books depicting the en
vironmental crisis, as cvciyonc culled it by then.

The Seventies have started with a truly global 
concern over the problem. New journals devoted to 
the environment and its problems arc sprouting all 
over the world. Hooks with more sophistication and
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belter documentation, and therefore more con
vincing, ate coming off flic presses it should not 
take many mote such books as Harry Commoner's 
“The Closing Circle" to convert even the most 
ordinary man on the street to the need for last and 
drastic action And no one has belter characterized 
the environmental crisis and its bclittlcrs than 
Lynton Caldwell 11972» in Ins excellent book just 

off the picss in Defense ol Earth “Under the 
slogans 'progress’, ‘development’, and ‘economic 
growth', the policymakers of modern times have 
proceeded to reshape the world wtth only the 
slightest regard fui the ultimate consequences ol 
their actions. And, when confronted by the evidence 
of damage to the lile-supporting base of modem 
society, a large and influential number reject the 
data as emotionally biased, exaggerated, 01 insig

nificant.”

The true meaning of next month's United 
Nations Conference on the Human Environment is 
that for the first time the global nature of the 
environmental crisis will tie universally recognized. 
Probably the two greatest elements of crisis (there 
arc many others) are pollution and depletion of 
natural resources. Consider the international com
plications in these two only. Not only are nations 
plundering each other’s natural resources but the 
ovetdeveloped countries are polluting the air, water 
and food of other countries as well as their own. 
The secretary-general of the conference, Mr. Maurice 
|;. Strong, predicted in an interview (1472) that 
“Environmental aggression will become a dominant 
factor in the affairs of nations."

U. Biting Elies and Environments

It is extiemcly appropriate that a discussion of 
environmental quality and the control of biting flies 
should take place in Canada. No other country, 
with the possible exception of the Soviet Union, 
presents such an environmental spectrum from the 
ultimate in metropolitan habitats to the most 
uninhabitable expanses of wilderness. No other 
country presents so dramatically the full span of 
human density, from urban masses to rural dis
persions and from frontier communities to outpost 
domiciles. And to complete the picture, for all these 
disparate environments and human densities there 
arc populations of biting flics much in need of 
control.

Both biting flies and environments can be classi
fied m an artificial manner and discussed individ
ually in partial vacuums, i.c. as though man did 
not exist Oui u h ic c iii with environmental цшШу, 
however, makes it dcai that the human element 
must enter the consideration. Modem geographers 
have done a beautiful job of integrating physio
graphy, ecology, and sociology; and no better 
example of this can be found than the Centennial 
conuncmorjirvc volume prepared by the Canadian 
Association of Geographers entitled “Canada; A  
Geographical Interpretation" (Warkentin, 196Я). This 
book very sensibly describes the country under 
seven regions: The Atlantic Region, Southern 
(Jucbcc, Southern Ontaiio. The I'rainc Region, The 
Canadian Cordillera, The Forest Frontier or 
Subarctic, and The Arctic Phytiographically and 
ecologically the first five regions can be conceived 
as extending southward into the United Slates, so it 
is not surprising that biologists in both countries 
have long studied the biting flics they contain and 
the annoyance problem they pose. The Subarctic 
and Arctic Regions, however, except for small 
montane oases, arc unique to Canada and Alaska in 
this hemisphere. Their biting flics wcie not studied 
very much before World War II Immediately after 
the war, the Defence Research Hoard, recognizing 
the fast-growing military value and economic exploi
tation of the far north, requested and supported 
extensive studies of northern biting flies and their 
control (Hocking, 1952; Twinn, 1952). It was early 
established that in the arctic, mosquitoes arc the 
major biting fly, with black flies producing much 
less annoyance. In the subarctic, however, 
mosquitoes are not only a tremendous annoyance 
but are joined by black Hies and tabanids in 
horrendous numbers.

For the purpose of our symposium, the en
vironment and its biting flies could be broken down 
further into natural habitats. This, especially for 
Canada, would be a book-sized task and would 
furthermore not subserve our purpose of talking 
about quality in the environment. Suffice it to say 
that every type of terrain. -  mountain, prairie, 
tundra, floodplain, etc. - has its own variety of 
surface waters and that each of these waters pro
duces certain kinds of mosquitoes. Also most 
flowing waters produce black (lies and nearly all 
wet soils produce horseflies and biting midges, the 
big and the small among biting flies.
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III. Encounters with Environmental Quality

Man encounters biting flies in a multitude of 
environments, He may share his house or his farm 
buildings with them, they may annoy hini as he goes 
about his work in fields or woods, they may frustrate 
his every cllort at outdoor recreation I'here are still 
many parts of the world where at certain times of the 
year biting (lies make life for man unbearable without 
protection, it not impossible This is the case in the 
aiclic and subarctic of Canada (Defence Research 
Board, 1965; Hocking, 1952), and below, in the 
boreal forest However, the biggest global impact of 
biting flics on man lias been, of course, in the 
dissemination of disease; and foi this purpose it is not 
necessary that the bite lie annoying. Although dis
eases vectored by biting flies have never been very 
consequential in Canada, the country has nevertheless 
supported excellent researches in medical and veteri
nary entomology. Biting flies in Canada are over
whelmingly an annoyance problem. And if we arc 
now to target in on the matter of Iww the control of 
these pests impinges on environmental quality, we 
could do it best by following man in his activities and 
the annoyances he is encountering and combating.

Home Environment

Quality in a home environment is a pretty personal 
matter and not likely to be affected hy controlling 
biting flics unless the flower vases hold water and 
breed Acdes aegypti, -  which wouldn’t happen in 
Canada.

Residual spraying the interior of homes, whether 
it's to eliminate disease-carrying insects or just plain 
pests, can’t do anything but improve the quality of a 
home environment. M y most vivid memories of 
malaria-control days in Florida arc of the morning- 
aftei inspections of so many of the humble shacks we 
sprayed with DDT. The poor housewife often enough 
would come to me with tears of joy and show me a 
basketful of dead bedbugs, roaches, and other vermin, 
and she would exclaim that her family had spent the 
first night of their lives without annoyance from 
biting or creeping things. I ’m sure these sentiments 
arc no different than those of millions of people 
throughout the tropics who have experienced residual 
spraying of their homes for the control of malaria, 
leishmaniasis, Chagas’ disease, or other vector-borne 
illnesses. I sincerely hope that those who would

restrain the use of D D T  will remember that, used in 
this manner, this insecticide not only is harmless 
ecologically but it actually enhances environmental 
quality no matter how construed.

Premise Environment

The immediate surroundings of a home can he 
anything fioin gardens and patios to barnyards or the 
remains of the wild bush. If not properly maintained 
they can readily enough produce biting annoyances. 
Domestic mosquitoes, Cutex pipiens, come to mind 
first. Any standing water, no matter how polluted, 
will breed these. Control is achieved by simply 
eliminating such waters, or if not permissible, screen
ing them.

In the tropics other mosquitoes, including malaria 
vectors, may be primarily premise-breeding problems 
Indeed, the great majority of disease vectors live and 
breed in very close association with man’s domiciles. 
Being domesticated or semi-domesticated, those bit
ing flics which originate on home premises arc usually 
controlled through good sanitation alone, -  an 
unfailing way to improve environmental quality.

Uiban Environment

Although city-dwellers may be bitten by mosqui
toes and other biting flics flying in from long 
distances, as is the case right here in Edmonton, more 
often than not the biting annoyances arc produced 
right there in the city. Superimposed on possible 
production on private premises, biting flics may arise 
from a number of public facilities, usually lor 
drainage or sanitation. Qtlex pipiens is usually the 
culprit, which is why a sanitary' engineer may be in 
charge of abatement as often as an entomologist. 
Open ditches, park lakes and pools, and other such 
public waters may produce many oilier kinds of 
biting flies, and in nearly all cases keeping these 
waters clean will prevent breeding. This should be a 
matter of civic pride.

Rural Environment

Millions of urbanites in the overdeveloped coun
tries live under the illusion that they are completely 
emancipated from Nature. By contrast, rural peoples 
traditionally and in reality feel closer to Nature. 
Virtually throughout the world they are annoyed by 
biting flies, and they generally know where these
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arise. Manipulating suit and water is at the heart of 
(arming, su whether it’s rice paddies in Indo China or 
iriigated alfalfa here in Alberta whoever farms is in a 
position to create many biting-fly problems unknow
ingly and certainly unwillingly. We arc now Mlktng 
about more than mosquitoes. Ditches can produce 
black (lies in abondance un 11 if Canadian plaine, fui 
instance, and wet or soggy pastures, or parts thereof, 

can produce tahaiiids and ceratopogonids, i.e horse
flies and biting midges.

In almost every ease where investigations have 
come up with a solution to a biting-fly breeding 
situation on farmlands or ranclilands, that solution 
has been a general improvement in agronomy or range 
management. There ate tlieiefore seveial inducements 
to farming 01 lunching without producing biting flies. 
If, however, the breeding problem cannot be resolved 
culturally or cngineeringly, then those methods to be 

discussed for the wild environment must he resorted 
to.

Wild Environment

Throughout the world and most especially in 
Canada the great biting fly annoyances arc produced 
on the land at large and their control must be a 
community 01 governmental effort. The tidelands of 
the maritime provinces produce mosquito and taba- 
nid swarms while the country’s Pacific salt marshes 
yield mosquitoes and biting midges. River plains 
produce hordes of mosquitoes after freshets, while 
the streams themselves, even to the smallest rivulets, 
produce black flies. Forests, from border to tundra, 
produce flood-water mosquitoes in their temporary 
pools, which are legion. The tundra is notorious for 
its snow-melt mosquitoes. Unsettled mountains, 
plains or prairies all produce an abundance of biting 
(lies to greet the worker nr vacationer.

Everyone knows that water is just about every
where in Canada in the warmer months. How much 
surface water and muskeg is there in the million and a 
half square miles of taiga and tundra on the Shield 
and around its edges? This water serves a purpose irt 
Nature’s economy. Yet this is the water which 
produces all those mosquitoes, moose flics, deer flies, 
no-see-umx, etc. and none o f it could be drained 
without great environmental damage, -  even were it 
possible. Therefore what is usually called source 
reduction or “permanent control’’ is an impossibility 
for the biting flies on Canada’s wild terrain. This 
leaves temporary control, which is the use of insecti

cides, as the only possibility of relief, excluding 
personal protection.

Stalling with DDT, organic insecticides have run 
the gamut from boon to mankind to pollution of the 
earth. There is a reason for this and it is tragic. 
Possessed of a miraculous too! in D D T  and disregard
ing numerous warnings, men proceeded to use it 
recklessly, killing pests and their natural enemies 
together, and generally ignoring the biosphere and 
man's place in it. Nature responded by counterbalanc
ing unilateral chemical programs with the enormous 
lltncss of insects, -  they became resistant to the 
chemicals. Insect damage to food, Fiber, and forest 
products today is not a bit less than it was before the 
advent of DDT, -  wc have nothing to show for 
having polluted the earth and its oceans. And the 
control of biting Hies with D D T  and its descendants 
was not blameless either. One could enumerate 
program after program against biting flies which was 
ill-advised, self-defeating in the long run, and damag
ing to the environment, lint this would serve no 
purpose at this time. Rather we need to give positive 
attention to out use of insecticides against biting flies.

In Canada’s arctic and subarctic regions, particu
larly, but also elsewhere, there arc innumerable 
frontier sctttlements and outposts, not to mention 
military facilities, where, without equivocation, man 
simply must be protected against biting flics. Personal 
protection methods are enormously improved over 
what they were before World War II, but it is the 
opinion of most experts that more is needed, and this 
more has to be larviciding and space spraying of 
adults. Fortunately there have appeared lately sonic 
candidate insecticides which appear to be very inno
cuous against non-target forms of life at dosages 
effective against biting flics, particularly mosquitoes 
and black flics. Every effort should be made to 
promote both research and use of these, while 
looking for more and better pesticides.

No environment places Man within the biosphere 
so unquestioningly as the wilderness. This is so not 
only in the sense of satisfying esthetic cravings but in 
a very real, physical sense. I can think of no belter 
way for a mart to become corporcallv united to the 
biosphere than to have his blood scattered over the 
landscape in die form of eggs from a thousand flics. 
And Man can really feel his affinity to the moose and 
the caribou when he is pursued and attacked by 
swarms of mosquitoes, black flies, and labanids.
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IV. Conclusion

One hears a lot about revolution at y new methods 
of pest control since insecticides have fallen into so 
much disrepute in many quarters. Biological control 
itself is not new, especially the use of predators and 
parasites, but the deliberate propagation of insect 
diseases is quite recent The possibilities residing in 
growth hormone simulators are receiving considerable 
attention. Genetic control methods offer probably 
the most environmentally considerate methodology. 
However, all these new methods have one thing in 
common. They will require for successful use, or even 
development, a far more sophisticated knowledge of 
the biting flics than we have now, especially in the 
areas of behavior and ecology.

Speaking of ecology brings to mind Aldo U*opold 
pleading for men to love and respect the land In a 
widely distributed essay (originally speech), Ian 
Mcllarg ( I *>71 ) made this statement about the United 
States: “Two hundred million people who don’t 
know enough to insure our survival, and probably 
only 200 ecologists who know that which everybody 
should know.” But Leopold, himself an excellent 
ecologist, had this to say many years ago ( 1949) to 
those who see salvation coming only from profes
sional ecologists: “ Let no man jump to the conclu
sion that Babbitt must take his Ph.D. in ecology 
before he can ‘see’ his country. On the contrary, the 
Pli.I), may become as callous as an undertaker to the 
mysteries at which he officiates." Indeed, the concept 
of the biosphere, which is the key to understanding 
man’s place on earth, originated with the French 
naturalist Jean Baptiste Lamarck, the word was first 
used by the Austrian geologist Edward Swess, was 
developed into its present usage by the Russian 
mineralogist V. I. Vernadsky, and was popularized by 
the French priest and paleontologist Pierre Teilhard 
de Chardin (cf. Caldwell, 1972). I mention this not to 
detract from ecology but rather to emphasize that the 
science of the environment cannot overcome the 
present crisis, -  only the ethics of the environment 
can help now, and they arc social and political.

However much Man is bound to the biosphere, the 
biosphere is too distant a concept for the average 
person to empathize with. “Love thy neighbor" 
reaches how far? Across the seas to the alien 
Chinese? Where is the evidence? Across the ages to 
our children of a thousand years from now? Who can

believe it? Aldo Leopold (opus cil. ) pleaded elo
quently for a land ethic based on love. From “love 
thy neighbor,” in effect, we must go on to “love thy 
land "  But 25 years later people still have not learned 
to love the land. And now things have reached a state 
where wc clear ly need an Harth ethic “ Love thy 
planet ” But as long as tilings and land and Earth arc 
all equally treated as simply commodities, there is 
little hope for their respectful and loving care. If  we 
find it hard to love our unseen brethren across the 
globe or across the ages, how can we love the million 
times more remote forms of life, many invisible to 
the naked eye. which together with us form the 
biosphete? How many Teilhard de Chardins can 
there be among our Vh billion?

A few years ago, I was so irritated by insinuations 
in the liberal press that environmental concern was 
just a preoccupation of the affluent that I wrote 
strong letters to the editors of several journals 
reminding them that the impending ecological disas
ters would hurt or kill the poor as well as the rich. 
One typical article entitled Pollution and the Poor: 
The Coalition of the Clean ended on this note 
(Barthelmes, 1970): “ it is hoped that the human 
spirit will be cleansed, -  after that, the air and 
water." If a supposedly learned man can think in this 
way, what can wc expect of the multitude? Ray
mond Dassman (1968) gave the frightening answer: 
“You cannot talk of nature to somebody who has 
seen it only in a city dump . . . .  When the millions in 
Calcutta cry out to preserve the wild Himalayas, 
when Harlem votes to preserve the grizzly bear, the 
battle for the human environment will be won."

The rational in me tells me this may well be so, 
and it also tells me that if it is we are doomed to early 
extinction. But someone said a grandfather can’t be a 
pessimist, so I try not to be one. I prefer to believe 
that the battle for the human environment will be 
won if only those privileged to fight it do each their 
part, be it large or small. In the light of the world’s 
plight, ours here is not really a staggering demand. In 
doing a very humane thing, protecting people from 
die torture of biting flies, certainly wc can do it in a 
manner also humanitarian, -  by preserving environ
mental quality as much as wc can. I say humanitarian 
because, as Caldwell (opus cil.) has so well put it: 
“Cynics rightly say that the world could struggle 
along without the pelican or the whooping crane; 
they do not often note that it could as easily do 
without man.”
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And, finally, as for being optimistic in rather 

somber circumstances I feel very much as the man 
who wrote (Ross, 1971): “Doomwatchers we have 
now aplenty, all the way from the Massachusetts

Institute of Technology and the World liank to (lie 
front pages of the popular press; Doomchallengcrs are 
much, much thinner on the ground." So let’s all be 
doomchallcngcis.
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ENVIRONMENTAL QUALITY AND BITING FLY CONTROL: 
PROBLEMS AND POSSIBILITIES

Brian Mocking

Department o f  Entomology 
University o f Alberta 
Edmonton, Alberta

There are terms in my title which arc open to 
various interpretations. I propose therefore to give 
you my definitions of them. Many would equate 
environmental quality with clean air, clean water, and 
clean soil, which is a good starting point. But how 
clean? Clean enough for you and me? Or dean 
enough for a multiplicity of plant and animal species? 
I think the latter, and not merely for sentimental or 
even aesthetic reasons, but from hard-nosed, practical 
considerations. For over a century of practical pest- 
control experience reinforces the evidence from both 
population theory and ecological research and 
experiment to the same end, namely that diversity 
spells stability. Stable populations raise no problems; 
save perhaps, of people, for conservative economists. 
What is good enough for us may not be good enough 
for our food chains. It is important to distinguish 
between standard of living, which is related to gross 
national product, dimensions of television screens, 
and numbers and horsepower of automobiles, and 
quality of life, which is indefinable but related to 
environmental quality as I have defined it. Beecario’s 
dictum: “the greatest good of the greatest number” is 
meaningful today only if we are speaking of numbers 
of species, not of people. Is this standard of en
vironmental quality compatible with the control of 
biting flies? I hope to show that it can be, although 1 
have been instructed to confront the possibility that 1 
am wrong.

None of the insects we are concerned with arc, 
technically biting Hies: no adult flics, certainly not 
the horseflies, blackflics, or mosquitoes, have what 
entomologists call biting mouthparts. But it is a

hopeful sign that we have seen fit to use this term in 
our title, for the layman sure as hell gets bitten by 
them. And one of the problems I shall refer to 
concerns communication with the layman.

The meaning of control is unequivocal to the 
layman. It is sad that among entomologists, for some 
30 years, it has often been hard to discriminate 
between the words “control” and “kill". There arc 
hopeful signs of change, that is, of a return to say pre 
1940 usage. When 1 first studied applied entomology, 
well before 1940, believe it or not, I was taught to 
control not insects, but outbreaks, and to control 
them by discovering and undermining their causes. 
Insecticides were billed as a first aid measure only, to 
keep the customer quiet while an entomologist got to 
work on the underlying causes. We were warned by 
our mentors against condoning the continuing use of 
a poison. When our layman kills the motor in the car 
he drives he does not consider that he is controlling 
it. It is in the layman’s sense, again I think 
appropriately, that I shall interpret the word ‘control’ 
in our title.

Problems

During the winter of 1946-47, Alec Jones, a textile 
technologist on the staff of the D RB  in Ottawa, with 
whom I had previously worked in India, stirred up 
interest in the biting fly problem at Churchill, 
Manitoba. In 1947 -  a summer to remember -  with a 
contingent from the east, another of Americans, and 
a flying visit of a group from Sufficld, Alherta, we 
came up with successful recommendations for the
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first aid control of, at least, mosquitoes and blackllies 
which, with minor changes, have been followed at 
northern bases ever since (Defence Research Hoard, 
Symposium, December 15-17, 1948). I’cthaps they 
wete too successful, for we had no sooner got our 
teeth well into the underlying causes, with a 
laboratory and a field station established at Churchill, 
facilities at Goose Hay in Labrador and Whitehorse in 
the Yukon, and mobile parties elsewhere in the north, 
when funds began to dry up. The laboratory at 
Churchill, and even that at Sufficld were closed 
down. Most of us were doing this work on a part-time 
basis and had full-time jobs elsewhere. We protested 
but doubtless less vehemently than had our 
livelihoods depended on it. The appointment of 
several full-time entomologists to advise the armed 
forces on current practices and new developments 
was urged; one such appointment was made, in the 
Surgeon-General’s office, to provide training for 
service personnel and continuing supervision of the 
biting fly and all other insect control operations, in 
all branches of the armed forces. Research dwindled 
to minor part-time projects at Universities, with 
initiative resting largely with University teachers, 
through an advisory committee. It can only be 
supposed that those in authority thought the 
problems were all solved, certainly the attempts of 
those who knew otherwise to disillusion them failed.

To get down to specific examples: firstly in the 
realm of personal protection. In 1948 a number of 
insect-proof suits -• empirical prototypes designed by 
Jones -  were tested in the field at Churchill; reports 
were written on their good and bad features. Other 
ideas on protective clothing came out of the reports 
and from elsewhere; in 1952 (Hocking, 1952aj for 
example I extended some work of Davies (1951 ) and 
discovered that among several tested, air force blue 
was by far the most attractive fabric to blackllies; 
two and a half times as attractive as khaki drill. Since 
die attractiveness of this fabric to blackfiics rests 
largely on its ultra-violet reflectance, it can be 
changed without upsetting the colour sensitivities of 
the Royal Canadian A ir Force. The air force still 
complains about blackflies, and Canadian forces still 
have no protective clothing designed for northern 
fly-time.

At a Defence Research Board Symposium in 1948, 
Kingscotc reported a solid preliminary study on oral 
administration of biting fly repellents. While his 
results were mostly negative his report ended on a

hopeful note, but this subject too was allowed to 
drop until 1962 when the Surgeon-General’s branch 
of the U.S. Atmy rc-opcned it and wisely channelled 
part of the available funds into more basic aspects of 
this problem. It has been our pleasure and privilege at 
the University of Alberta to be involved in this work.

In 1956 a large scale experiment with air dispersal 
of D DT  impregnated bentonite granules against 
mosquito larvae was conducted at Naruao, northeast 
of Edmonton. DRU, KCAF, the University of Alberta 
and the City of Edmonton co-opcratcd -- a hopeful 
sign. Tins showed that satisfactory mortality could be 
obtained with onc-tcnth of the amount of D D T  per 
acre required for application in oil solution. This 
technique was adopted in the same year by the City 
of Edmonton in its mosquito control operations, but 
I believe has not been generally adopted elsewhere 
and certainly not by the Canadian armed forces. If it 
had been, perhaps the useful life of D D T  would have 
been extended tenfold.

Last year we had an unusual population of 
blackflies in the SW quarter of the city of Edmonton 
in the spring and many children required hospital 
treatment for their bites. This spring medical 
practitioners are urging improved mosquito control 
saying “many people don’t appreciate the,disease and 
allergy problems resulting from such pests”. Clearly, 
medical practitioners must be included among these 
“many people”; but equally clearly it is our fault as 
much as theirs.

A year ago a sub-committee of the Defence 
Research Board Advisory Committee on 
Entomological Research made a convincing case for 
the appointment of several additional full-time staff 
with entomological qualifications to work with 
branches of the armed forces and assist in ensuring 
the prompt and coherent application o f the results of 
research, to their immediate benefit. Shortly there
after, despite representation from the advisory 
committee, the one existing appointment was 
terminated.

The need for development of new aerial 
application techniques -  one of the possible routes to 
greater specificity -  has long been apparent; yet 
experimental aircraft have not been forthcoming.

All of these problems seem to me to have at least 
(wo causal elements in common. Firstly our
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knowledge ol entomology. as well as (hat of some 

related disciplines, is clearly inadequate to the task 
be foie us. But even dearer is the problem of 
communication, our own ignorance as entomologists 
is shameful enough, but that greater ignorance in 
which vve have left so many people, both the general 
public who ultimately pay the hills and especially the 
many many people who find themselves, olten 
against their better judgement, doing entomological 
jobs, presents I think, a more pressing problem.

We must communicate -  for our own salvation -  
widely and deeply, in words of two syllables, one 
syllable, and on occasion four letters. The current 
anti-education wave makes this no easier, but perhaps 
we have brought this upon ourselves. We as 
entomologists cannot do this alone -  we arc too few 
in the rising tide of people -  but wc must get chain 
reactions 01 pyramid selling, or whatever the phrase 
of the moment may be, to help u.v I see more and 
better biology in the schools and more and better 
entomology in biology as primary' targets. The 

privilege of learning carries with it a responsibility to 
teach: and not merely a conveniently small class in an 
ivory tower. The governing body of the 
Untomological Society of Canada has a pruposal 
before it which is a step in the right direction. We 
hope some more steps will be proposed at our second 
symposium on Friday.

Possibilities

There are two possible approaches to biting fly 
control, the fly population reduction approach by 
biocides or biologically, and the personal protection 
approach. The former is already capable, locally and 
in the short tun, of meeting most people’s standards 
of biting-fly contiol and perhaps -  in a much shorter 
nin however -  many people’s standards of en
vironmental quality. But in my view, extensive 
long-term control with the standard of environmental 
quality which I have set forth is generations away. 
The latter, personal protection, as yet the subject of a 
rather small volume of rather inexpensive empirical 
research, already meets my personal standards of 
control fthough admittedly it falls far short for many 
other people) and is virtually free of environmental 
threat.

Let us examine the possibility of population 
reduction.

Over the greater part of the land area of the earth 
one or several of the main groups of biting flies are to 
be found abundantly tepresented in terms of species 
and of individuals, and ubiquitously disposed. The 
great majority of them arc dependent on two lluids, 
the nectar of flowering plants and the blood of 
vertebrates. These essential links with the two major 
groups ot organisms of direct interest to man must 
surely mean that the extensive removal of biting flies 
- even if it were possible and however it might be 
accomplished -  would of itself have far teaching 
effects which as yet we can only guess at. Truly 
extensive removal is being talked of; in Alberta a 
“province-wide (mosquito) control program" -  some 
quartet of a million square miles. Of course there aie 
good arguments for large scale operations, notably 
the remarkable "flight" range of many species; the 
record for mosquitoes stood for many years at 1)0 
miles -  at sea off Cape llattcras (Curry, in Matheson, 
1944) but Asahina and Turuoka (1968) have recently 
extended this to 310 miles (500 km) in the Pacific.

What insecticides would be used in such a project? 
Nothing presently available has the desirable bio
chemical specificity; few effective compounds 
degrade at a desirable rate, to known innocuous 
products. Hormones -  “juvenoids" and their allies -  
are in view but their specificity and safety are 
questionable and they have a remarkable backfire 
potential. Perhaps all we can hope for is specificity of 
application techniques -  probably part of the 
explanation of the success of bentonite granules. In 
this, of course, aircraft represent a backward step in 
relation to ground application -  until we can 
recognize larvae from a helicopter. Further progress 
demands a better understanding of feeding behaviour 
and ingestion (Chance, 1970;Fucat, 1965).

It is wort!) noting that our predatory chaoborine 
larvae are more susceptible to many of our 
insecticides than the larvae of the pest species they 
prey on; even an insecticide that is family specific 
would thus have a significant mark against it. 
Industry gives us terrifying figures on the cost of 
developing a new insecticide and indicates that 
specific compounds to control specific insects cannot 
be an economic proposition. All things considered the 
technology which would allow insecticidal control of 
biting flies as extensively as is contemplated, along 
with maintenance of environmental quality, seems 
too far in the future to make guessing, at either a date 
or a cost, worthwhile.
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What about biological, in the bioad sense, in
cluding genetic control'.' Some hopeful approaches 
will doubllcss be mentioned by later speakers in this 
symposium but 1 doubt whether anybody will be 
so bold as to put a date on the successful use of any 
of these methods for extensive control in northern 
Canada. It is perhaps necessary to mention that 
biological methods of control can have no less 
disastrous effects on the environment than chemical 
methods, although this i.s much less likely to happen.

There remains o f course the integrated approach. 
Some of the problems in this may be illustrated by 
the story of the purple martin, frogne subis. Some 
years ago an enterprising American manufacturer of 
bird nesting boxes advertised widely, if unwisely, the 
value of these birds in mosquito control. They arc a 
valuable component of the environment in their own 
rigid and there has been a phenomenal increase in 
nesting boxes in Edmonton as in many other cities. 
Occupancy is high but reproductive success is low, 
nestlings usually dying during inclement weather, it 
seems from a shortage of food (Boag, 1972; Lister, 
1972). Two independent bits of evidence reinforce 
each other to show that death is not due, however, to 
a shortage of mosquitoes. Firstly, these insects have 
been peculiarly abundant during the last few years in 
Edmonton. Secondly, studies at Elk Island National 
Park have shown that mosquitoes, though also 
abundant there, do not contribute materially to the 
diet of purple martin nestlings (Spice, 1972). Two 
other insects of aquatic origin however do: dragon
flies and the dronefly Eristalis tcnax\ their popu
lations must be reduced by mosquito larval control 
with insecticides, and dragonflies are of moderate 
importance as predators on adult mosquitoes in this 
area (Pritchard 1963).

If we really want extensive population reduction 
of the three major groups of biting flies it will 
certainly take many years to achieve. It will take 
money as well as time: laboratories at strategic 
locations in the north; many full time permanent 
research staff with appropriate facilities, equipment 
and supporting staff for continuous biological and 
chemical monitoring; well qualified extension biolo
gists to ensure that civilian and military operations 
conform to specifications. It cannot be done with a 
handful of part-time help.

What are the possibilities of success through the 
personal protection approach? Most of the items

used to protect man and other animals front biting 
(lies have enme into use through testing of existing 
items, usually developed for other purposes. This is 
tnie of nearly all skin and clothing repellents, 
developed for various purposes, of fabrics and 
clothing made from them, developed for wind proof
ness; of fly-proof buildings lor shelter or for ad
vertising (Hoiking, I960), ol nets and .scieening for 
fishing, beekeeping etc.; even of the familiar yellow 
lamps, supposedly insect repellent. Despite the fact 
that the basic knowledge of rpcctial sensitivity of the 
eyes of both man and insects was available, so that 
any sensory physiologist could have designed such a 
lamp, lamp manufacturers developed them by tedious 
empirical testing. This, and the fact that the still more 
familiar window screening is still almost invariably 
woven and installed the wrong way up (with the long 
axis of the mesh the same way up as the long axis of a 
mosquito in normal resting attitude) is further evi
dence of the communication problem.

How much better could we do if, firstly, we had a 
full understanding of the sensory physiology and 
behaviour -  especially the blond feeding behaviour -  
of all groups of biting flics, and, secondly, if we went 
to work on a program of redesign and scientific 
testing of all of these items based on this under
standing. Anybody who professes faith in science, 
must assuredly answer: one hell of a lot better! Such 
a program too would cost time and money, but of a 
different order of magnitude to the costs for a 
program to reduce populations. I would even hazard a 
guess that after ten years work by two closely 
collaboiating establishments, one on the physiology 
and behaviour and the other on the design and testing 
of products, we would have a collection o f items that 
would keep almost everybody happy in the most 
severe fly-conditions that northern Canada -  or any 
other place — has to offer. Again, of course, full-time 
staff would be needed.

There are a few special points worth mentioning: 
distance piece clothing has not been widely used, 
perhaps because it is cumbersome. Modern tech
nology would allow the incorporation of the distance 
piece principle into a single lighter, more convenient 
fabric. Although the lengths of the proboscides of 
most mosquitoes arc in the taxonomic literature, 
nobody, I believe, has studied the relationship be
tween these lengths, and the effective reaches of 
mosquitoes through fabrics.
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The reluctance of people who contentedly spray 
lethal chemicals over their immediate environment to 
rub a little of art innocuous repellent chemical over 
their own skins is strange and might be worthy of the 
attention of a psychologist. I listed other aspects of 
personal protection needing attention in 1952 and 
they still need attention, though some further work 
has been done on screening (Hocking, 1968).

What of the influence of such a piograrn on the 
environment? Resistance to controls of this type is 
far less likely to develop than to insecticides, because 
of their many facets; they would seem likely to select 
for zoophilie habits so that researchers in this area 
would do well to bear in inind the possible need for 
livestock as well as personal protection. They could 
reduce populations. The possibility of protection of 
modest areas by spraying repellents on surrounding 
vegetation has been discussed from time to time but 
little work has been done on it; tin's possibility should 
he borne in mind in the development of new 
materials. The methods in general arc virtually free of 
necessary environmental hazard. I believe that in this 
way, and perhaps only in this way, we can control 
biting flics and keep air, water, and soil clean enough 
for a multiplicity of plant and animat species.

Van Handel (1962) lias drawn attention to the fact 
that tire increase in coronary thrombosis as a cause of 
death in North America, and perhaps elsewhere, has 
taken place at the same time as increasing attempts at 
the control of biting flies. Me suggests that the bites

of flies may, by anticoagulants donated in exchange 
for the blood taken, have protected us from this 
disease. Since one of North America's malaria mos
quitoes is singularly generous with this enzyme 
((inoding, 1972), we have perhaps merely exchanged 
malaria for coronary thrombosis, a rather indifferent 
bargain! Whether or not this can be substantiated, it 
is a comforting thought to take with you into the 
hush this summer.

In Canada then, the collective mouths o f better 
than a hundred and twenty species of blood-sucking 
dies rarely deliver, in payment for the blood they 
take, anything more than a possible antidote for 
coronary thrombosis. In many developing countries, 
crowded with undernourished humanity, every alter
nate biter may leave behind it an inoculum of 
malaria or any one of a dozen other dismal diseases. 
If the amount o f toxic chemicals the world environ
ment can accept is limited, as most o f us I think 
believe it must be, the priority is obvious.jrtVilliam 
С̂ ||1егГТПузттг*\го1сеи T "  similâr~"ibought m reverse 
when he urged mosquitoes, instead of feeding on 

r'gaunt poets" to:

"T ry  sonic plump alderman, and suck the blood 
Enriched by generous wine and costly meat;
On well-filled skins, sleek as thy native mud, 
Fix thy light pump and press thy freckled feet. 
Go to the men for whom, in ocean’s halls 
The oyster breeds, and the green turtle 
sprawls."
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RECENT CANADIAN DEVELOPMENTS IN AREA CHEMICAL CONTROL
Ol HI I INC EdiiS

A. S West 

(Jiirni 4 University 
Kingston, Ontario

IN TRO D U CT IO N

This paper deals primarily with studies with which 
I have been associated, in the vicinity of Haie 
Couteau, Quebec, during the past seven years. Most of 
these studies were concerned with blackflies; 
mosquitoes received a minor amount of attention.

The modern period of area chemical control of 
biting flics in Canada began in the immediate post- 
World War II period with the availability of DDT. 
Experimental studies and practical control operations 
were conducted at Couse Hay, Labrador: Churchill, 
Manitoba: Whitehorse, Yukon; and clscwhcie. This 
work was sponsored by the Defence Research Hoard 
of Canada and Canada Agriculture. There was a 
significant cooperative input from the U.S. Depart 
ment of Agncultuie and the ITS. Aimed Forces.

Control techniques winch were established became 
standard for a period of years, with relatively minor 

changes. Most atrspray techniques were developed 
with fixed wing aircraft; limited use was made of 
helicopters.

For area control of mosquito and blucktly larvae 
or adults it was established that, using several types of 
aitspray equipment (straight emission pipe, rotary 
btush, boom and nozzle), a 200-yard swath width 
could be obtained when flying height was adjusted 
according to cross-wind speed. A height (ft.) X wind 
(m.p.li.) product o f 600 was the basis of operation.

The D D T  dosage for larviciding and adulliciding 
became established at 0.2 lb/а, and a preference for

adulliciding over Ijrviciding was common. For both 
types of operations blanket coverage of an area was 
the rule.

Control procedures against adult biting (lies by the 
use of thermal-aerosol (fogging) machines were 
established. The recommended emission rate (or more 
accurately stated as input to the machine rale) was
0.28 lb D DT/10U yd front (5 Ib/mi front).

During the fifties advances in mosquito control 
techniques included such developments as the use of 
lindane barrier swaths across a river valley to inter
rupt the migration of mosquitoes into the City of 
Edmonton, and the use of granular formulations of 
DDT, applied during the winter months, for the 
control of mosquito larvae (Winnipeg).

During 1953-1656 a major study of the biology 
and control of luting flics was mounted as a coopera
tive effort of Canada Agriculture, DRH.andtlic Pulp 
and Paper Research Institute of Canada In 1953 the 
study area was in the vicinity of Des Joachims on the 
Ottawa River. Thereafter the base of operations was 
in the vicinity of the Haie Coineau, Quebec.

An expeiimcnl in control of blackfly larvae by 
air-spraying the perimeter of a drainage basin was 
unsuccessful because too many streams took their 
origin well within the perimeter. Hlanket coverage 
(0 2 lb DDT/a) established that adult blacklly popula
tions within a larvicidcd area would remain .signifi
cantly below those outside the spray area for the 
entire season.



The 1957-1965 period saw a major increase in the 
use of airsprays for blaikfly control h i eastern 
Canada, particularly in the pulp and paper, nun 
mining and hydro-cicctric development areas o f the 
Quebec Noith Shore and labrador When funds 
permitted, a larviciding and an adultioding atrspray 
commonly were requisitioned If  only one spray 
could Ire financed, the choice tended to be for 
adulticiding.

Low Dosage Blackflv larviciding

The first major change in air splay programs 
occurred in 1964, when ‘low dosage' was introduced 
for the control of ЫаскПу larvae This procedure had 
been developed in New Vork State by Dr. H. 
Janinback, and was successfully adopted in Canada 
without experimental trials. This technique involves 
Hight lines at 'Л mi intervals, with the lines plotted to 
cross as many streams as many tunes as practical 
Since 200-yd swaths still are obtained, less than Vt the 
overall area receives insecticide. As compared with a 
blanket coverage with a dosage ol 0.2 lb DDT/a, the 
‘low dosage' procedure uses a dosage of 0.027 lb 
DDT/trcatcd acre (or latterly 0.02 lb Mcthoxychlor/ 
treated acre).

Gradually the ‘low dosage’ application came to he 
accepted, and there lias been a reduction of single 
adulticiding air*sprays in favour of two larviciding 
sprays over a greater area, for a lower total cost.

Experimental Studies

During the summers of 1966-1971 a research 
centre was operated under my supervision, at Haie 
Conicau, Quebec Studies were financed by 1ЖИ, 
WHO, insecticide manufacturers, municipalities, and 
pulp and paper, iron mining and hydro-clectric 
companies. Studies on DDT-replacenient coni|>otnids 
as blackfly larvicidcs formed the basis of an 
unpublished M.Sc. thesis by R.R. Wallace (Wallace, 
1971); studies on particulate formulations of blackfly 

larvicidcs have been repotted in an M.Sc. thesis 
submitted by H.V. Helson (Helson, 1972).

A. Blackfly Control Studies

The mounting evidence against D D T  dictated an 
evaluation of other materials for chemical control of 
blackflies

i. Larviciding

Oil formulations of six insecticides (Mcthoxychlor, 
Abate, Dursban, Cidial, Cardona and l enitrolliion)

were tested for eflectivcness as blackfly larvicidcs in 
both stieam treatments on the ground and by 
experimental airsprays, and were compared with DD T  
as a standard. Stream treatment miistslrd of the 
introduction o f insecticide at a concentrât ion ol I 
part insecticide in 10.000.000 paris» of water over a 
l.S-mmule period, l or the ausprays the ‘low dosage’ 
technique was used A spray aircraft emitting 1 gal of 
2 lb/gal rmxturc/fhght mile laid down a swath across 
a stream In addition to interest in efficacy as 

blackfly larvicidcs, the study involved an examination 
for any selective effects on non-target invcrtcbiatcs. 
Cidial. Gurdona and Fenitrolhion were nut .satis
factorily effective. Mcthoxychlor, Abate and Dursban 
all gave satisfactory control (elimination of most 
blackfly larvae for a distance of at least % mi below 
the line of application). There was little evidence of 
any consistent selective effects on non-target 
organisms

Since 1969 Mcthoxychlor has been recommended 
for aerial larviciding. Starting in 19 7 1 Abate was 
recommended for stream treatment, to comply with 
wishes of the (then) federal Department o f Fisheries.

a. Particulate Formulations

I am endebted to Dr. H. fiurtig for calling to my 
attention an article in Nature (Kershaw et a I 1965) 
describing some U K . studies on the use of a 
particulate formulation as a blackfly larvicide. The 
rationale was that insecticide in a particulate form, o f 
a size range o f  the particles ingested by blackfly 
larvae, might be taken up selectively by filter feeders. 
The U.K. studies reported that within certain dosage 
limits only hlackfly larvae were affected.

Through the cooperation of the Shell Research 
( ‘entre, Sittingbotirne, we obtained some of the 
particulate fonnulation o f DDT. Our tests showed 
that while lhis material affected mainly blackfly 
larvae, some other filter-feeders, such as certain 
cuddisDics, were also killed.

Through the courtesy of the Jolins-Mativille Co. in 
Manvillc, New Jersey, and Cyanamid of Canada 
Ltd., particulate formulations of Mcthoxychlor and 
Abate respectively were obtained. Whereas the D DT  
particles were mostly in the 8-15 u size range, the 
Methoxyclilor and Abate particles had a greutci size 
range, but with a predominance of particles in the 
! 5-25 jr range.
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These materials have a highly selective action, and 
for practical purposes affect only Plnlopotamid caddis* 
flies in addition to blackflv larvae Limited airsprav 
tests were also encouraging. Much remains to be done 
by way of studies on the most effective particle size 
range, and specific gravity of the formulation, for 
example. Howcvci, it is safe to predict that within 
several yeats pailiculutc foimulaiions will be the 
larvicides of choice

2. Adulticidtng

Whereas finding effective and safer compounds to 
replace D DT  for larviciding did not prove difficult, a 
DDT-rcpIacement for adulticiding posed more of a 
problem.

Candidate compounds (oil formulations) were 

assessed by use of a London-Model 25 thermal- 
aerosol generator and caged hlackflics exposed 350 
yd downwind of a logging line, lilcven compounds or 
mixtures were tested; several of these weie tried at 
various emission rates, although the D DT  standard of 
0.28 lb/100 yd front was used as a basis of compari
son (Mclhoxychlor, Mala'hion, Malathion-Lethane, 
Malalhion-Mcthoxychlor, Mulathion-Pibrom. Dibrom, 
Kotlan, Dowco-214, Baygon, Baygon-Baytex, and 
Fenitrothion).

Only Baygon, Dibrom, and Korlan proved effec
tive. Dibrom was ruled out because of fogging 
machine gumming problems sometimes encountered 
even when a recommended additive was incorporated 
in the spray mix. Korlan is a reasonably promising 
material, hut Baygon is in a class by itself, giving 
rapid knockdown and 90-100% mortality in air tests 
under a variety of conditions. In addition, in compa
rison with the standard DDT emission rate of 0.28 
lb/100 yd front. Baygon (a carbamate) is effective at 
an emission rate of 0.035 lb/100 yd front.

A wet table powder formulation was also tested 
and was equally effective; however, further tests 
would be necessary to determine if any deposits build 
up in the feed lines of the fogging machine.

A somewhat abortive attempt to test the Baygon 
wcttable powder, suspended in oil, as an air-spray 
adullicide did show considerable promise, and is 
considered to be worth further study. Fuel oil is 
available at all locations where control operations are 
carried on. Significant savings would accrue if insecti

cide shipments involved only a powder rather than 
including a diluting or suspending agent.

Ü. Mosquitoes

1. Larviciding

Although no experimental airspr.iy operations 
have been conducted against mosquito larvae, both 
Dursban and Abate have given excellent control of 
Aaics larvae in a practical operation involving an area 
of 2$ sq. mi. The dosage of Dursban was 0.05 lb/a; 
that o f Abate 0.015 lb/a. In contrast, Methoxychlor 
must be applied at a dosage of 0.2 lb/a to obtain 
effective control.

2 . Adulticiding

Casual observations during an aica test of Baygon 
fogged primarily for blackfly control suggested that 
this material may be equally effective against adult 
mosquitoes.

Baygon 70%  wettablc powder, suspended in water, 
was tried as a “back-yard” spray. The grass and 
surrounding vegetation of a 6000 sq. ft. area was 
welted with 6 gal of wet table powder mix (të oz 
a,j./US gal). Although because of wcathc' conditions 
during several series of tests results were not onclu- 
sive, they were sufficiently promising to warrar.' 
further study.

A  material marketed in the U.S. under the name of 
Mosquito Beater (vcrmiculite granules impregnated 
with a mixture of naphthalenes), and for which 
claims ate made as a mo'squito repellent, did not 
prove effective under Canadian conditions.

Future Needs

It is evident that although few if any materials 
have the superlative characteristics of D D T  for biting 
fly control there arc effective replacement com
pounds. Future research emphasis should be placed 
on formulations and methods of application. The 
significance of particulate formulations of blackfly 
larvicides has been emphasized.

There is a need to try U LV  air-sprays under 
Canadian conditions. Unfortunately the intended 
Armed Forces development of a U LV  capability was 
scrubbed. There is now on the market in Canada a 
ULV (L1ICO) logging machine. Assessment of this 
equipment should be carried out.
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In these tintes when the justification of pollution 
of any kind is being questioned, it is suggested that 
stricter supervision of chemical control of biting flies

is in oidei. It would sceni reasonable to suggest that 
levels of biting fly activity below which chemical 
control would not he permitted should he established.
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INSECTICIDES USED FOR THE CONTROL OF BITING FLIES 
AND THEIR POLLUTION POTENTIAL

Jadn <;. Saha

Canada Agriculture Research Station 
University Campus 

Saskatoon, Saskatchewan

IN T RO D U C T IO N

The usefulness of chemicals in controlling insect 
pests of crops and forests, as well as the insect vectors 
of human and animal disease, has been recognized 
from the beginning of this century. The use of 
pesticides had a modest beginning — with only a few 
inorganic compounds of arsenic and copper and a few 
naturally occurring organic insecticides such as Pyre- 
thrum and rotenone. But pesticides really came of age 
with the discovery of D D T  and 2,4-D during World 
War II. Since then hundreds of synthetic organic 
chemicals have been discovered and used by man to 
improve the quality and quantity of food and fibre 
produced and to improve man’s health and welfare. 
The use of pesticides in agriculture has revolutionized 
farm practices and dramatically increased crop yields. 
The effectiveness of the modern pesticides against a 
wide range of disease vectors has made possible the 
control of many important diseases which previously 
.defied all efforts at control. Epidemics of classical 
plague and murine typhus no longer threaten man
kind. Malaria has been eradicated from large areas of 
the world and is under dramatic control elsewhere.

In bringing about this revolution in human health 
and welfare, the increasing use of pesticides has also 
resulted in new problems. The very stability and 
persistence that has made DDT the ideal weapon for 
malaria eradication has caused widespread distribu
tion throughout the environment and has adversely 
affected some species of wildlife and fish. Resistant 
races of pests have also appeared in response to 
intensive use of pesticides. This has led to the 
discovery and use of new classes of insecticides whose

effects on the environment are even less understood 
than those of DDT

Numerous modern technological developments 
threaten the quality of our environment. Although 
pesticides are a small part of this productive techno
logy, they have had more than their due share of 
blame. Insecticides, particularly those used for the 
control of biting Hies, constitute only a small portion 
o f total pesticides used (including other insecticides, 
herbicides, fungicides, nematocides, etc.) by man 
today. This review will attempt to summarize our 
present-day knowledge of the pesticides used for the 
control of biting Hies and evaluate their potentials as 
pollutants of the environment.

Insecticides Commonly Used 
for Biting Fly Control

Numerous insecticides have been tested and used 
for the control of insects commonly referred to as 
biting flics. While some species of these insects arc 
vectois of human and animal diseases, others arc only 
nuisance insects. This review will not attempt to 
discuss all the insecticides that have been or are being 
used to control all the different species of biting Hies. 
Rather it will be limited to the insecticides that are 
used frequently to control the more important 
species of biting Hies.

Mosquito

D DT  is still the principal chemical used in the 
campaign against malaria, which now employs about 
100 million pounds of technical D D T  per annum 
(Brown 1970). The stated objective in the campaign
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is not to eradicate the Anopheles mosquito vectors 
but to terminate the transmission of the malaria 
infection by them. Virtually all D DT  applications are 
made inside houses, the residual adulticidc being 
applied to the inner walls and usually the ceilings at a 
rate of 200 mg of D DT  per sq. ft. Small amounts of 
dietdrin and lindane have also been used for this 
purpose.

D D T  is also used as a larvicide by adding it to 
water bodies lor the control of culicine mosquitoes, 
mainly of the genera Acdcs and C'ulex. Sometimes 
larvicidal control is supplemented by aerosol fogs of 
D D T  as adulticides. In North America several species 
of mosquitoes have been incriminated in the trans
mission of a variety of arbovirus diseases of man and 
horses (at least four in Canada). The great majority of 
mosquitoes can be classified as pest species which 
interfere with recreation and work out-of-doors and 
thereby affect public welfare and depress real estate 
values. The use o f DDT for the control of these 
mosquitoes has recently been severely restricted or 
discontinued in the U.S.A., Canada and many other 
developed countries. In these countries D D T  has been 
replaced by a number of organophosphorous (OP)

. insecticides including Baytex (fenthion), Dursban, 
Abate, and parathion, and carbamate insecticides 
such as Sevin and Furadan. In the California Mos
quito Control Programs OP compounds are widely 
used as larvicides. The average number of treatments 
per year is four, but in some areas up to ten may be 
necessary (Mu!la et al. l966;Mulla 1966a). Parathion 
has been used widely for this purpose at the rate of i 
lb/acrc. In Asia, the use of D D T  to control Culex 
fatigans. the vector of Hlariasis, has been discontinued 
due to the development of resistance. The OP 
compounds, Icnthion, Dursban, and nralathion, are 
likely to replace D D T  foi this purpose (Brown 1970). 
For larvicidal applications against Acdes aegypti, the 
vector of haemorrhagic dengue in Asia and of yellow 
fcvei in Africa, the use of D D T  has been discontinued 
in most areas due to resistance and is being replaced 
by malathion and Abate.

The toxicities o f some selected insecticides to 
larvae of Anopheles alfmuinus (Metcalf et al. 1969) 
arc given in Table I .

Blackfly

In many parts of the temperate and subarctic 
regions, i.e. in Canada and the U.S.S.R., dense

Toxicities of selected insecticides to 
larvae of Anopheles albimanus 

(Metcalf et a!. 1969)

TABLE 1

Larval
Insecticide LC 50 in ppm

Dursban 0.006
Abate 0 011
DDT 0.01 S
Fenthion (Baytex) 0.016
Malathion 0.100
Arprocarb (Baygon) 0.230

populations of blackflies constitute a serious menace 
to man and to domestic animals. They aie, if nothing 
else, a serious menace to the enjoyment of outdoor 
life, especially in the forested areas of Canada. They 
attack quietly and the victim may itch for weeks. A 
severe attack can result in a bout of “blackfly fever” 
which includes fever, headache, nausea and swollen, 
painful neck glands.

In certain areas adjacent to large rivers in Saskat
chewan, Alberta and Britisli Columbia, periodic out
breaks of Simulium arcticum and related species aie 
so massive as to drive animals out of the pastures and 
even cause the death of animals not sheltered 
immediately (Fredecn 1972). In central Saskat
chewan more than 1,300 animals were killed by S. 
arcticum between 1944 and 1948. Apart from deaths 
from the poison injected into the animal body there 
may be indirect losses to the livestock producers from 
reductions in milk production and animal weights, as 
well as interruptions in the breeding season.

The species affecting poultry arc S. méridionale, S. 
rugglcsi and some species of lùtsimulium. They arc 
vectors of Leucocytozoon blood parasites of birds. 
These parasites cause a form of malaria that has 
occasionally caused massive losses among flocks of 
turkeys, ducks, geese and chickens located near small 
rivers (Fredeen 1972). Mail and animals are never 
affected.

In contiast to the situation in Canada and the 
U.S.S.R., the interest in Simulium in many parts of 
tropica! Africa as well as more limited areas in Central 
America -  particularly Mexico and Guatemala -  is
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not so much as a biting pest but in its role as vector 
of human onchocerciasis (Brown 1970). The popular 
term for this disease in Africa is "river blindness".

Blackfly larvae and pupae live only in running 
water and each species is very specific as to the kind 
of river or stream it inhabits. In the case of 
onchocerciasis in Mexico and Guatemala, the main 
species prefer to breed in comparatively small 
streams, sometimes mere trickles heavily covered with 
undergrowth. In contrast, S. damuosum, the main 
vector of African onchocerciasis, breeds in some of 
the largest rivers in that continent such as the Niger, 
the Congo, the Sudan and Victoria Nile (Muirhead- 
Thomson 1971). In Canada the breeding sites for,V. 
arctiami are in rapids of large mountain-fed rivers 
such as the Saskatchewan, the Alhabaska and a few 
rivers in British Columbia, while the breeding sites of 
the species affecting poultry are in small rivers 
(Frcdcen 1972).

Direct attack against the aquatic stages of Simu
lium in these rivers still remains the only effective 
method for their control and DDT was the larvicide 
of choice for this purpose. It was used for more than 
20 years for the control of black flics in the Saskat
chewan River and it is still being used in Africa fut 
the control of S. damnosum (W.1I.O. I960). In 
Canada the use of DDT for the control of blackflics 
has been discontinued due to the possible harmful 
effects on the aquatic environment and rncthoxychlor 
is considered to be a promising replacement insecti
cide for this purpose (Frcdcen 1972). Dursban and 
Abate are also under investigation for the control of 
blackflics in Africa as well as Canada. An ingenious 
approach is being made in Africa to use D DT  as 
Simulium larvicide (Kershaw et al. 1968). Since these 
larvae are particulate feeders, DDT is being formula
ted in such a way that it is readily ingested by 
Simulium larvae, hut less readily available to other 
stream invertebrates and fauna.

Midges and Gnats

In many areas of North America biting midges of 
the genus Culicoides are of more serious concern than 
mosquitoes, since these insects can easily enter 
dwellings through 16-mesh screens which exclude 
mosquitoes. These insects also greatly reduce pro
perty values, particularly along the eastern coast 
where they arc abundant. The bites of most species 
ate accompanied by immediate intense sharp pain and

irritation, followed by the development of red wheels 
so (hat the victim may look as if he is suffering from 
measles. Some victims scratch themselves severely 
resulting in secondary infections. In parts of Central 
and South America and the West Indies, several 
species of Culicoides have been incriminated as the 
intermediate hosts of filarial worms. Viruses of 
F.astcrn and Venezuelan encephalitis have also been 
isolated from Culicoides. Species of Culicoides which 
prefer to feed on birds were also shown to he vectors 
of llacmoprotcus occurring in domestic ducks, spruce 
grouse, and many other birds in Algonquin Park, 
Ontario (Fallis and Bennett 1961).

Culicoides larvae may be found in mud, sand, and 
debris at the edges of ponds, springs, lakes, creeks, 
ditch margins or margins of small bodies of still or 
slowly running water; compost piles, rotting leaf 
mold, in peaty soils, manure, and any other vegetable 
matter that stays wet constantly.

Several organochlorinc insecticides such as DDT, 
dieldrin, chlordane, aldrin, BMC, ami toxaphene have 
been used for the control of Culicoides larvae 
(Weinburgh and Pratt 1962). Ground and aerial 
sprays of D D T  have also been used for control of 
adult Culicoides. The wisdom of using these pcisis- 
lent insecticides is questionable today. Temporary 
relief, at least inside homes, can be obtained by 
treatment of window screens with Pyrcthruin in oil or 
maluthion in ethanol solution.

The control of non-biting midges and gnats is a 
matter of serious concern in many countries ranging 
from temperate to tropical. At certain seasons of the 
year swarms of these insects, which are attracted by 
light, may invade stieets and houses in vast numbers, 
generally making living conditions extremely uncom
fortable or even intolerable on occasions. One of the 
best known representatives of this group is the Clear 
Lake gnat which has been thoroughly studied not 
only from the direct pest control point of view but 
also because of pioneer work on the accumulation of 
TD E  or D D D  in fresh-water habitats (Lindquist and 
Roth 1950; Lindquist et ul. 1951; Hunt and Bischoff 
I960; Cook and Conners 1963). As serious ecological 
problems arising from the use of TDF, became 
apparent, its use was replaced with that of methyl- 
parathion. This compound when used at 3 ppb 
concentration proved highly toxic to early instar 
larvae and there was no problem of persistence or 
accumulation within the habitat (lluzcltinc 1963; 
Cook and Conners 1963).



In Florida, HHC and lil’N were extensively used in 
midge control in the early 1950s, hut were only 
partly successful. Haytex (fenlhion), however, lias 
proved more successful in recent operations (Patter
son and von Windegulh l% 4 a  and b). Л variety of 
other oiganophospltorous compounds such as inala- 
tliion, Dipterex and D D VP  have also been found to 
have possibilities for use as laivicides with very little 
harm to list) (llilsenhofl 1959). The ever-threatening 
possibility of lesistance developing on the part of the 
pest has led to the continued search for more 
effective compounds (Mulla and Khasawinuh 1969; 
Anderson et ai 1965), although there appears to be 
no easy solution to the problem (Muirhcad-Thomson 
1971).

Properties of Insecticides Used 
for Biting Fly Control

Mention has been made of the major insecticides 
that have been or arc being used for the control of 
only a few important species of biting flies. The 
names of the insects mentioned above do not include 
all the species of biting Hies, as there arc many other 
species that are significant pesls.

Physical Property

DDT, D D D  (TDE), and methoxychlor arc the only 
important organochiorine compounds that arc now 
used for the control of biting Hies (Table 2). A 
number of organophosphorous compounds, including 
Baylex, malathion, parathion, methylparalhion, 
Abate, diazinon, dichlorvos (DDVP), Dursban, and 
dibroni (Naled), are also used for this purpose. In 
contrast only two carbamate insecticides, Sevin and 
Furadan, have found some limited use. DDT has the 
lowest vapour pressure of the insecticides listed in 
Table 2 and dichlorvos the highest. Thus DDT would 
be expected to be least volatile and dichloivus would 
be most volatile. It should be remembered that 
vapour pressures are determined in a closed system 
under thermodynamic equilibrium conditions. Hut 
insecticides are always used under kinetic conditions 
and vapour pressure data do not reflect their true 
volatility. Under field conditions any given insecticide 
volatili7.es many times fastei than that indicated by 
its vapour pressure. It lias been shown that 40%  of 
D D T  applied to leaf surface would volatilize into the 
atmosphere in 48 hr at 33°C and with only 2 mph 
wind (Que Hcc ci ai 1972). Thus if the insecticide is 
stable, most of the applied toxicant will volatilize 
from the target into the atmosphere within a matter

of days or weeks unless it is incoipoiatcd into the soil 
or it is picseni in solution in water.

Most ol the insecticides used for biting fly control 
arc applied to water bodies as larvicides. The notable 
exception is the use of D DT  for mosquito control in 
malaria eradication programs where it is mostly 
applied inside houses. Generally speaking the insec
ticides used for biting fly conliol are not particularly 
soluble in water (Table 2). Tlieit solubilities in water 
are from a lew parts per billion to about 145 ppm 
(malathion). Only dichlorvos lias appreciable solubi
lity in water. The latent heat of solution of many of 
these insecticides is in the order of 13 kcal per mole, 
which means that they would be strongly bound to 
colloidal surfaces such as organic and inorganic 
suspended particulate matter in the aquatic environ
ment. Therefore the equilibrium concentration in 
water would be extremely low, at least lower than 
that indicated by the solubility data.

Stability

The stabilities o f the compounds listed in Table 2 
vary widely. In general the three organochiorine 
compounds are more stable than the organophospho
rous or the carbamate insecticides. The p.p'-isomer of 
D D T  is thermally stable, decomposition taking place 
only above ]95°C. DDT undergoes dehydrochlorina
tion to DD E  in the presence of alkali. Methoxychlor 
is similar to DDT in its chemical properties, but its 
dchydrochlorination takes place considerably more 
slowly. Thus, while the rate constant of the reaction 
of D D T  witli KOI I in alcohol at 40.19°C is 0.186, 
that o f the p.p'-isomer of methoxychlor at ihe same 
temperature is 0.00097 (Melnikov 1971).

Malathion on prolonged healing at I50°C is 
converted to the corresponding thioloisomer:
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TABLE 2

Vapour pressure and water solubility data of selected insecticides 
used for biting fly control

Name
Vapour press. Solubility 

mm Hg in water ppm

DDT
1Л» x l(Tv at 0.037 at 2UcC 

20°C •

DDD  (T D D insol.

Mctlioxyclilor 0.1 at 25°C

Malathion 4 x I0 's at .. .  
30°C 145

I'aiutliion
3.78x10-5 

at 20‘ C

Mctliylparalliiun
0.97 x 10‘5 1<; 

at 20°C

Abate insol.



TABLE 2 (Continued)

Diazinon
8.4 x 1СГ5 

at 20°C
40

Dichlufvcb (DDVP)
1.2 x 10-2 

at 20UC
10,000

Dursban 1.87 x10-5 2 at 25°C

llaytex
3 x I O' 5 

at 20°C
54 at 20°C

Naled (Dihrom) in sol.

Scvin (Carbaryl)
5 x l(T3 at 

26°C
40

It is also readily converted to the oxygen analog in 
the presence of oxidizing agents or in biological 
systems (Melnikov 1971).

Parathion is gradually converted to the thiolo 
isomer even at a lower temperature (I00°C) than 
malathion. It is rather stable in acid. At ph I - 5  about 
50%  is hydrolyzed in 690 days at 20°C, and in 17 to 
20 hr at 70°C. Bui it is readily hydrolyzed in alkaline 
medium. The rate of hydrolysis of methylparathion is 
considerably higher than of parathion, especially in 
alkaline medium. Diazinon is not as resistant to 
hydrolysis as parathion. In acid medium it is hydro
lyzed 12 times as rapidly as parathion, and in alkaline 
medium the hydrolysis goes on at practically the 
same rate. Dursban is also slowly hydrolyzed in acid 
or alkaline medium. But fenthion (Baytcx) is more

resistant to hydrolysis and heating than methyl
parathion. In aqueous solution no hydrolysis of 
Abate takes place at pH 8 at room temperature even 
after several weeks. The half-life of dichloivos in pure 
water at 20°C is 61.5 days. But the pure compound 
in the presence of traces of moisture decomposes 
readily with the formation of acidic products that 
catalyze further decomposition of (he compound. To 
stabilize the technical grade product 2-4%cpichloro- 
hydrin is added, which tics up the acidic substances 
and improves the conditions for storage of the 
compound. With respect to hydrolysis, naled is more 
stable than dichlorvos. Sevin is resistant to the action 
of water, light, and the oxygen of the air at room 
temperature. But is is rapidly hydrolyzed in alkaline 
medium. Furadan is also unstable in the presence of 
alkali.
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The photodecomposition of all the compounds 
listed in Table 2 has not been studied. It is expected 
that they would be decomposed by light, although 
the rates may vary widely.

Metabolism

Information on the degradation of insecticides in 
the biological system is essential for the rational 
assessment of hazards arising from the use of these 
compounds for pest coni: i Identification of the 
metabolites and evaluation of their toxicological 
properties are essential for proper assessment of 
hazards of terminal residues in plants and animals. 
Metabolism studies arc also very important for the 
elucidation of the intoxication and detoxication 
processes that occur in animals, plants, and micro
organisms.

Probably no single insecticide has been more 
widely investigated for metabolism than DDT. Its 
metabolism has been investigated in several species of 
animals including man, insects, birds, and fish (Tabic 
3). The degradation of DDT by soil and soil micro
organisms is also well known. In insects D D T  is 
converted mainly to DD E  while in mammals DDA  
and D D E  arc the major metabolites. Recently, there

has been increased evidence for the conversion of 
DDT to D D D  by various microorganisms, insects, 
mammals, and also by birds. Although D D E  is less 
toxic to mammals than D D T  it is the major cause of 
the production of thin*shc)led eggs by raptorial and 
fish-eating birds. Thus metabolism of a toxic sub
stance to a product having less acute toxicity to 
mammals docs not necessarily mean that the meta
bolite would be less harmful in the environment. The 
chronic toxicity o f the compound or its metabolites 

is far more important in assessing environmental 
hazard.

Although methoxychlor has been known for more 
than 20 years very little is known about its meta
bolism, although it is known to be excreted by 
animais at a rate much faster than that of DDT 
(Kapoor et ul. 1970).

In contrast to DDT most of the organophos
phorous and carbamate insecticides arc rapidly 
metabolized. Oxidative and hydrolytic pathways are 
important for the detoxification of these insecticides 
by various organisms. The metabolites arc usually far 
less toxic than the parent compound and arc not 
stored in the animal body to any great extent. The

TABLE 3

Availability of information on the metabolism of insecticides 
used for blackfly control (Menzie 1969; Fukuto and Sims 1971)

Information available for metabolism by

Insecticide I Mammals Insects Birds Fish Soil/bacteria

DDT + + + + •t-

D D D + + + - -

Methoxychlor + -» - - -

Malarhion + + + - +

Parathion + + - + +
Methylparathion + - - -

Abate - ~ - +

Diazinon + » - + +
D DVP +• + - +

Dursban + -- - i -

Baylex + -i - - -

Milled + - - - -

Sevirt + + - - -

Furadan + - - _
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metabolic fate of the organophosphorous and carba
mate insecticides used for blackfly control has been 
studied in mammals and insects. Rut metabolism of 
these insecticides in birds bas not been studied 
Exception is the case of malathion. Although there is 
no a priori justification in assuming that the degrada
tion of these insecticides by birds will be different 
from that by mammals, the possibility cannot be 
ignored. Metabolism of these compounds by fish also 
lias not been studied with every insecticide (Table 3). 
Since these insecticides arc largely used as larvicides 
in the aquatic environment, their metabolism by fish 
and fish-eating birds should be studied.

Effects On Non-Target Or^misms

In most freshwater habitats where insecticides are 
applied to control a particular undesirable organism 
such as mosquito or blackfly larvae, the idea of what 
constitutes a non-target organism is usually under
stood to mean simply those organisms whose destruc
tion is not intended. In practice, the distinction tends 
to be less general and to refer specifically to 
organisms which play a key role in the ecology of the 
habitat, particularly with regard to species which 
form vital links in the food chain. However, the 
distinction is not rigid as there may be cases where 
"non-target” organisms may become the target 
species.

In many rivers and streams the larvae of caddis- 
flies (Trichoptera) and the nymphs or naiads of 
mayflies (Ephemcroptera) arc considered to form 
important food sources for trout and other valuable 
fresh-water fish. In some areas these insects are 
produced in such enormous numbers as to constitute 
a nuisance or pest, and their immature stages arc then 
liable to be the direct target of planned control 
operations with insecticides (Lieux and Mulrennan 
1955; Frcdecn 1972). The same flexibility of term 
applies to “undesirable" fish. Carp rank high on the 
list of undesirable fish in this country but it is a major 
source of food in many other countries.

These rather unusual exceptions should not 
obscure the fact that in any particular water the 
distinction between target and non-target organisms 
remains clear, and that the ideal of control operations 
should be to control the population of the particular 
undesirable species at pesticide concentrations which 
will have the minimal adverse effect on the rest of the 
fresh-water biota.

The use of insecticides for the control of biting fly 
larvae is perhaps the best example of the application 
of toxic chemicals to fresh water. The following 
discussion is related to the effects of tfiis use on 
non-target organisms such as fish and aquatic in
vertebrates.

Fish

One of the first critical studies into the possible 
hazards of DDT to fish and fresh-water organisms 
originated in the widespread application of this 
compound by aircraft for control of forest insects in 
the U.S.A. and in Canada (Hoffman and Droor 1953). 
In the forest areas of Montana and Yellowstone 
National Park, for example, there was heavy D DT  
spraying against spruce bud worm from 1952 to 1956 
over an area of more than 2 million acres. A few 
months after spraying there were reports of dead and 
dying fish in the Yellowstone River within and below 
the sprayed area. Densities of dead fish (mostly 
whitefish and brown trout) of the order of 600 fish in 
less than 300 yd of stream were noted.

In Canada, extensive forest areas in New Bruns- 
wick and Quebec were sprayed with D D T  from 
aircraft for spruce hudworm control between 1952 
and 1958. These applications were responsible for 
reducing the salmon population in the treated area 
(Kerswill and Elson 1955; Elson 1967; Webb 1960). 
In the very early phases of D D T  aerial spraying, (he 
application rate was 1 lb/acrc which was subsequently 
reduced to 0.5 lb/acre and finally to 0.25 lb/acrc in 
New Brunswick. Although these arc not examples of 
the use o f DDT for biting fly control, these studies do 
indicate the possible harmful effect of the introduc
tion of D D T  into fresh water.

Apart from direct toxic effect of D DT  to fish, 
there may be indirect effect.on fish populations due 
to destruction of food supply. Fish may then migrate 
from the contaminated water or may die o f starva
tion. This was observed at Jinja in Uganda in 1956 
when D D T  was used to control Simulium larvae in 
the Victoria Nile. The D DT  treatment eliminated not 
only Simulium larvae but probably all lithophilous 
insect fauna which was the main diet of several 
species o f fish. One of ihcsc — Mastaccmbclus -  was 
a specialized feeder on these insects and they cither 
died of starvation or were compelled to move away 
(Corbet 1958). In contrast, another species of un
specialized feeder such as Clariullabes, which had
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previously fed on 90% lithophilous insects, was able 
to survive by feeding on plants, molluscs, etc., 
unaffected by the D DT  treatment.

In addition to this type of indirect effect of DDT 
on fish, there is some evidence of immediate or direct 
effect on fish following DDT-ticatment of rivers for 
Simulium control. Pot example, the application ol 
DDT emulsion at the rate of 0.1 ppm for 30 min. to 
the River Niger at Kotmnissa in Guinea led to high 
fish mortality within 20 min. of application and up to 
10 kin below the application point (Muiihead- 
Thomson 1971). Laboratory tesls on several species 
of tropical fish later showed that irreversible damage 
could be produced after some hours’ exposure to 
concentrations of DDT as low as 0.01 to 0.05 ppm. 
In contrast, the organophosphorous compound 
Hay lex could be tolerated by these fish at concentra
tions up to 3 ppm for many hours (Rost and Garins 
1966). Another example o f such immediate effect of 
DDT on fish was observed in Sudan in 1957. DDT 
was applied by aircraft at a calculated concentration 
of 0.11 ppm over about I 10 min. of How to the Blue 
Nile at Khartoum to conttol chironomid midges 
(Brown et at. 1961). Numbers of fish were killed, and 
examination of dead specimens showed DD T  concen
trations up to 79 ppm.

In contrast to these experiences with D D T  in 
African waters it is significant to note that in one of 
the early classic examples of Simulium control in 
large rivers, namely DDT treatment of the Saskat
chewan River in Canada (Arnason el al. 1949), no 
adverse effect on fish life could be detected following 
aerial treatment at 0.1 ppm D DT  for 30 min. DDT 
was used sparingly for Simulium control in the 
Saskatchewan River for more than 20 years and at 
the end of this period negligible DDT residues were 
found in several species of fish from this river 
(fredeen et ai. 1971).

O f particular concern in many mosquito control 
campaigns lias been the nun-target species (Jambusia 
affinis (mosquito fish) which feeds on mosquito 
larvae and plays an important role in their biological 
control. In the California Mosquito Abatement 
Programs, OP compounds -  including parathion -  
have been widely used. The average number of 
treatments per season is four, but in some areas up to 
10 treatments are necessary. In such circumstances 
lislt like Gumbusia as well as other fresh-water

fauna -  are under vety heavy insecticide pressure and 
search should continue for noil-insecticidal control 

methods.

Aquatic Invertebrates

Although it has been recognized lor many years 
that application of DDT to rivers was liahlc to have 
drastic effect on the ecological balance, systematic 
investigations on the problem have been few and far 
between. Mo.sl of the studios were limited to the 
effect of D D  T Iteatnicnt on fish. Reference was made 
earlier to the side effects of Simulium control 
operations on the Victoria Nile at Jinja, Uganda, 
where application of D DT  completely eliminated the 
lithophilous insect fauna.

A systematic attempt to study the ecological 
effects of D D T  treatment of streams was made in the 
River Manafwa in Uganda in I960, at a point where 
the stream was about 12 ft wide flowing over stones 
and boulders (Hynes and Williams 1962). DDT was 
applied at the rate of 0.1 ppin for 30 min. The most 
drastic effect appeared to be in three insect predators, 
Neopcrla, Hydropsy die. and Cheumatupsydte, which 
were reduced both in number and size. This in turn 
has led to an increase in numbers of prey organisms 
such as mayfly nymphs and Simulium larvae below 
dosage point. Many Ephenicroptcra were noticeably 
smaller below dosage point than above, indicating 
that the exposed generation had been killed and had 
become re-established from eggs, lit the U.S.A, it was 
found that a somewhat similni dose of DDT -  0.1 
ppm for 20 min. appeared to have very little effect 
on Iiflle inhabiting arthropods other than blackfly 
larvae (Jamnback and Eabry 1962).

l-'roin the few examples cited above, as well as 
many other scattered observations which have not 
been stated here, it is rather difficult to get anything 
other than a confused picture about the impact of 
D DT  on stream invertebrates. Much of this may be 
due to the wide range of conditions in rivers and 
streams. In addition, in some of the studies the 
observation period was limited to a few' days fol
lowing application of D DT  while in others the 
observation periods were mouths or years. These 
longer term observations have shown that some 
genera of stream invertebrates which appeared to be 
almost entirely eliminated within a few days of 
treatment make a very rapid recovery to normal 
populations within a few weeks or months, while 
others appear to be more permanently affected.
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The use of D DT  and other organochlorinc insec
ticides for the control of biting flics has been almost 
completely superseded by the organophosphorous 
insecticides, and to a much lesser extent by the 
carbamates. These changes have come in a period 
when the scientists and the public have become aware 
of the need to assess the impact of such chemical 
treatments on the ecology of the aquatic environ
ment. Many of the new insecticides arc lethal to the 
target organisms at very low concentrations. It may 
be expected that they may be equally fatal to 
non-target organisms as well. To offset this apprehen
sion is the increasing weight of evidence, based on 
extensive chemical analyses of water, mud, aquatic 
flora and fauna of treated water bodies, about the 
general non-persistence of these compounds in the 
environment, and the fact that they arc easily 
biodegradable and they may disappear completely in 
a matter of days after application.

One of the first organophosphorous compounds to 
be thoroughly investigated from the point of view of 
general ecological impact on fresh water was methyl- 
paralhion which was used from 1962 onwards as a 
replacement for T D E  (D D D ) for the control of Clear 
Lake gnat (Cook and Conners 1963). Although this 
compound is known to have a much higher mam
malian toxicity than any other used as an aquatic 
pesticide, the very low dosage (3 ppb) used was 
adequate for the control o f early instar Chaoborus 
larvae, but had very little effect on non-target 
organisms.

Baytex (fenthion) has also been widely used for 
controlling mosquito and non-biting midge larvae. 
Applications of a granular formulation of Baytex to 
small ponds showed that at a concentration of 0.025 
ppm it was lethal to Chironomid larvae but was 
non-toxic to such aquatic organisms as Copcpods, 
Ostracods, Hydra, Annelid worms, snails and clams 
(Patterson and von Windcgutlr 1964a). The usual 
dosage of Baytex may be lethal to shrimp and 
Amphipods found in shallow areas o f lakes. However, 
shrimps would survive in deep waters and the total 
effect on shrimp populations may not be significant. 
Among other invertebrates it appears that nymphs of 
dragonflies are more affected by Baytex used in 
mosquito control operations than most other non
target species (Whitsel et al. 1963).

In the case of Dursban -  one of the most powerful 
of the new organophosphorous larvicides -  it has

been clearly shown that at a certain critical range 
comparatively small increases in concentration may 
determine how lethal (he impact of this chemical is 
on fresh-water fauna. Culex tarsalis larvae can be 
controlled with an application of 0.005 lb of 
Dursban/acre without any noticeable ill-cffcct on 
non-urget organisms. But the highly sensitive mayfly 
nymphs arc affected at a dosage level o f 0.01 lb/acrc 
(Mulla ct al. 1966). Aerial application of Dursban at 
0.01 to 0.02 lb/acrc resulted in noticeable die-off of 

practically all arthropods (Moore and Brceland 1967), 
Thus une must be extremely careful in the applica
tion of Dursban for mosquito control and aerial 
application of Dursban should be avoided, as it may 
result m uneven distribution leading to high concen
trations in localized areas.

There are conflicting reports in the literature on 
the effects of Abate, another highly successful 
organophosphorous larvicidc, on non-target o r
ganisms. In one report, field application of 0.25 
lb/acre had no noticeable mortality on Odonata, 
Chaoborus larvae, Copepods, Ostracods or fairy 
shrimps (von Windcguth and I'atlerson 1966). In 
contrast to this observation, treatment of a lake at 
the rale of 0.039 lb/acrc proved toxic to nearly all 
insects in the lake (Fales ct al. 1968). The impact of 
Abate was carefully examined in connection with 
mosquito control of temporary pools along the shore 
line of Lake Michigan in Wisconsin (Porter and 
Gojmcrac 1969).

Although the application o f Abate at 0.03 lb/acre 
was effective against mosquito larvae, this treatment 
also eliminated larvae o f the caddis fly and seriously 
affected early instar Libcllulid naiads (Odonata). The 
Abate treatment also eradicated Cladoccra but had no 
effect on Amphipods, Isopods, Ostracods and Copc
pods.

Effect on Environment

The only generalization that can be made about 
the properties of insecticides used for biting fly 
control is that theie is great variation. The impact o f  
a given insecticide on the environment is largely 
determined by its toxicity and persistence. The two 
properties are especially important ecologically and 
the range of effect varies widely for both. The 
insecticide may kill non-target organisms, have sub- 
lethal effects or no effect on them at all. Some may 
persist in the environment for years while others may 
disappear in a matter o f days or weeks.
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The most obvious effect o f a pesticide is death. It 
is easily perceived in vertebrate species and its 
ecological effects can be assessed more easily than 
others. Animals may take up the pesticide through 
their body surface, through respiratory organs or the 
alimentary canal. Tencstrial vertebrates mainly ob
tain pesticides orally and for warm-blooded verte
brates the common test is the determination of acute 

oral LD jo •

Some o f  the insecticides, such as Furadan, para- 
tliion, and methylparathion, used for blackfly con
trol, are extremely toxic (6-50 mg/kg) to vcitcbrates 
(Table 4). They arc hazardous to the operators, 

especially when no proper precaution is taken. They 
also should not be used in areas where human 
exposure is likely immediately following their ap
plication. Several deaths were reported from India 
when parathinn was used for mosquilo control inside 
houses. Enough toxic residues remained for hours in 
the house sprayed with parathion lo cause death of 
the people sleeping there. This is one reason why 
extremely toxic chemicals cannot be used as inos-

TABLE  4

Vertebrate toxicity of some insecticides used 
for blackfly control

Toxicity

Rat Bird

(acute oral (acute oral

Insecticide LD 50 mg/kg| LDgo mg/kg)

D D T 113 >  I300(clueken)
D D D  (TDE) 3400 -
Mcthoxychlor 6000 -
Malathion 2800 >  850
Parathion 6-12 -
Methylparathion 25-50 -
Abate 151 80-100 mallards 

18-55 pheasants

Diazinon 76-320 40.8 chicken 
14.7 goose

D D VP  (dichlorvos) 80 7.8 malluids

Naled (dibrom) 430 46 ducks

Dursban 150 70-80 mallards 
8-18 pheasants

Baytex (Fenthion) 215-245 15 ducks
Sevin 500 >  1500 sharptail
Furadan - 38.9 chicken

quito adulticides, especially in countries where the 
majority o f the people cannot read the label. DUT, 
Abate, diazinon, DDVP, nalcd, Dursban, Uaytex and 
Sevin can be considered very toxic (50 to 500 mg/kg) 
to mammals, while DDD, mcthoxychlor and mala- 
thion are moderately toxic (500 mg to 5 g). However, 
it is unlikely that the proper use of any of these 
compounds would be hazardous to man himself, so 
far as acute toxicity is concerned.

While it is possible to compare the acute oral 
toxicities of these compounds from the LDso values 
to tats, it is almost impossible to compare their 
toxicities to birds. Acute oral LDso data are not 
available for these insecticides for any one species of 
bird. However, it is unlikely that direct application of 
these compounds on any wild bird would prove fatal, 
especially at the dosage used for biting fly contiol.

In fish the intake o f pesticides is mainly through 
(licit gills and lo some extent through their food. The 
acute toxicity of pesticides to fish is usually ex* 
pressed by T L m values, i.c. the concentration suffi
cient to produce 50% mortality within a specific 
period of lime. Many o f the insecticides used for 
biting fly control have high acute toxicity to fish 
(Table 5). Hut the concentrations required for effec
tive control of larvae of these insects are usually very 
low and thus in mosl cases present no immediate 
hazard to fish. It has been pointed out before that 
with some of these insecticides survival or death of 
fish may depend on a rather small change in 
concentration of the insecticide in watci.

Subletha! effects o f pesticides arc more difficult to 
measure than acute toxic effects and laboratory 
cxpeiimcnts on chronic toxicity may not detect the 
long-term effect. In the easy conditions of laboratory 
life the consequences of sublethal poisoning arc not 
likely to be serious, but in the natural habitat of the 
animal, a very slight loss in efficiency or an alteration 
in behaviour may have serious consequences. From an 
ecological point of view sublethal effects arc of great 
significance. They aie extremely difficult to measure 
and assess, and there is little evidence to show how 
important, in fact, they are in the field.

A very wide range of sublethal effects has been 
attributed to pesticides but few have received 
systematic study. Most o f the work is on the effects 
of insecticides on the reproduction of galliform birds. 
Effects on the number of eggs laid, hatching and
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TA BLE  S

Toxicity to ffésh of insecticides used for 
biting fly control

Insecticide Fish

Cone, of toxicant 
sufficient to kill 

50%  of tes! 
animals within 

the specified
(JUliud

T L m (ppm)

Low to moderately toxic

Carbary 1 Rainbow trout I.35961'
3.524'1

Abate Rainbow trout 1 O9*»'
1.9^4h

Bluegilis 5424,1
Guppies 20024h

Mcthylparathion - -
DDVI* Rainbow trout 0.524h
Penthion Rainbow trout 0.7696h

Bluegilis 0.6796*1
Guppies 3.32241'

Parathiun Goldfish 1.5
Naled Rainbow trout 0.07241'
Dursban Guppies 0 .2224h
Diazinon Rainbow trout 0.3824|\  0.0996h
D D T Bluegilis 0.009924'1

Goldfish 0.1
TDK Goldfish 0.90
Mcthoxychlor Goldfish 0.06
Furadan Rainbow trout 0.2Я

viability o f the progeny of birds dosed with insecti
cides have been demonstrated. In a study o f the 
effects of severe D D T  contamination o f a colony of 
herring gulls in Lake Michigan, U.S.A., exceptionally 
high egg mortality was observed (Keith 1966). 
Burdick cl al. (1964) showed that concentrations of 
4.75 ppm o f  D D T  in Irout eggs resulted in high 
mortality o f  the young hatching from them. The 
problem of DDT and DDK  causing thinning of 
eggshells o f some species of raptorial birds is well 
known now, although the effect of PCB residues 
cannot be ignored.

Too little is known about the effects of low doses 
of pesticides on behaviour; published work in this 
area is suggestive. Warner et al. (1966) have shown

that both organoclilorine and organophosphorous 
insecticides can affect the learning ability of fish. 
Ogilvie and Anderson (1965) have shown that D D T  
affects temperature selection by immature Atlantic 
salmon, and suggested that tins insecticide may 
interfere with the normal acclimatization mechanism.

Apart from its toxicity, the most important 
characteristic of a pesticide from the ecological point 
of view is its stability in the environment. I’cisistence 
in a toxic lorni is important because it allows 
dispersal of toxic chemicals to places far away from 
the site o f application. Persistence also allows time 
for the toxic chemical to be ingested by one aniniat 
and passed to another The extent to which this may 
happen depends on the ability o f the organism to 
metabolize the pesticide. If  it is able to excrete the 
toxic chemical quickly or break it down to harmless 
metabolites which may even remain in the body for 
some lime, there will be little possibility of a harmful 
food chain effect. Such is the case with most 
organophosphorous and carbamate insecticides and 
also with lindane, an orgaiiochlorinc insecticide. On 
the other hand, if the animal is unable to metabolize 
the chemical to harmless products and/or excrete it 
quickly, it will be stored in body tissues and passed to 
another animal and concentrated in the food chain. 
O f all the insecticides used for biting fly control, 
D D T  and D D D  are the most persistent and arc 
concentrated in the food chain. An outstanding 
example of biological magnificat ion o f persistent 
insecticide was found in Clear Lake, California, where 
D D D  was applied to the water in 1949, 1954 and 
1957 at a dosage o f  about 14 ppb to contiol gnats 
(Hunt and Bisclmff I960). It was later found that 
plankton accumulated residues of 5 ppm and analysis 
o f fish in the lake showed 40  to 250 ppm in the fat -  
a level high enough to cause high mortality in grebes 
feeding on the fish. In contrast, the use o f D D D  for 
the control o f Trichoptcra in the St. Lawrence Kiver 
did not result in any such magnification in the food 
chain (Frcdeen 1972). The reason may be that in 
Clear Lake the insecticide was used in a closed body 
of water whereas in the other instance it was an open 
river. There are other examples o f  biological magnifi
cation of insecticides, particularly DDT, reported in 
the literature. Melhoxychlor, although an organo- 
chlorine insecticide and closely related to DDT in its 
structure, shows much less tendency to be con
centrated in ihe food chain (Kapoor el al. 1970). In a 
model ecosystem study in the laboialoiy the overall 
concentration of metlioxyclilor from water a!
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0.00011 ppm tu fish at 0.17 ppm was approximately 
1500 times. In the same model ecosystem D D T  was 
found in fish at the top of the food chain at a level of 
90,00(1 times that of the water. However, snails 
appeared to concentrate D DT  and mcthoxychlor to 
the same extent. This study indicated that, although 
(he fish (mosquito fish) could excrete mcthoxychlor 
rapidly, snails were unable to do so. Further studies 
should be carried out to study the metabolism of 
mcthoxychlor by other aquatic annuals before this 
compound is used on a large scale for Simulium 
control in Canada or elsewhere.

In general, concentration rates appear to be greater 
in aquatic systems than in terrestrial ones. This is to 
be expected since aquatic animals like molluscs and 
fish have to pass large amounts of watci through their 
bodies to obtain oxygen and so arc particularly likely 
to concentrate persistent pesticides. From this con
sideration the use of D DT  or D D D  as biting fly 
larvicides in water should be discouraged and the use 
of mcthoxychlor should be acceptable after further 
studies. Information about the concentration of 
pesticides other than organochlorine insecticides is 
fragmentary. Mullaf 1966a) showed that the mosquito 
fish is capable of concentrating the organophos
phorous insecticide parathion. This may be an ex
ample of exception to the generalization that or
ganophosphorous insecticides are not concentrated in

the food chain or may be the first indicator of the 
problem we may face in the future with the newer 
insecticides.

It is appuient from the above brief discussion that 
persistent insecticides such as D D T  or D D D  have 
great pollution potential and their use may have 
serious ecological consequences. The few organo- 
phosphoious insecticides discussed above represent 
only a small pioportion of a rapidly increasing 
number of new larvicides available today. Informa
tion about even the most widely used organo
phosphorous larvicides such as Baytex, malathion, 
Dursban and Abate is still very patchy and incom
plete; the likely impact of the other newer com
pounds on the environment is perhaps still a matter 
of conjecture. Our knowledge about the ecological 
impact of these newer compounds will continue to 
lag behind until such time as the problem is tackled in 
a much more systematic and coordinated manner.

A C K N O W LED G M EN T

The author is indebted to J. J. R. McLintock, F. J. 
il. Fredeen, and L. burgess, all members of this 
Research Station, for helpful suggestions and con

structive criticism of an earlier draft o f the manu
script.

R E F E R E N C E S

Anderson. L  !)., E. C. Bay, and M. S. Mulia. 1965. Aquatic midge investigations inS. California. Proc. Calif. Mosq. 
Control Assoc. 33: 31-3.

Amason, A. I'., A. W. A. brown, F. J. H. Fredeen, W. W. Hopewell, and J. G. Rcntpcl. 1949. Experiments in the 
control of Simulium arcticum Malloch by means of D D T  in the Saskatchewan River. Sci. Agr. 29: 527-37.

Brown, A. W. A. 1970. In The Biological Impact of Pesticides in the Environment. J. W. Gillet Ed., Oregon State 
Univ., p. 196-97.

Brown, A. W. A., D. J. McKinley, II. W. Bedford, and N. Qutubuddin. 1961. Insecticidal operations against 
chrronomid midges along the Blue Nile. Bull. Ent. Res. 51: 789-801.

Burdick, G.E., E.J. Harris, H.J. Dean, T.M. Colby, J. Shed, and D. Colby, 1964. The accumulation o f D D T  in lake 
trout and the effect on reproduction. Trans. Am. Fish Soc. 93:127-136.

Cook, S. F. and J. D. Conners. 1963. The short-term side-effects o f the insecticide treatment of Clear Lake, Lake 
County, California in 1962. Ann. Ent. Soc. Am. 56: 819-24.

31



Corbet, P. S. 1958. Some effects o f DD T  on the fauna of the Victoria Nile. Revue Zool. Dot. Afr. 57: 73-95.

Elson, P. F. 1967. Effects on wild young salmon of spraying D D T  over New Brunswick forests. J. Fish. Res. Bd. 
Canada 24: 731-67.

Paies, i. H., P. J. Spangler, O. F. Bodenstein, G. D. Mills, and C. G. Durbin. 1968. Laboratory and Held evaluation of 
Abate against a backswimmcr, Notonccta undulala Say (Hemiptcra: Notoncctidae). Mosquito News 28: 77-81.

Fallis, L. R. and G. F. Bennett. 1961. Ccratopogonidae as intermediate hosts for Haemoprotcus and other parasites. 
Mosquito News 21: 21-28.

Fredeen, F. J. 11. 1972. Personal communication.

Frea.en, F. J. IL, J. G. Saha, and L. M. Royer. 1971. Residues of DDT, DDE, and D D D  in fish in the Saskatchewan 
River after using D DT  as blackfly larvicidc for twenty years. J. Fish. Res. Bd. Canada 28: 105-109.

Fukuto, T.R. and JJ. Sims. 1971. /// Pesticides in the Environment. Vol. 1. R.Whitc-Stcvcns Ed., Marcel Dekkcrlnc. 
pp. 145-236.

Hazeltine, W. E. 1963. The development of a new concept for control of the Clear Lake Gnat. J. Econ. Entomol. 56: 
621-26.

Hilsenhoff, W. L. 1959. The evaluation of insecticides for the control of Tcndipcs plunwsus (Linnaeus). J. Econ. 
Entomol. 52: 331-32.

Hoffman, C. l i  and A. T. Droor. 1953. The effects of C-47 airplane application of D DT  on fish food organisms in 
two Pennsylvania watersheds. Atn. Midi. Nat. 50: 172-88.

Hunt, E. G. and A. L Bischoff. 1960. Inimical effects on wildlife of periodic D D D  applications to Clear Lake. Calif. 
Fish. Game 46: 91-106.

Hynes, H. B. N. and J. R. Williams. 1962. The effect of DD T  on (lie fauna of a Central African stream. Trop. Med. 
Parasit. 56: 78-91.

Jamnback, H. and H. S. Eabry. 1962. Effects of DDT, as used in blackfly control, on stream arthropods. J. Econ. 
Entomol. 55: 636-9.

Kapoor, I. P., R. L. Metcalf, R. F. Nystroni, and G. K. Sangha. 1970. Comparative metabolism of methoxychior, 
Mcthioclor, and D D T  in mouse, insects, and in a model ecosystem. J. Agr. Food Client. 18: 1145-52.

Keith, J. A. 1966. In Pesticides in the Environment and their Effects on Wildlife. J. Appl. Ecol. 3 (Suppl.): 57-70.

Kershaw, W. E., T. R. Williams, S. Frost, R. E. Matchett, M. L. Mills, and R. D. Johnson. 1968. The selective control 
of Simulium larvae by particulate insecticides and its significance in rivet management. Trans. R. Soc. Trop. Med. 
Hyg. 62: 35-40.

Kerswili, C. J. and P. F. Elson. 1955. Preliminary observations on effects of 1954 D D T  spraying on Miramichi 
salmon stocks. Prog. Rep. Atlant. Cst. Stas. No. 62: 17-24.

Lieux, D. B. and J. A. Mulrcnnan. 1955. Mayfly control. Mosquito News 15: 156.

Lindquist, A. W., A. R. Roth, and J. R. Walker. 1951. Control of the Clear Lake Gnat in California. J. Econ. 
Entomol. 44: 522-27.

32



Lindquist, A. W. and A. R. Roth. I9S0. Effect of D D D  on larvae of Clear Lake Gnat in California. J. Ecun. 

Enlomol. 43: 328-32.

Melnikov, N. N. 1971. Chemistry of Pesticides. Residue Reviews 5: 1-480.

Mcnzic, C. M. 1969. Metabolism of Pesticides. U.S. Dept, of Interior, Bureau of Sport Fisheries and Wildlife, Sp. Sti. 
Rep.. Wildlife No. 127,487 pp.

Metcalf, R. L., G. P. Georghiou, H. F. Scltoof, and C. N. Smith. 1969. Screening and laboratory tests for stages I, II 
and III. Cah. O.R.S.T.O.M. (Ser. Ent. med. et Parasitol.) VU: I I 1-19.

Moore, J. B. and S. G. Brceland. 1967. Field evaluation of two mosquito larvicides, Abate and Dursban, against 
Anopheles quadritmculatus and associated Culex species. Mosquito News 27: 105-11.

Muirhead-Thomson, R. C. 1971. Pesticides and Freshwater Fauna. Academic Press, New York, 245 pp.

Mulla, M. S. 1966a. Toxicity of new organic insecticides to mosquito fish and some other aquatic organisms. 
Mosquito News 26: 87-91.

Mulla, M. S., J. 0. Keith, and F. A. Gunther. 1966. Persistence and biological effect of paralhion residues in 
waterfowl habitats. J. Econ. Entomol. 59: 1085-90.

Mulla, M. S. and A. M. Khasawinah. 1969. Laboratory and field evaluation of larvicides against Chironomid midges.
J. Econ. Entomol. 62: 37-41.

Ogilvie, D.M. and J.M. Anderson. 1965. Effect of D D T  on temperature selection by young Atlantic salmon, Sahno 
salar. J. Fish. Res. Bd Can. 22:503-512.

Patterson, R. S. and D. L. von Windeguth. 1964a. The effect of Baytex on some aquatic organisms. Mosquito News 
24: 46-9.

Patterson, R. S. and D. L. von Windeguth. 1964b. The use of Baytex as a midge lurvicide. Mosquito News 24: 393-6.

Porter, C. H. and W. L. Gojmcrac. 1969. Field observations with Abate and Bromophos: their effect on mosquitoes 
and aquatic arthropods in a Wisconsin park. Mosquito News 29: 617-20.

Post, A. and R. Garnis. 1966. Die Empfindlichkeit einiger tropisch Susswasserfische gegenuber D DT  und Baytex. 
Zcit. f. Angcwandtc Zoologie 53: 487-94.

Que Hcc, S. S., R. G. Sutherland, K. S. McKinlay, and J. G. Saha. 1972. Unpublished Results.

Von Windeguth, D. L. and R. S. Patterson. 1966. The effects of two organic phosphate insecticides on segments of 
the aquatic biota. Mosquito News 26: 377-80.

Warner, R.E., K.K. Peterson, and L. Borgman. 1966. Behavioural pathology in fish: a quantitive study of sublethal 
pesticide toxication. J. Appl. Ecol. Suppl. 3:223-247.

Webb. F. E. 1960. Aerial forest spraying in Canada in relation to effects on aquatic life. Biological Problems in Water 
Pollution. Trans. 2nd Seminar Biol. Problems Water Pollut. Cincinnati, 1959, pp. 66-70.

Weinburgh, H. B. and H. D. Pratt. 1962. Culicoidcs: Public health importance, biology, survey, and control. U.S. 
Dept, of Health, Education, and Welfare, Communicable Disease Centre, Atlanta, Ga. 17 pp.

33



Whitsel. R. H., C. Л. Vickery, C. J. Rogers, and C. D. Grant. 1963. Studies on the biology and control of chironomid 
midges in the San Francisco Bay region. Proc. Pap. Л. Conf. Calif. Mosq. Control Assoc. 83-94.

W.H.O. 1966. W.H.O. Expert Committee on Onchocerciasis, 2nd Report. Tech. Rep. Ser. Wld. Hlth. Org. No. 335, 
96 pp.

34



JUVENILE HORMONE ANALOGS THIRD GENERATION PESTICIDES?

Frank F. Strong

University o f  California 
Davis 95616

Fifty-two years ago, when Kopec, a Polish scien
tist, ligated a mature gypsy moth larva and discovered 
that only the anterior end pupated normally, the 
presence of the first insect hormone (brain hormone) 

was established. Shortly thereafter, Fukuda demon
strated the existence of a second hormone (ccdysone), 
without which insects would fail to molt. In the early 
I930’s, Sir V. G. Wigglesworth discovered yet another 
insect hormone which was produced by corpra allata 

of immature individuals; this he named juvenile 
hormone (JH). After this, no major advances were 
made in insect endocrinology' until the late 1940’s 
when C. M. Williams at Harvard discovered that brain 
hormone was the trigger necessary for the release of 
eedysone from the prothoracic glands. A few years 
later, working on a Guggenheim Fellowship in 
Wigglcsworth’s laboratory at Cambridge University, 
Williams found large amounts of juvenile hormone in 
abdomens of male cccropia moths. Upon extraction, 
he obtained a potent concentration of juvenile 
hormone. Meanwhile, in Germany, Butenandt and 
Karlson had succeeded in separating a few nig of pure 
crystalline ccdysone from 2000 pounds of silkworm 
pupae.

With the highly concentrated hormones available, 
physiologists quickly determined that they were 
extremely active on many varied species. Insects 
supplied with excess JH as larvae or pupae did not 
metamorphose or grew into abnormal forms incapable 
of reproduction. In 1955. Williams predicted that JH 
might become one of the most potent insecticides ever 
developed. However, the minute quantities then 
available precluded testing his hypothesis.

Years ago, Wigglesworth noted that high doses of 
farncsol applied topically to larvae had a juvcniliz.ing 
effect. In 1965, Bowers, a US DA  scientist, began 
testing derivatives of farncsol for J II action, and 
discovered that the dihydrochloride of methyl fame- 
soatc (DM F) was 1000 times more active than the 
cecropia extract and suggested that pure JH would be 
chemically similar to DMF. One year later Law from 
Harvard, who also worked with terpene derivatives, 
discovered that simply bubbling HC1 through fame- 
soie acid yielded an oily mixture also 1000 times as 
active as cccropia extract. Now, for the first time, 
experimenters had available enough material with 
sufficient activity to begin testing Williams’ early 
prediction. In fact, Williams himself was the first to 
employ juvenile hormone analogs (JHA), which these 
materials became known as, as an insecticide. He 
found, in 1966, that Acdcs aegy/rti larvae reared in 
water containing 10 ppm of Law’s mixtuic, failed to 
emerge from the pupae.

The possibilities of insect control through hor
monal manipulation, had now reached a feverish 
pitch. The Japanese found naturally occurring ccdy- 
soncs in plants. Slama in Czechoslovakia discovered 
that D M F  would sterilize the male linden bug and it 
could be transmitted vcncrally. Riddeford observed 
that treatment of Oncopcltus eggs with Law’s mix
ture would prevent normal adult emergence. Bowers 
demonstrated an ovicidal effect with some of his 
derivatives. The current pace of discoveries has 
created an excitement and furor similar to that 
experienced by mammalian endocrinologist in the 
late I920 ’s.
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Meanwhile with quiet determination, biochemists 
were working on the hormone structure. In 1966, a 
Wisconsin group, headed by Herbert Roller, announ
ced the identification and synthesis of JH. Shortly 
thereafter, the structure of ccdysonc was reported 
independently by two groups, one from Syntex 
Research and the other from Shering and Hoffman- 
LaRoche. With this knowledge, numerous laborato
ries quickly devised hundreds of synthetic analogs of 
the natural hormones. These analogs vary in biologi
cal potency, stability, penetrating power, solubility, 
and other factors which will eventually effect their 
development as commercial pesticides. O f impor
tance, however, is that many analogs arc considerably 
more active against selected species than the natural 
material. O f particular significance is the fact that 
the Diptcra arc especially sensitive to several JHA.

Around 1969, it became apparent that the poten
tial was greater for JHA to become commercial 
pesticides than for ccdysones. Thus, today we find 
that most major pesticide firms have research teams 
working on JHA. Such companies as FMC, Hoffntan- 
LaRochc, Monsanto, and Stauffer Chemical all have 
JHA in various stages of development. One company, 
Zoccon, Inc. of I’alo Alto, California, was formed 
with the sole mission of developing and marketing 
insect hormone materials for insect control.

A  substantial program was initiated two years ago 
at the University of California to evaluate the 
potentials of JHA for mosquito control. Working out 
of Fresno, Dr. Charles Schaeffer, of U.C. Berkeley has 
tested Z R 5 I5  (Zoccon), R20458 (Stauffer) and a 
lloffman-LaRochc product, both in the lab and in 
small field plots. Dr. Mir Mulla, at U.C. Riverside is 
evaluating various J IIA  in southern California. At
U.C. Davis, we are especially interested in the effects 
of the biotic factors and soil types on JHA in relation 
to control of Aedcs spp. Our program is a continu
ation of one initiated at the University of Manitoba in 
1970.

JHA are nontoxic to mosquitoes (and other 
insects). Applications of these materials to water 
containing larval mosquitoes does not interfere with 
feeding, growth, molting, or pupation. The detrimen
tal effects occur when the adults attempt to emerge. 
With high doses, the fully formed adult will die in the 
pupal case. With progressively lower doses varying 
degrees of emergence occur before death. With very 
low doses, the adult may completely extricate itself

from the exuvia, but dies before passing through the 
tencral stage.

Bioassays o f JHA using mosquitoes are conducted 
with 10-20 selected larvae in 30-50 ml water in new 
unused containers. The analogs arc usually applied as 
technical materials to the water. With such tests, 
concentrations as low as 0.0001 ppm have given 95%  
inhibition. The effective ID 95 of even the best 
compounds however, normally does not exceed 0.01 
ppm for practical purposes.

Under norma) conditions, only the 4th instar is 
sensitive to the JIIA. Treatment of 1st or 2nd instars, 
followed by transfer to untreated water results in no 
inhibition of metamorphosis. Topical treatment of 
eggs before the chorion darkens results in no inhibi
tion-normal adults emerge. The pupae are especially 
resistant to the effects of applied JHA. This is 
probably due to the inability of the material to 
penetrate the pupal integument, rather than pupal 
insensitivity. Some reports have indicated that soak
ing pupae in high doses (100 ppm) resulted in the 
failure of the male genitalia to rotate. We have been 
unable to confirm this. Wc have also been unable to 
induce sterility by feeding adults on raisins soaked in 
J IIA  or by holding adults 5 days on moist, treated 
surfaces before their bloodmeal.

Very little is known about the physical chemistry 
of JH A  when applied to water. Mostly, they arc only 
slightly soluble, around I to 8 ppm. Some workers 
feel a surface phenomena is involved, whereby the 
larvae acquire an inhibiting dose only near the 
surface. If this is so, its impact would be important 
upon these species residing more toward the surface. 
Furthermore, wc know very little about the influence 
of soil type on the bchavior'of JHA when applied to 
mosquito breeding sites. We do know, however, that 
to achieve comparable inhibition when soil is present, 
tire dosages must be increased by 30 or more times 
over those needed in laboratory- bioassays.

Generally, the JHA thus far studied have exhibited 
rather short half lives. Under sterile conditions in the 
laboratory, aqueous solutions have a half life in 
excess of 6 weeks. But under normal rearing condi
tions, with a high microbial count, the half life of 
these materials applied as emulsion concentrates 
ranges from I to 3 days. Work now underway by 
chemical companies and university personnel indi
cates that with new formulations the half life will be 
extended to I or more weeks.
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The JHA  have shown remarkably low toxicity to 
higher animals. The acute oral toxicity against rats is 
in excess of 5000 mg/kilo. Fish (rainbow fry) 
tolerated 10 ppm with no mortality. The effects of 
JHA on non-target species are little known, but 
materials which arc highly effective against mosqui
toes will probably exhibit lethal effects against other 
aquatic Diplcru. I know of no tests that have been 
run against cither Simuliids or Tabanids, but Chirono- 
mid larvae are known to be affected during mosquito 
control activities. The Orthoptera and Hymcnoptcra 

seem to be relatively unaffected by JIIA. At Davis, 
our preliminary results with materials effective 
against mosquitoes show no effects at comparable 
doses on honey bees.

We now ask, “Will these JH mimics really be 
practical for control of biting flics? ” Today the 
answer is a qualified “yes". High physiological activ

ity, low mammalian and fish toxicity, rapid biodc- 
gradability arc some of the characteristics of practical 
pesticides. Estimated production costs range from 
$5 to $30 per pound; if 0.1 ppm will result in 
control, then 0.1 pounds per acre (assuming 5 "  water 
depth) will be needed, making the cost competitive 
with conventional pesticides.

“When will they be commercially available? ’* Wc 
will probably see them available on a limited basis by 
the summer of 1974. There arc numerous problems 
still to be solved, not the least of which is obtaining a 
label. The companies are now gathering the required 
toxicological data and arc frantically working on large 
scale production methods. None of the companies has 
yet had sufficient material for large scale extensive 
field testing. Within a few months, however, suffi
cient material should be available for large scale 
testing; then and only then will wc really know the 
future of juvenile hormone analogs.
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SYSTEMS EVALUATION: ITS ROLE IN ASSESSING AND MONITORING BITING FLY 
RESEARCH AND IN DEVELOPING CONTROL PROCEDURES

W. O. Haute

Canada Agriculture Research Station 
Lcllibiidgc, Alberta

IN T RO D U C T IO N

Control of biting Hies and its computability with 
preservation of environmental quality implies some 
process in management of natural systems. Therefore, 
ability to define, assess, and monitor change in 
quantitative terms becomes the major constraint for 
research and development irrespective either of the 
methods to be applied or o f the complexity of the 
systems to be controlled. As early us 1883, Lord 
Kelvin stated, “ I often say that when you can 
measure what you are talking about, and express it in 
numbers, you know something about it; but when 
you cannot measure it, when you cannot express it in 
numbers, your knowledge is of a meagre and unsatis
factory kind; it may be the beginning of knowledge, 
but you have scarcely in your thoughts advanced to 
the stage of science.” This statement marked the 
beginning of a period in scientific arid technical 
development when a concise, quantitative description 
of natural phenomena became the goal of physical 
scientists. Due cither to the inherent complexity of 
living systems or to a traditional dependence on logic 
and reasoning as a more convenient approach to the 
study of dynamic relationships, biologists have been 
generally reluctant to embrace the mathematical 
method as a fundamental approach in research. 
Notwithstanding the fact that ‘behavior’ of cells, 
tissues, organs, and organisms is fundamental to all 
biological processes, and that this is some reason for 
the continuing role of reasoning in biological study, 
Lord Dunsany has said in reference to reasoning as 
the basis for scientific study, “ Logic, like whiskey, 
loses its beneficial effect when taken in too large 
quantities “

1 believe that assessment and inonitoiing in control 
of biting flies must be considered in the above 
context. For the purpose of this symposium, the 
essential exercise in evaluating the state of our 
quantitative methodology is not a matter of com
prehensive accounting of new knowledge and 
appraisal of techniques; this has been done in a 
number of recent books and reviews (i.c., South- 
wood, 1966. Williams, 1964; Palil cl ai.. 1971). It is a 
matter of re-examining principles in terms of the 
purposes at hand, of appraising their relevance to the 
type of natural system to be controlled, and of 
projecting emphases in future research and develop
ment.

Current Status of Methodology

The importance of methodology in both research 
and operational work on biting flics was recognized 
during the early development of modem pesticides 
after World War II. Uxperimentation, however, lias 
remained empirical, and technical and operational 
evaluation procedures arc still largely ‘ad hoc’. A 
notable attempt was made in 1953 by the California 
Mosquito Control Association Culicidology Com 
mittee to encourage a continuing investigation in 
the development of evaluation methods for mosquito 
populations (Loomisand Aarons, 1953). Thirty-seven 
mosquito control agencies, primarily those involved 
in State subvention piogiams, participated in the 
mosquito density evaluation program. The main 
objective was only to standardize subjective larval 
reports and diverse adult trapping procedures for 
state-wide surveys and assessments of abatement
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practices; but this investigation was one of very few 
attempts on record to develop a quantitative ‘area’ 
approach to population assessment of biting flics, For 
the most part, methodological assessment has 
received little, if any, attention in proportion to other 
aspects of work on biting-fly control.

Meaningful assessment of infestations for practical 
prediction and control must be based on representa
tive numerical estimates of populations. Biting flics 
arc particularly difficult to measure in this respect 
since population densities arc confounded by con
siderable diversity in distributions of numbers in 
space and lime. Few current sampling techniques 
meet the objective of representing numbers of 
individuals in a single developmental stage of the life 
cycle, not to mention true estimates of populations. 
Most ecological studies arc based on the expression of 
a particular activity as an indication of abundance. 
Distributions of species arc complicated by changing 
patterns of behavior, by developmental!}' distinct 
activities associated with different stages in life 
histories, and by wide-ranging dispersal of at least one 
free-living form in the life cycle. Biting fly systems 
arc characteristically unmanageable from a statistical 
point of view either because absolute estimates are 
impractical in terms o f resource expenditure or 
because practical parameters at best arc only in
directly related to population levels through 
expression of specific activities in one nr more but

usually not in all life stages. Four recognized classes 
of estimate applied as examples to the problem of 
sampling mosquitoes (Table 1) illustrate the 
disadvantages. The first is generally impractical in 
terms o f resource expenditure; the second is highly 
subjective in terms of habitat selection and may be 
more representative of foci in space and time than of 
populations or mean density/unit area; the third is 
usually practical in terms of resource expenditure but 
representative of a spécule activity lather than of 
population numbers; and the fourth assumes at least a 
quasi-stability in host-parasite relationships.

A voluminous literature on biting fly research has 
shown little evidence of any change in direction from 
the ‘descriptive biology’ that has characterized most 
fields of entomology during the last two decades. A 
wide range of equipment, techniques and statistical 
methods have been developed for specific research 
activities in a variety of problem areas. These have 
been conveniently compiled in the form of a hand
book by Southwood (1966) describing ecological 
methods pertinent to studies on animals with major 
emphasis on insects. An effective quantitative 
methodology for biting f y  control, however, largely 
remains to be conceived and developed either from 
the current wealth of ‘descriptive’ knowledge or from 
new types of study embracing the mathematical 
method.

TA BLE  1

Comparison of sampling methods for relevance as true estimates 
of the mosquito population

Class
Unit of 

measurement Precision Fxample

Parametric
for

population?

1. Absolute No./iinit area 
(geographic)

Precise in time and 
space

No. of cggs/acrc Yes

2. Population intensity No./unit o f habitat Precise in time and 
space

No. of larvac/pool Correctively

3. Relative estimates No./unit time Precise in time only No. adults/hr 
(e.g., traps)

No

4. Population indices No. of effects, 
products, dam- 
ages/unit area

Precise in space only No. of animals sen

sitized*/! 000 pot
ential hosts

No

*Scrolugical determination
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Relevance of Concepts to a 
Quantitative Methodology

Success or failure of methods depends from the 
outset on the relevance of concepts to the systems 
that they are deemed to represent. Theoretical 
descriptions of the structure of populations have 
generally been approached in one of two ways, either 
through the principle of determinism, which is 
religiously considered by some binniathermticians to 
be the only basis for the mathematical method, or 
through stochastic processes Simultaneous study of 
population dynamics along these two lines has always 
been subject to heavy debate and occasionally has 
culminated in severe controversy over basic param
eters of measurements cf., the significance of 
density-dependent factors in population regulation 
(Thompson, 1929: Nicholson, 1933; Andrcwartha 
and Birch, 1954). Controversial theories in the past 
were too oversimplified to have any serious impact on 
methodology in population assessments. Unfoitu- 
riately, even with growing recognition o f a need for 
generality in population concepts to accommodate 
the diversity o f natural control of insect populations 
(Milne, 1957). approaches to population models have 
shown no change in principle. This led Richards 
(1961) to remark that, “Most population theories, so 
far as they are not purely inductive, arc based on 
imperfect field data that arc not derived from 
planned population studies in which all the relevant 
factors were measured simultaneously. In 20 to 30 
years' time when more of such fundamental studies 
are available, we may be able to discuss our theories 
with more light and less heat." General lack of 
progress in a mathematical methodology for practical 
population assessment is largely due to an inability to 
handle complex variation that is inherent in most 
sampling situations. In this connection, especially, 
biting flics with their broad diversity o f habits and 
habitats are commonly avoided in fundamental 
studies in population dynamics.

Continuing efforts to develop sound sampling 
systems for studies in population dynamics have 
produced some useful guidelines and methods in 
biostalistics (Patil cl ai, 1971a, b). The sequential 
sampling procedure (Oakland, 1950; Mortis, I960) 
was one of several improvements in assessing pest 
density in telation to control measures in which 
operations are contingent on the criterion that the 
pest density has reached a certain empirical level. The 
number of samples taken in this case is variable and

depends on whether or not the results obtained at 
any given stage in the operation give a reliable 
estimate of the frequency o f occurrence of an event 
(i.c , abundance of an insect), lixtensive preliminary 
work, however, must be done on an individual species 
to establish not only its distribution but also the 
generality of a precise type of model in accommo
dating the diversity of environments to be en
countered. In many cases, statistical parameters 
change with density so that most sampling methods 
and their related analytical procedures arc limited to 
specific problems or to particular types of environ
ment. All popular applied biostatistical analyses and 
procedures are empirically based on probabilities and, 
for this reason, have to depend primarily on informed 
assumptions o f how much is known about the life 
cycle, habits and distribution of the species con
cerned. Procedures and methods arc useful if the 
resource input (work involved in sampling) is 
practical in relation to information returned for a 
given level of confidence in the adequacy of available 
knowledge. Overwhelming diversity in the nature of 
insect dispersal has been the major obstacle to 
practical adoption of this type of biostatistical 
approach in studies of blood-sucking flics. Johnson's 
comprehensive treatment of the displacement of 
insects (1969) has informatively documented the 
concept that assessment of airborne populations 
involves a high magnitude of environmental inter
action. Biting flies in particular present additional 
difficulty in quantitative assessment of infestation 
levels since migratory displacements described by 
Johnson for certain groups of insects such as aphids 
are unlikely to be as important or as common in the 
behavioral patterns of licmatopliagous species.

The life table has been emphasized by some 
ecologists as an important entomological innovation 
in understanding the population dynamics o f a 
species (Dccvey, 1947). Because insects lend to have 
discrete gcnciations and their populations arc rarely 
stationary, the age-specific life table which is based 
on members of a population belonging to a single 
genciation has greater application in economic 
entomology than the time-specific one which is based 
on a sampling of age classes at discrete points in time. 
Some tables have been constructed with estimates of 
absolute populations at different stages and combined 
with related records of known mortality factors to 
form what is more aptly designated as a population 
'budget' (Richards, 1961). The difficulty in account

ing for population changes with this type of assessment
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is in having access to all or at least most of 
the life stages for sampling purposes. In this respect, 
the possibility for example of extracting eggs from 
soil as valid samples of a stable stage in the life cycle 
of mosquitoes is not very promising in terms of 
monitoring populations in biostatistically acceptable 
unit areas within reasonable limits of expending 
resources. Moreover, egg density, which is the most 
significant single sampling estimate for population 
potential in a life table or ‘budget’, is still a very 
iiupeifeii parameter of infestation potential for 
biting flics. In temperate climates, it is critically 
subject to the phenomena of ‘arrested development’ 
which ensures survival of the species; hence, depend
ing on weather, it loo can be an extremely variable 
parameter of the ‘fly infestation' for seasonal genera
tions. Estimation of numbers of reproductive adults 
as an alternative measure of predictive importance 
offers less promise with the techniques available so 
far. In most cases, quantitative assessments are 
complicated by atmospheric displacement of the 
majority of individuals in populations. Precision is an 
elusive objective in sampling any single stage in the 
cycle of biting Hies as a parameter of economically 
important infestations.

Future Emphases in 
Quantitative Methodology

Potential in research ami development in any field 
of study usually depends on a combination o f ( I )  an 
effective and systematic organization of resources 
(current work input) and (2) technical innovation 
from the existing pool of scientific and technical 
knowledge. On the basis o f these two criteria, it is 
possible to project some new approaches to an 
evaluation of control systems for biting flies.

Л considerable knowledge of biting flics has been 
accumulated and more is continuing to be developed 
in the traditionally descriptive form of natural 
history, function, and bionomics of species. Because 
of diverse habits and distributions associated with 
biting fly life cycles, increasing emphasis and effort 
must be directed to the elucidation of systems 
relating to reproduction, to habitat selection and 
related aspects o f environmental infestation, and to 
host attraction. These must be considered as inter
dependent processes in the main problem of dispersal 
and displacement of populations. Stochastic processes 
in modelling are more likely to form useful bases for

systems evaluation in this respect than the con
ventionally rigorous deterministic models in classical 
mathematical methods. Mathematical models, by 
their nature, over-simplify and hence distort complex 
interacting systems that they arc intended to 
simulate. Tlus is particularly true o f deterministic 
models and it is essential that the assumptions made 
are clearly defined in terms that arc relevant to the 
system studied. Stochastic models are more adaptable 
to discrete sub-systems which, once designed and 
validated by experiment, can be integrated and easily 
modified, if necessary, to simulate progressively larger 
natural systems as capabilities develop in research and 
technical activities.

It is obvious that to evaluate biting fly control, the 

mathematical method and related quantitative 
attempts to model real systems for the purpose of 
assessment and monitoring must be clearly oriented 
to the problem of adult dispersal. Atmospheric 
displacement and its relation to breeding sources is 
the key system to be elucidated, defined, and 
validated for any management or development 
scheme irrespective of its dependence on chemical, 
integrated, or any other type of control. Biostatistical 
methods have a continuing practical role in the 
evaluation of discrete mechanisms governing integral 
physiological and ecological processes; but a new 
strategy of assessment must be based on operational 
models of more complete systems or functional 
sub-systems. The modelling process in this ease must 
have a built-in system of continuous assessment 
containing clearly specified criteria which are relevant 
to equally clearly specified objectives for the manage
ment or control of the natural system, i.e., control of 
biting flics. This implies primarily that continuing 
studies be justified by ‘deeds’ (in terms of technical 
control or management of the ‘fly* system) rather 
than by ‘words’. The point is that simply acquiring 
data on any system, mechanical or natural, and 
subjecting mechanisms to endless tests of precision 
will not lead automatically to the kind of under
standing that enables knowledgeable control or man
agement .

Systems Analysis and Model Building

The purposes of assessment and monitoring in 
abatement of biting flies are served most appropri
ately in a simulation of the particular natural systems
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that wc wish to control. The problem is more 
fundamental than the development of efficiency and 
sophistication in sampling techniques, analytical 
methods, and biostatistical procedures. It is posed by 
the fact that, in spite of the vast amount of 
descriptive knowledge available on biting flics, we arc 
unable to state the relevant biological phenomena 
(processes) in a quantitative manner so that we may 
exploit existing mathematical methodology in its 
fullest capacity. It is important to note that pro
cesses. not structure, characterize the system. The 
aim is to seek appropriate degrees of realism, gener
ality. and precision in the systems model (Levins, 
1966). Since these three characteristics tend to be 
mutually exclusive, a compromise has to be struck at 
successive stages of development and evaluation in 
terms of the intended function of the model.

If  the two criteria already stated are valid for 
increasing potential returns ш research and develop
ment. it is possible in genera) terms to conceive key 
processes, such as dispersal from breeding areas and 
atmospheric displacement, as integral parts of a 
simulator model for control of biting flics in a natural 
environmental system. The utility of a ‘simulator' as a 
working tool in cither research or development 
depends essentially on a distinction in the conception 

of the ‘model’ between scientific and purely 
mathematical strategies (i.e., between stochastic and 
deterministic processes). It requires selection of the 
essential criteria to achieve acceptable levels of 
practical correspondence between ‘control’ and 
‘natural’ systems (Fig. I). Simulators are usually 
conceived to have their own feedback systems so that 
the model becomes self-regulatory and is programmed 
to mimic the system after which it has been designed. 
The perfect numerical simulator in this ease would be 
expected to have its own system of feedbacks (to be 
added at Level A. Fig. I)  which mathematically 
mirrors the natural system of biological processes 
(Level C, Fig I). This concept is undoubtedly 
idealistic and too complex to contemplate from the 
point of view of practical operations. It is the type of 
concept that would have to be considered in the 
ultimate ‘management’ of pest populations on a large 
geographic scale; but it is unnecessarily sophisticated 
for the purpose of assessing or monitoring progress in 
a biting lly control program in the present slate of 
our knowledge. Therefore, there is an important 
immediate need now to measure the indicators 
directly related to the practical outcome expected in 
control programs. These measurements must be

simulated essentially in the form of integrative 
processes (Level A, Fig. I)  for the purpose only of 
evaluating progress in technical capability. Decision 
making and judgment in scientific and technical 
activities are essential in the continuous evaluation of 
the control system (Level B, Fig I). They depend on 
the ability of scientists and technologists to select 
appropriate natural processes (Level C, Fig. I), the 
minimum number of which are likely to provide 
assessments with acceptable limits of confidence on 
the basis of current knowledge and capability. Much 
of the activity in assessing even relatively uncom
plicated systems such us control operations with 
synthetic chemicals must continue to be largely trial 
an^ error with a one-way input at the decision
making level (B). Meaningful practices in assessment, 
however, must begin to reflect simulator design with 
some relevance to practical affairs as defined in living 
systems. They must involve function in processes, 
strategy in structure, and a clearer picture of the 
outcome of interactions in integration. Shortcomings 
in research and development, if they arc to be 
pointed out for control o f biting Hies, have to be 
expressed as a lack o f assessment so far in terms of 
strategy and outcome of interactions, both of which 
contiibute to ‘effectiveness’ as distinguished from 
‘efficacy’.

Organization of Simulator Systems

There is no limit to the size of a system (Miller, 
1965). Therefore, the amount of functional or
ganization of available scientific resources and tech
nical capacities to achieve control in the simulator 
model determines the practical size and structure of 
the system to be simulated and evaluated. The 
objective may involve any number of interrelated 
sub-systems conceived as integral parts of the ul
timate system. If ‘dispersal of biting flies’ is con
sidered as the ultimate or some penultimate to 
antepenultimate stage of the systems simulation, 
then sub-systems might be associated with processes 
already elucidated such as hygrothcrmal con
ditioning of flight activity in mosquitoes (Fig. 2) 
(Haute, 1966). Vertical distribution, migratory dis
placement, emigration, immigration, emergence, and 
diel cycling of activity arc a lew other relevant 
processes already described for various insects 
(Johnson. 1969). When compounded, these pro
cesses obey the natural laws appropriate to a 
collective system that is quite different from that of 
the individual organism in experiments. Therefore,
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A M e iH u r  aodsls developed 
to  f a c i l i t a te  'ev a lu a tio n ' 
o f tho control ayatea, 
l .o . ,  to  provide e ffec tiv e  
procedures to  'a ssess  or 
c o n lto r ' technical control 
of tho natural ey ttea .

^Processes in  environ- 
aental q u a lity  of 
unknown consequence. 
( In  the operation of 
a 'co n tro l s /s te s ' 
fo r  t i l in g  f l l e e . )

H  —  —
Model s tru c tu re  detem lned 
by se lec tio n  of 'e sse n tia l 

■S c r i t e r i a ' .  Levai c f focus 
for the principal decl- 
eien-oaking process.

Some known processes In 
the  'n a tu ra l eystea '
I I l f s  and snelrenaent) 
which, when Intagrated 
with th e i r  re le ted  feed* 
back» and in te rac tio n s , 
aay produce d iffe ren t 
o rders of consequence In 
the 'co n tro l e y ttea ' 
depending an the type 
and nusfeer ccaMned for 
'a tte s te e n t*  or 'a o n l-  
t o r tn g '.

S latu ral ays ties conceived to  eebrace dsvolopaent, reproduction and d leperta l In populatiana.
‘ Processes In onvlronaental Quality Include p o llu tion  ( s o i l ,  a ir ,  v a lo r) , energy tra n s fe r ,  n u trien t tra n s fe r , chealcal degradation, e tc .

Designed sp ocicically  
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casses. Technology deaands 
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'c o n tro l ' in an operational 
eyetta.
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lator* determined by stra tegy  
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Improve government of natural 
systeas. C rite r ia  of sea* 
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sc ie n tif ic  knowledge and 
theory. Research and daval* 
opcrr.t tend to  is^ ia a is e  
'p re c is io n ' t s  an ovor-rldlng 
condition In recording 
'd e sc r ip t iv e ' knowledge. 
Stapling techniques and 
s ta t is t ic a l  asliiods t r a d i 
tio n a lly  designed fo r pro* 
cesses a t  th is  le v s ! .

Fig. /. Simulation o f  'control' and 'natural’ systems and its relation to the problem o f assessing and monitoring effectiveness under the influence 
o f essential life processes in the environment.
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Fig. 2. A psychromctric diagram o f response to 
hygrothennal conditions which represents 
mctcorotropism as one o f the processes con
tributing to an integrated model for numbers 
o f active mosquitoes.

the decision on the size .o f the system to be 
evaluated with the resources available depends 
initially on an organizational capacity to identify 
the most essential component processes for the 
purposes at hand. The next step is to structure the 
system as a simulator model in which ‘control’ can 
be evaluated for purposes of cither research or 
development. The main advantage in assessment 
procedures based on this principle is that serious 
gaps in our knowledge of relevant processes become 
apparent immediately; in the same manner re
dundancy of certain types of ‘descriptive’ work is 
identified and eliminated in favour of more essential 
requirements. Successive evaluations and tests of the 
system must always contribute to improvement in 
system control and related scientific and technical 
capacity.

The main implication in the organizational struc
ture for this approach is that the majority of 
workers would have to be attuned to the role of 
identifying key processes in the natural systems 
with which they are associated. The customary 
individualized approach to science and technology

would have to give way to organized collective 
programs focused conscientiously on the key natural 
systems.

Technical Innovation

Implementing an organization of simulators for 
assessment of biological systems such as dispersal of 
biting Hies would depend on two technical capacities. 
One of these must accommodate an automatic 
sampling operation for the minimum initial complex 
of processes included in the model; the other must 
facilitate mathematical methods in the statistical and 
structural assessment of combined processes in 
predicting, testing, and controlling the system.

Since comprehensive simultaneous modelling of 
several processes compensates for reduced precision 
in the individual components, it is theoretically 
possible to dispense with a specification of absolute 
samples in favour of relative estimates based on 
activity. This option has a logistic advantage since 
new electronic capabilities offer limitless possibilities 
to the innovative technician. For example, automatic 
electronic counters and recorders for flying insects 
contacting an attractive surface ot entering a standard 
air space arc all technically possible to equip large- 
scale realistic simulators in outdoor laboratories. The 
compromise in this case is advantageous for the 
purpose at hand since a model designed to test 
alternatives in control (or management) of the natural 
system generally sacrifices precision to gain realism 
and generality. From this point of view, sampling 
requirements may be met with modest resources that 
arc appropriately organized and allocated.

In the case of the second requirement, biologists 
have'failed to capitalize on the powerful techniques 
already available in mathematics and computer 
science. The current knowledge in these fields far 
exceeds our capability to articulate relevant biological 
processes in a quantitative form. Humble beginnings, 
however, arc being made in simple simulator models 
for biological application. Some of these have already 
been directed to the general problem of dispersal of 
animals among units of discrete habitats, a process 
fundamental to natural population systems (Kitching, 
1971).

For the traditional biologist, initial exposure to 
the systems approach conjures up a formidable 
mathematical methodology to which he is not
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attuned and for which he feds an inability to master 
Nevertheless, the main problems will continue to be 

biological rallier than mathematical or com
putational, since keen biological insight will be 
necessary to define the processes in a meaningful way 
and to design structures to relate them in control 
systems. In litis case, powerful computer techniques 
may not have to be adopted necessarily in the form 
of highly involved mathematical matrixes. Graphic 
forms of simulator models are already the subject of 
serious study (Pittcway, 1972). Early algorithms were 
prohibitively slow with required computer lime 
varying as N ? where N is the number of objects to be 
processed. Recently, pictures o f increasing com
plexity arc being processed with greater speed and 
efficiency and have included the calculation of 
processes varying from the Fourier transforms to the 
sorting of trees. It is not difficult, for example, to 
conceive of a perspective computer drawing of 
mathematical surfaces (Fig. 3) as a three-dimensional 
representation of mosquito abundance for automated 
electronically instrumented geographic areas as 
mentioned earlier. One picture in this case is poten
tially more informative as part of the systems 
approach than thousands of words from traditional 
descriptive biology. Moreover, where related proc
esses such as vertical distribution o f mosquitoes and

Fig. 3. A computer drawn surface.

atmospheric circulation arc linked by computer plots 
in appropriate lime scries, we are beginning to assess 
the functional relationships that govern outcomes o f  
natural systems. When the traditional biologist dis
covers the art o f this new type of quantitative 
methodology he will undoubtedly be less apprehen
sive of the mathematical approach as advanced by 
computer sciences. We are more likely also to be 
achieving the real objectives of our research and 
development activities.

SU M M A R Y

A systems approach is considered to be the only 
promising option open to research and development 
for an advance in control of biting flies. Sophistica
tion of quantitative methods of assessing, monitoring, 
or testing control and management is best achieved 
with modern techniques as an integral part of a 
simulator model combining essentia! biological proc* 
esses as characteristics of natural systems. The 
objective should be to develop functional models 
which assess functional relationships that govern 
outcomes of natural systems instead of continuing to 
produce descriptive models which assess precision in 
measuring outcomes o f function in natural systems. 
This change in emphasis depends on the adoption of a 
strategy that converges on control (or management) 
capability.

Some implications lor developing a more effective 
quantitative methodology in the new approach are:

(1) Simulator models must be isomorphic in terms 
of control strategy so that sub-systems may be 
individually tested and evaluated for successive in
tegrations into larger manageable systems.

(2) Relevant biological phenomena or processes 
must be articulated in quantitative terms to embrace 
(he technical advantages generated hy mathematics 
and computer science.

(3) Some of the precision traditionally demanded
in the description of function must be compromised 
for generality and realism in simulator models to 
facilitate appreciable measures of control in the 
natural systems. »

(4) Essential processes as represented by sub
systems must be identified at each stage of develop
ment in expanding control of the system.
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(S) Emphasis on ‘descriptive' work will have to be 
reduced in order to sustain an increased effort in 
identifying essential relation»! structures of processes 
for integration.

(b) The mathematician is concerned with general
ity in the form of a statement; the scientists with 
generality in its content. The first generality is one o f 
language and the second one of fact. Therefore, the 
mathematical method, insofar as biological assess
ment is concerned, has potential advantages for 
precision and conciseness in ‘control* systems. These 
potential advantages, however, will not produce 
tangible benefits unless they are exploited in accord
ance with scientific rather than purely mathematical 
strategics. Until ‘model’ makers learn this lesson, the 
‘mathematical simulator* seems likely to remain an 
art form rather than a working tool for such 
socioeconomic problems as control of biting flics and 
management o f the environment.

(6) The practice of ‘learning all about’ mecha
nisms has to be replaced by incisive investigation of 
essential processes to facilitate the integrative evalua
tion of the ‘control’ function in the system. This is to 
say that ‘research’ strategy as well as ’development’ 
strategy is aimed directly at control and from the 
outset employs modern principles of control theory.

(7) Collectivized rather than individualized ap
proaches in research will be necessary to obtain 
‘effectiveness’ and to converge on the common goal 
of capability in controlling natural systems.
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INTRODUCTION

The need to preserve environmental quality has 
encouraged the search for alternate means of biting 
fly control that do not involve the indiscriminate 
application of chemical pesticides. Although bio
logical control and autocidal methods involving mass 
release of insects may not be generally practical under 
Canadian conditions, they merit consideration under 
special circumstances.

The effect of a mass release is strongly inversely 
dependent on the density o f the natural target 
population in sharp contrast to the density 
independent effect of chemicals.

Proposed use of any autocidal or predator release 
method against a population of biting flics thus 
requires a knowledge of its density and dynamics that 
has hitherto been generally lacking.

One of the most powerful tools for estimating 
absolute parameters of natural populations of animals 
involves the release and recapture of marked 
individuals. Statistically ideal methods require the 
following assumptions:

1. Animals arc not affected by marks;
2. Released animals mix with the general 

population;
3. The population is sampled randomly with 

respect to age and position in the habitat; and
4. The marked animal has the same probability of 

capture as the unmarked.

All marks probably affect an insect in some way, so 
the ideal is probably unattainable. Tests can however 
show if the effect on survival is significant or not and 
marked individuals should he observed feeding and 
ovipositing in typical fashion.

Femate mosquitoes and other biting insects 
demonstrate a gonotrophic cycle with a period of 
about 3 days. The phase of this cycle profoundly 
alters behavior, especially feeding and oviposition. 
Superimposed on the gonotrophic periodicity of 
behavior arc usually well defined circadian 
periodicities. The simultaneous presence in a 
population o f different behavioral phases can severely 
interfere with the other ideals of the mark-release- 
recapture method. For example, a replete, blood- 
engorged, mosquito may not only show a reluctance 
lo fly, but may rest in a different place from one that 
is gravid or one that is empty and hungry. No method 
seems known which would sample all behavioral 
phases with equal probability. If catch samples weie 
biassed to one or more phases of a physiological cycle 
it follows that the marked and unmarked individuals 
would not be at equal risk in the population. The 
hungry mosquitoes caught and marked yesterday 
would have fed and be less likely to be recaptured 
today, whereas yesterday’s gravid mosquitoes which 
eluded capture would today be seeking a meal and 
probably more readily caught.

Since the physiology of natural populations 
cannot be controlled, the cyclic changes that exist 
can, at best, be exploited by sampling insects in a 
particular phase, and that phase alone. Thus
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McClelland and Conway (1970) caught mosquitoes 
coming to feed and only released fully engorged 
females. Not only was the normal activity pattern 
little modified, but the released mosquitoes, in 
theory, would pass through the complete cycle before 
being at risk o f  recapture. Since this would involve 
their seeking an opposition site and returning to feed 
again, opportunities for population mixing thiough 

normal behavior were increased. Analysis of this type 
of data (Conway, Trpis and McClelland, in press) is 
more complex since probability of recapture no 
longer declines steadily from the date of release but 
shows the modality of the physiological cycle. This in 
itself is valuable as, more important in the case of 
biting insects, it allows the direct estimation of 
frequency of blood feeding (McClelland and Conway.
1970) and hence vector potential.

The simplest experiments based on the Lincoln 
Index require only a single release o f marked animals 
but they do not permit estimation of life-table or 
dispersion parameters. More sophisticated designs call 
for a series of marking occasions (fisher and Ford, 
1947; Bailey, 1952; Joily, 1965) and, for dispersion 
estimates, a series of release sites. Л design calling for 
10 consecutive releases from 10 different sites thus 
needs 100 different marks.

Large animals and even large insects offer fewer 
problems for multiple marking. Dr. Norman Gary of 
Davis has for example glued numbered metal disks to 
bees and such a method might be extended to large 
biting flics such as tabanids or Ghxsina. Working with 
small populations of yellow fever mosquito, Sheppard 
el at. ( 1969) in Thailand and McClelland and Conway 
(1970) in Tanzania were able to hand-paint number 
codes on individual mosquitoes, because single-day 
catches were less Ilian 50. In these cases high 
recapture rates provided adequate data from the small 
samples.

The dense and extensive populations o f many 
mosquitoes, particularly those o f lakes and llood- 
waters and of most of the biting insects of Canada, 
preclude individual handling. Marks need to be 
applied quickly to large numbers of insects cn masse 
in order to yield a useful number of recaptures. 
Known marking substances, however applied, fall into 
three gioups: radioactive trace elements, dyes and 
fluorescent dusts (Southwood, 1966). All three have 
the serious limitation that the number o f clearly 
distinguishable marks is, most optimistically, below

ten. Radioisotopes suitable for marking live insects 
have the disadvantage of short half-life. Neither dyes 
nor isotopes can be identified without special treat
ment. Ait entire catch must be processed with solvent 
or taped to X-ray film in order to recognize a possibly 
minute proportion of recaptures. Fluorescent dusts 
have been widely used and have the great advantage, 
over radioisotopes and dyes, in that marked insects 
can be iccognixed alive by brief exposure to ultra 
violet light. Unmarked mosquitoes in the catch can 
thus be marked and released to increase the efficiency 
of the operation. Again the number of dusts that 
fluoresce well and are distinguishable is less than ten.

M ET H O D S  A N D  D ISC U SS IO N

Rationale

The analytical method used in the present study 
owes its development to the improvement of 
techniques for detecting trace contaminants as 
indicators o f atmospheric pollution. Thus, it has also 
indirectly risen from the need to preserve environ
mental quality.

Minute quantities of heavier trace elements can be 
detected and identified by their characteristic X-ray 
emission spectra when bombarded by alpha particles 
or an electron beam. Suitable trace-element com
pounds can thus be added to a fluorescent marking 
dust in various code combinations. Such elements 
must 1) not be detected in unmarked insects, 2) he 
insoluble, stable and unreactivc, 3) produce 
identifiable X-ray spectra in the presence of X-ray 
emission from the other marker elements, natural 
elements present in the specimen and that from the 
marker dust. Possible trace element compounds arc 
listed in Tabic I in ascending order of approximate 
price.

Table 2 lists the number of different code 
combinations generated by using a different number 
of elements out of u given number of candidates. The 
addition of a constant number of elements provides a 
parity check against missed identifications but if all 
combinations are used the number of codes available 
is much greater. Where zinc sulfide is used as the 
visual marker its presence is confirmed by its X-ray 
spectrum. Naturally occurring fluotcsccncc such as 
reported by Reeves et al. (1948)'thus can cause no 
problem.
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T A B L E  1

Candidate trace elements or compounds for marking

Compound
Relative pi ice 

(5/25 gms)

Relative price 
($/25 gins)

1 Zirconium Oxide 1 8 Cerium Oxide 4
2 Tellurium Oxide 2 9 Selenium 5
3 Molybdenum 2 IU Niobium Oxide 7
4 Bismuth 3 I I  Tin 10
5 Thorium Oxide 3 12 Indium 25
6 Lead ✓ 3 13 Uianium Oxide 26
7 Lanthanum Catbonate 3 14 Silver Oxide 26

TA B LE  2

Number of possible code 
combinations for trace element marking

j No. different trace elements

5____ 6____7 8 9 ___10

1 5 6 7 8 9 10

2 10 15 21 28 36 45

3 10 | 20 35 56 84 120

4 5 15 35 70 126 210

5 1 6 21 56 126 252

Procedure

Mosquitoes are dusted with a mixture of the zinc 
sulfide powder found to be brightest by Bailey et al. 
(1962), llelecon® no. 1953, and the appropriate trace 
elements, each in an atomic ratio of about 1:100 to 
the zinc. This ratio was found by preliminary tests to 
be the minimum for reliable detection. However, 
some elements which have a lower probability of 
X-ray emission must be added at higher proportions.

For decoding, maikcd mosquitoes arc killed and 
fixed on sheets of .25 mil mylarô) Him. Protected 
in this way they can be kept indefinitely since the 
atoms arc completely stable. Field work and code 
analysis can thus be conveniently separated in space 
and time yet the progress of an experiment is known 
immediately from the recapture rate. Although trace- 
clement analysis of an individual mosquito is 
relatively costly and requires the facilities of a 
cyclotron, it should be remembered that only known 
recaptures arc tested, so no time or money need be 
wasted on unmarked insects.

When the samples ate ready for testing at the 
cyclotron they are mounted on a rotatable target 
wheel or other sample changing device, inside a 
vacuum chamber in the path of a focussed-beam o f 
alpha particles generated by the cyclotron. All the 
atoms in (lie path of the beam emit X-iays. Fach 
clement produces a characteristic spectrum which 
peaks at certain energies. The X-rays arc detected by 
a silicon/litluum device and the photon counts o f 
X-rays at each energy arc integrated through time by 
an on-line computer which can also control the 
duiation of counting until all marks are dis
criminated. The longer the sample is analyzed the 
belter the different energy peaks can be distinguished 
from background noise. Futhermore, since the 
process is non-destructive, the same sample can be 
analyzed again if initial results arc equivocal. Fig. 1 
shows a typical spectrum of a marked tnnsquiln. The 
lighter elements, Hydrogen, Carbon, Oxygen, 
Nitrogen, Sodium, Calcium etc., naturally occurring 
in the insect tissue and the zinc of the marker dust 
generate a lot of lower energy X-rays. The higher 
energy part of the spectrum however is largely empty 
save for,system noise and the trace element spectra. 
Sensitivity can be improved by the use of appioprialc 
filters to cut down unwanted parts of the spectrum.

Although our technique has not yet been tested 
in the field, published data for trials using zinc sulfide 
dusts alone are extensive (Southwood, 1966). The 
small amount of each compound needed relative to 
the zinc sulfide dust, and (lie non-reactive nature of 
our candidate substances, suggest that these 
compounds would not greatly alter behavior or 
increase moitality. The preliminary results from our 
survival studies tend to verify this suggestion.
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Ch a n n e l  num ber

Fig. I. X-ray fluoré went spectrum o f  mosquitoes 
dusted with zinc sulfide and trace quantities 
o f Uranium, Niobium and Molybdenum.

Although there was some difference in survival 
between unmarked controls and dusted treatments, 
there seems to be no significant difference (at the $ 
percent level) between the treatments with tine 
sulfide only and those using trace elements in 
addition. Attempted feeding and opposition lias been 
observed in all lest groups, suggesting that tagging 
interferes little with behavior.

SU M M A R Y

Two new approaches to mark-rclcasc-recapturc 

studies o f biting insects are suggested.

1. The selective sampling of a particular phys
iological phase.

2. The use of fluorescent dust together with trace 
elements to permit mass-marking with a large 
number of distinct codes.

The method is appropriate for extended field use in 
remote areas.
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D ISC U SS IO N

Discussion Leader........................ R. Prank
D iscussants................................ C. R. Harris

M .S.M uIla

Frank: This morning Drs. IVnvost and Hocking very 
ably defined the problems of ‘biting* flics in human 
society. These pests not only cause annoyance to man 
and his domesticated animals, but also cause human 
distress and the death of livestock. Dr. Provost 
pointed out that ‘biological man wants to control 
biting flics but rational man also wants environmental 
quality and reconciliation becomes the order of the 
day'.

Bach speaker outlined guidelines on the approach 
to biting fly control that, if integrated, could ration
alize our appioach to the problem. Dr. Provost felt 
that the environment wus made up of several com
ponents each requiring different degrees of control, 
liis categories were the home (indoois), the home 
surroundings, and the urban, rural and wild environ
ments. Dr. Hocking felt that the approach to biting 
tlics could be pursued down three avenues, fly 
population control (larva or/and adult), personal 
protection, or an integration of the two methods. The 
‘biting’ fly pests in Canada were primarily mos
quitoes, blnckfly and tabanids. It was lamentable to 
hear of promising programs that had been terminated 
over the years since the late forties (sec Dr. Docking’s 
paper).

Л few speakers referred to some basic studies but 
most involved applied research. Traditionally man has 
attempted to control his pests without first con
ducting basic studies into the behaviour of the pest 
and the pest-predator-parasite relationships. Only 
now is research being carried out in agriculture to 
integrate natural and technological control methods. 
It would appear that much work is needed on basic 
studies into the behaviour of biting flies.

Tire biting flics of northern Canada might be 
looked upon as ‘protectors’ of the environment. They

have effectively prevented man's invasion of the 
wilderness and in so doing have helped to preserve the 
natural environment. The tsetse fly of Africa can also 
be credited with preserving lire sanctuary and the 
lives of many wild mammals that would have other
wise become extinct.

Chemical control presents a short term method for 
fly population control on small areas at relatively low 
cost. Unfortunately, all too often the short term 
benefits do not outweigh the long term costs. There 
were two speeches on this» topic and it is evident that 
we still adhere to a ‘squirt and look* philosophy. The 
aquatic environment is probably the most delicately 
balanced of all environments and is therefore the 
most easily disturbed. More study is required into the 
impact on non-target organisms when chemicals are 
introduced into water. Studies arc all too frequently 
conducted on single organisms o f the system but 
rarely on the system as u whole. It should be pointed 
out that systems vary considerably from location to 
location. As noted in Dr. Saha's paper, pH of the 
water has a profound effect on the rate of degrada
tion of organophosphorous compounds. In Northern 
Ontario with the fallout of sulfur compounds, the pH 
of many lakes has dropped from 5.5 to about 4.0 in 
a matter of 10 years. This in itself would greatly 
change the degradation rate of an introduced chemi
cal insecticide.

( shudder at the use of D D T  on particulate matter 
especially in the northern areas where water is 
pristine, cold, and often flows through deep lakes. 
Experience in Ontario shows that the use of only 
minute quantities of DDT in the Muskoka Lakes or 
James Bay has resulted in persistent residues that arc 
predicted to remain for long periods. In the wanner, 
polluted rivers of Southern Ontario where large scale 
use of D D T  has occurred over land, residues appear to 
be degraded rapidly and even recently applied D D T  is 
alicudy largely degraded to its metabolites. Use in the 
northern region of the Province has been mainly over 
rocky surfaces where most finds its way into the
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aquatic environment and appears little changed in S 
years. In the southern area, the major portion used is 
held by soil and converted to DDE and only finds its * 
way into the aquatic environment when soil is 
eroded. Laboratory studies reveal that chemical 
pCSlicidci iu pulluied water ate more rapidly
degraded than those applied to cold, pristine water 
(e.g. 2,4-D). Hence cate must be taken in assessing 
degradation under field conditions and extrapolating 
it to the general environment.

Dr. Strong outlined the advances made in the use 
of juvenile hormone analogs for biting fiy control. 
The specificity of these compounds would indicate 
that the number o f non-target organisms that could 
possibly be affected would be few compared to the 
numbers affected by the bioad spectrum insecticides.

As a rational approach to biting fiy control, I 
propose the following scheme as a guideline:

1. I n  the h o m e  -  The need here is for complete 
eradication. The approach would include the use of 
screens to prevent entry of insects and insecticides to 
kill those that did gain entry; DDT might well have a 
place in this situation. These will, by necessity, be 
adulticides and will not impair public health.

2. T h e  h o m e  su rro u n d in g s  a n d  (h e  u rb a n  env iron• 
m ent  — These environments arc managed and con
trolled by man; hence, more rigorous methods o f  

control arc possible. Here mechanical, chemical and 
biological control might be undertaken in an attempt 
to eradicate fly populations. The nearness to human 
habitation will mean adulticides will make up the 
backbone of the insecticides used. Some use for 
larvicides can be made in non-drinking water.

3. T he  m ra l en v iro n m e n t  -  The area is much too 
large to attempt eradication. Hence a less rigorous 
system of integrated control by cultural, mechanical, 
chemical and biological methods should be made. In 
rural areas surrounding urban centres, larviciding will 
ptobably be of considerable value, adulticiding will 
largely be used for clearing space of biting flics 
around dwellings.

4. W ilderness e n v iron m en t  -  If  the wilderness is 
to be preserved as long as possible, it seems inadvis
able to larvicidc or adult icicle in these areas. The area 
is huge, the cost would be enormous, and the result 
would be to bring this environment under man's

management. It would appear that personal protec
tion is the most desirable approach to the problem. 
Local adulticiding programs in the immediate 
environment of humans at work or at sleep is 
acceptable.

The use of repellents, protection kits, and possible 
sex attraction traps could be further investigated for 
wilderness use. It would appear better to protect man 
from the biting fiy and thus preserve the wilderness 
than to subjugate the wilderness by controlling biting 
flies.

The degree of control of biting flics should vary 
according to the habitat from a policy of eradication 
in the home lo a policy of personal protection in the 
wilderness environment.

Harris: ll is apparent from the papers given in this 
Section of the Symposium and in those lo be given in 
subsequent Sections during the next 2 days that 
research in biting fiy control is moving ahead on 
several fronts, i.e. chemical, cultural, and biological 
control, and personal protection. Exciting advances 
are being made, particularly in the area of “biological 
control.” However, one point is very noteworthy, i.e. 
most speakers including those involved in biological 
control have made reference to the fad that these 
newer techniques will, of necessity, have lo be 
integrated with some form of chemical control.

The fact is, that chemical control of biting flics 
will remain in the forefront for many years to come. 
Thus, exciting as the new approaches lo biting fly 
control may be. wc must continue to give equal 
priority and emphasis !o research on the control of 
biting (lies by chemicals. Unfortunately in Canada, 
this area of research is being sadly neglected.

In the past, in Canada, biting flics were controlled 
with the organochlorinc insecticides, particularly 
DDT. I am sure that everyone here is aware of the 
environmental problems which have arisen as a result 
of the extensive use of DDT and I need not dwell on 
them lo any great extent. However, I was concerned 
with comments made by several of the speakers today 
in which they tended to shift major responsibility 
for DDT pollution on to its extensive use in agricul
ture and forestry. For example, Dr. Provost, stated 
that “Possessed of a miraculous tool in DDT. dis
regarding numerous warnings, man proceeded to use 
it recklessly, killing their natural enemies along with
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I he pest* and generally ignoring (he biosphere and 
man's place in it. Although this charge can be more 
deservedly levelled against farm and forest use of 
DOT, (he control of biting insects was far from 
blameless.'' To this last statement I must take 
exception. Certainly agriculture and forestry' have 
contributed to the DDT problem. But, for ptiruc 
examples of reckless use of DDT in Canada, one must 
only look at the biting fly control picture over the 
past 2 decades to realize what uncontrolled use of 
insecticides can do. Hoi example, in Ontario, DDT  
has been used extensively in the tobacco-growing 
areas for many years, primarily for cutworm control. 
Residues in these light, sandy soils average .1.2 ppm. 
DDT was used up to and including the year 1971 
until satisfactory replacement insecticides were 
registered for use. This area of approximately
100,000 acres lies within the Big Cteek watershed 
which drains into Lake Erie. For several years. Mr. J. 
R. W. Miles of our staff has been monitoring DDT  
residues in water in Big Creek. His information 
indicates that in 1971 an average of 2/10 of a pound 
of DDT/wk entered Lake Erie from Big Creek. By 
contrast, in the Muskoka resort area of Ontario, DDT  
was used extensively for biting fly control up to 1966 
and officially has not been used since then. A study 
by Mr. Miles in 1971 flowed that DDT entering Lake 
Huron via the Muskoka river system averaged 2 
lbs/wk. In other words, the use o f DDT for biting fly 
control in this resort area up to 1966 was still 
contributing lOx the amount of DDT  as compared to 
the tobacco-growing areas where this material was 
still in use in 1971. Other studies have shown that 
residues in fish in Lake Eric arc much lower than 
those found in fish in Lake Huron. Clearly, in Ontario 
at least, and I suspect elsewhere in Canada, the use of 
DDT for biting fly control has been a major con
tributor to the problem of DDT  pollution of the 
environment.

Because of the environmental problems caused by 
sonic organochlorinc insecticides, drastic steps have 
been taken to restrict their use, and substitute other 
compounds. At present, these substitute materials, 
with the exception of methoxychlor, arc either 
organophosphorus or carbamate insecticides. A 
number have been mentioned by Drs. West and Saha 
today which are cither being recommended for use, 
or show promise in experimental studies, c.g. mala- 
thion, Abate (Ю, chlorpyrifos, fenthion, Baygon 
dichlorvos.carbufuran.and several others. In addition, 
as discussed by Dr. Strong, another group of chemi

cals, (lie juvenile hormone analogs also show promise 
in experimental laboratory and small scale Odd 
programs. It is encouraging that effective alternative 
chemicals ate being found. However, it is discouraging 
to note the rallier off-hand approach which re
searchers are raking with regard to (lie persistence and 
metabolism of these newer organophosphorus and 
carbamate compounds in the environment and their 
potential side effects. It is a common assumption that 
the new insecticides ate easily biodegradable and thus 
will nor result in any unwanted side effects. However, 
the facts arc that wc have very little information on 
the persistence, metabolism, or side effects of any of 
these compounds, particularly under Canadian condi
tions. Procedures for extraction, cleanup, and analysis 
arc, in must instances, inadequate. Experience in 
agriculture und foiestiy has already shown that some 
of these compounds are more persistent than ex
pected, that some are metabolized to other toxic and 
more persistent metabolites in soil, and that some 
also markedly effect non-target organisms. There is 
no reason to believe that the situation will be any 
different when it conics to biting fly connu). The 
situation with juvenile hormone analogues is similar. 
It must be remembered that these arc basically 
organic compounds, und the questions raised with the 
organophosphorus and carbamate insecticides apply 
equally well to this new group of organic chemicals.

In concluding my remarks., I would like to 
reiterate my statement that organic insecticides will 
remain in the forefront for biting fly control for 
many years to come, and I would like to put forward 
the following suggestions:

I ) That, in Canada, financial support of the biting 
fly research program should give equal con
sideration to the development of effective 
chemical insecticides us to other promising 
approaches to control such as biological con
trol and personal protection.

2) That major consideration be given not only to 
finding effective chemicals and formulations, 
but also to determining the fate of these 
compounds under Canadian conditions. There 
is virtually no work of this nature underway at 
the present time.

3) That effective legislation, based on sound 
scientific reasoning, rather than political con
sideration, be developed to control the use of 
insecticides used for biting fly control.
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Multa: As a discussant, I ant allowed about ten 
minutes to present ruy ictnarks on the contents and 
subject matter o f the papers presented today by a 
group of scholars and scientists, cacti one o f whom 
have attained world renown in their Held of interest. 
It therefore will he difficult fut ;nc to add anything 
significant to what has already been said and dis
cussed here today. I wilt, however, attempt to shed 
light on certain aspects of medical and public health 
entomology which have not been brought to light 
here, and to add some additional information to the 
topics discussed today especially the one pertaining 
to insect juvenile hormones and other growth regu
lating substances.

In discussing the relationship o f pest control 
methodologies to the environment, investigators 
sometimes unknowingly or intentionally make 
generalizations. It is sometimes slated as all or none 
effect, depending as to who is drawing the conclu
sions. However, in a gathering of this type assembled 
here, I have not seen or corne across such unqualified 
general statements or conclusions presented in the 
papers.

Dr. Provost in his presentation pointed out the 
complexity of environmental problems, the need of 
environmental quality for survival of biological 
systems. He emphasized that the aesthetic and 
cultural significance of the environment is related to 
the interpolation based on values, background and 
experiences of the community and society as a whole. 
Then he expertly discussed the deterioration of 
environmental quality due to various activities of 
mankind for the purpose of procuring food, shelter 
and pleasure.

In discussing the environmental aspects o f biting 
fly control programs, Dr. Provost implied that resid
ual house sprayings with DDT, will enhance rather 
than degrade the environmental quality. In suburban 
and rural areas, biting fly control is a necessity for 
good living and that conservationist and ecologist like 
the rest of us desire suppression of blood-sucking 
insects such as mosquitoes, L c p t o c o n o p s , tabanids 
and others. In wilderness areas, source reduction such 
as drainage, impounding and other practices are 
either impractical or undesirable.

Dr. Provost alluded to the constant level of crop 
damage by insects despite the most modern technol
ogy of insect control. This statement, of course, has

not taken into account (tie tremendous increase in 
monoculture of crops and the rapid transport system 
which aid in the dispersal and dissemination of 
injurious insects. Dr. Provost concluded by saying 
that biting fly problems can be solved to a great 
extent if we ate given the resources and time to 
develop the necessary basic and applied information 
on the biology, ethology and impact of biting dies 
and the overall environmental interrelationships. This 
discussant fully agrees with this conclusion.

The paper presented by Dr. Hocking was full of 
deep thoughts and pltilosophical pronouncements, lie 
implied that environmental quality should be pro
tected at a level which is beneficial to man himself as 
well as animal and plant life. The highlight of his 
presentation was that pest control methodologies and 
environmental quality can he made compatible. The 
use of pesticides should be confined to emergency 
situations while scientists are engaged in developing 
comprehensive knowledge about the complex 
problems. He regretted that at this time as the 
problems of biting flics arc getting out of hand and 
the solution to sonic of our environmental problems 
are greatly needed than ever before, the resources for 
attacking these problems arc badly drying up.

Tills discussant fully agrees with Dr. docking's 
assertions and would like to point out the current 
distressed situation in job opportunities for new 
graduates in all fields of natural, and social sciences. 
We should all work toward the development o f new 
programs in medical and public health entomology 
with a view toward solving some of the most pressing 
and widespread problems of biting Hies which 
adversely affect human health and quality of living in 
wide areas of the North American continent. Those in 
higher positions should be urged to allocate sufficient 
resources to research prngiaius which affect the 
health and well-being of every individual in the 
society.

Dr. Hocking presented some practical and 
economical measures of personal protection such as 
the use of protective clothing, oral administration of 
repellents and use of contact or skin repellents. These 
measures although practical for those who visit or 
stay temporarily in fiy-infested areas, will .not, 
according to this discussant's opinion, work in the 
tropics or elsewhere for people who live in fly 
infested areas for long periods.
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Dr. Hocking ended on (he note that integrated 
control provides the best opportunity and promise 
for biting Пу abatement.

In the area o f chemical control developments, Dr. 
West emphasized the lack of information on Hie 
establishment o f tolerance thresholds for biting flies. 
In the absence of such standards it is difficult to 
attack the problem «I biting fly population m anage

m ent. Tins discussant agreeing with Dr. West, feds 
that establishment of economic levels or  thresholds 
for important human pests is not possible at this 
lime. This discussant, however, after researching the 
problem of aquatic midges in residential and recre
ational lakes in California, has arrived at tolerance 
thresholds of 60-120 larvae/ft* in some lakes. These 
levels of infestation in the bottom mud lead lo  
sufficient numbers of adult midges which become a 
problem to most of the inhabitants on the premises 
located on the shoreline.

Dr. West reported on the efficacy of strip aerial 
application lor black flies and found this method to 
yield excellent control at a rate of I /10 of the total 
coverage. Materials of choice for black lly larval 
control at the present time are: Abate, methoxychlor 
and chlorpyrifos. The former two having a better 
margin o f safety to nontarget organisms. For adult 
control, methoxychlor, malathion, ronncl and 
propoxur are quite effective.

Highlight of this paper was that aerial applications 
of chemical materials for the control of blood-sucking 
(lies has done little damage to the environment. This 
discussant, although concur)ing with Dr. West in this 
regard, feels that the total impact of such treatments 
has scarcely been studied. Much more work is needed 
to assess the ecological and environmental impact of 
such arenwide control operations initiated against 
biting flies.

Environmental impact of pesticides is influenced 
by many factors such as: persistence, stability, 
specificity and biodegradability, as reported by Dr. 
Saha. He reported that DDD has been found in large 
quantities in Clear Lake, California, but only smaller 
quantities have been detected in the St. Lawrence. 
This could be due to the nature of the topography 
and use pattern of pesticides in an area. Clear Lake 
acts as a sink for a large area of tree fruit crops where 
DDT was used in large quantities. In the area most of 
DDT and its relatives are drained into the lake.

Therefore, (he butte of D D E  found in (he lake could 
be attributed to agricultural pest control, rattier than 
(lie control of C h a o b o fu t  a U h to p u t ,  the Clear Lake 
gnat. Dr Saha mentioned a very few cases, where 
btoirtagnification o f nrganophusphate and organo- 
CSJbamaf? tosccUvid4** has <v<uued In research 
conducted by this discussant, parathion and Dursban 
(chlorpyrifos) have been found to magnify in 
mosquito fish tO am hux ia  a ff irm  ) and channel cat fish 
H c ta h trw  p u n e fa tu s ), hut the residues declined 
markedly in J-4 weeks lo insignificant levels.

The paper on the potential efficacy of insect 
juvenile hormones provided some new ideas and 
concepts regarding these materials. Dr. Strong, in his 
paper, reiterated that the molting hormone might 
attract more attention in the future. But the stigma 
attached to steroids might make the practical 
development of eedysone rather difficult. Dr. Strong 
showed several JH-likc compounds to have a very 
high level of activity in the range of 0.1 pph or less in 
the laboratory. It should be pointed out that the 
dosages in the field may have to be increased 100 or.
1,000 fold or suitable slow-relcasc formulations* 
developed which makes the hormone available over 
long periods of time.

Dr. Strong implied that the hormones arc group 
specific; but in the view of this discussant, he is more 
or less considering acute toxicity. This discussant 
feels that little information is available concerning the 
chronic effects of ill  on important components of 
the aquatic ecosystem. The speaker and this dis
cussant feel that i l l  may provide another tool for the 
control of biting flies, but these should not be 
considered as a panacea.

As far as biting fly control is concerned, Dr. C. II. 
Schaefer (Univ. of California, Berkeley) working out 
of Fresno, and this discussant, working in Southern 
California, have studied a dozen or so JH analogues. 
Among these, two compounds have been found to 
manifest the greatest potency. Zoccon ZR-515 has 
been found to manifest high level of activity against 
A vd ex  nigrom aculix, C utex  q u in q u c fa sc ia tm  and C. 
tursalis. Another compound und e r  development by 
Hoffman LaKochc Co. (RO-20-3600) also shows 
good activity against larvae o f  mosquitoes.

Some of the juvenile hormone mimics (insect 
growth régulants) act against a very specific stage of 
development of the 4th stage larvae. The larvae die
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just prior lo completion of pupation or during the 
pupal stage. Other compounds seem to exhibit 
delayed effects even when 1st or 2nd stage larvae of 
mosquitoes arc treated. Whether this is due to the 
stable nature of the compound or delayed effect 
carried over from the earlier instars is not known at 
tins time.

Dr. Haufc's paper on systems evaluation presented 
some complex environmental interactions and 
pointed out the inadequacies of technical evaluation 
and assessment methodologies. He discussed the 
various parameters o f population measurement and 
discussed (he practicability of some available 
methods. He expressed the view that sequential 
sampling and development of information to lead lo 
construction of life tables, arc important procedures 
in assessing natural populations of biting flies.

Dr. McClelland presented some novel techniques 
to measure certain parameters of natural populations. 
The use of heavy metals can ptovide a good tool for 

.-.marking insects for release and recapture. The heavy 
^metals being stable, the marked insects recaptured 

can be stored indefinitely for future study and 
analysis.

From the contents of the papers presented on 
today’s program, it appears to me that there is a 
tremendous lack of needed information which could 
provide a basis for the development and implémenta» 
tion of biting fly control programs. In the absence of 
needed and adequate research programs, the biting tly 
problem and environmental quality will suffer a great 
deal in the future. Time is of essence and a good start 
should be made as soon as possible.

OPEN DISCUSSION

Lefkovitch: I have a couple of comments, one which 
picks up an echo from the whole of today; the 
problem that we ate facing here and elsewhere is one 
of conflicting demands. We want to minimize damage 
to the environment but at the same time to maximize 
human comfort; these two things seem to be in 
conflict. Wc want to gel rid of some of our insects yet 
we don’t want to affect our own and certain other 
populations. Now this is the classic problem that 
mathematicians face in optimality theory, for 
example, the minimnx kind of idea. In this situation 
wc are facing, it might pay off to formulate things 
exactly in this sense. What is it that wc want when we

say ‘‘ininimi/.e damage to environment’’? Wc were 
talking about non target organisms -  do we want to 
minimize the damage there? Do we want to minimize 
the shift in whatever patterns of relationship exist 
between different species, the How o f energy through 
a system? Vou are much better ai expressing this 
than I shall ever be, but tills is the point that I want 
to make here.

The second point relates to Dr. Haufc’s remarks 
and also to general systems models which arc being 
discussed. Systems models, in my opinion, do not 
differ essentially from natural history. They arc, in 
fact, what I think biologists do and have been doing 
from time immemorial. We look at what wc find. We 
look at the relationships between this and that, 
different species or different life stages, what feeds on 
what and how many get eaten and at what rate, and 
so on. This is, in fact, a systems model. Now the 
difference between what is available today from the 
past, and there is a difference, is the degree ю which 
such models can be used, constructed, amplified and 
manipulated; in this respect co m p u te rs  arc an aid, but 
only an aid. There are other methods, but what is 
important, I think, and which can come across 
without computers, is the kind of logical thinking 
that computer science has led us into, both in 
mathematics and in life in general.

One o f  the  things which computer science has 
made possible is extensive simulation. In Dr. Haufc's 
paper, the chart which he handed around contains a 
suggestion of a simulation model. I think, however, 
there is one aspect which is missing; it is that there is 
no feedback between the simulation model and how 
wc might manipulate the environment. One of the 
objectives in simulating a system is to find what l 
shall call sensitive regions. There arc some variables 
that we arc prepared to feed into a system which may 
be relevant and which certainly in the laboratory can 
be shown to bring about a highly effective and 
immediate response. The question that a simulation 
model may answer in terms of (his sensitivity analysis 
is "do these variables come into play in the natural 
environment"? Other variables may take over first. 
Fecundity may certainly be affected, for example, by 
density but in order to achieve that density there 
must have been a hell of a lot of larvae around, so 
many that these larvae would have completely eaten 
the food and subsequently starved to death, so that 
the population would never achieve that density of 
adults which would affect their fecundity. This is the
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suri ol thing. (lut sensitivity analysis ni a simulation 
nu y  show up Those regions of ;i mode! which appeal 
lu have c<hi s u l c f c t f r M .  01 a major effect. upon 
the competing maximizations ami iiiiiniiii/aliuiis Itiat 
we aie trying to manipulate should he found: these 
may tie tile aieas Ini reseatsh and !ui siits^cqnent 
manipulation

A few short iciuaiks m connection with simulation 
arc woitli making. A model ami ils simulai inn seem 
to have become synonymous They are, in a sense, 
but it’s worth distinguishing between two kinds ul 
models, the one winch statist naans call parametric 
models, such as the analysis ol variance, and simple- 
minded linear regression These arc attempts to 
summarize data in help their understanding without 
any pretence, this is the key thing, without any 
pieleme to mimic the biological strut lute of (lie 
situation It is most impoitant not to read anything 
special into these soils of model. They are very 
useful models, we have all used these techniques with 
some success, hut they arc not biological models. Л 
simulation model can also he of a paramedic nahne, 
and can be quite informative. Now the other kind of 
model is what I call a deep model, it is one which m 
some sense tries In mimic die biological processes 
that wc believe take place. Now these are much mure 
difficult to handle, in the simulation sense, but they 
are catainly woitli the effort.

Another distinction between models has been 
made today, namely between deterministic and 
stochastic models in the context of a distinction 
between biumalliematics and bmmatlicmaticians 
Many hiomatlienialiciaiis have ceilamly confined 
themselves to dctenniinslic models and have found 
great difficulty m using stochastic o ik s , in conse
quence, .some have not advocated their use. I would 

say that this is just a deficiency in hiomatheinaticians 
not of hioinatliemalics, thctc is an enormous amount 
of work available in tins field which is perhaps a little 
bit elusive for the nunmathematician.

West: Those ol you who heard me highly recommend 
llaygon as a blacklly adulticide should under stand 
that the registration process is a long one Regis
tration is not easy to obtain these days I lie material 
has to he evaluated m terms of the effectiveness 
claimed foi it as an insecticide. It lias to be acceptable 
to the loud and drug people; it has to he acceptable 
to the llsh and wildlife people and our wildlife people 
have okayed it I am not aware'of a high toxicity of

llaygon to birds, I am noi aware of it ever having 
been used lor killing birds f am aware that a quite 
different compound, if r  organophosphorous com- 
pound Mas lex, is quite highly toxic to buds It lias 
been used 1er killing buds in Atncj. I believe

bettes: In an cuiiiei cu.mimiil. Ihiygon was contused 
with U.iytex and Ifavtex was said to tie also known as 
Iciiitiotlnoii All jrc very different materials and I 
think that this shows that one should be very very 
careful when naming compounds of any kind, 
l enitrotluon is being used ovci some eight million 
acres of foicst this ye,u and it is not a bud killci at 
the recommended application rates.

Frank, from what I lieaid Di. Ilaufc say, titerc* is no 
salistacioiy method mcasuiing a population before 
you start its contiol, su how do you measure it after 
treatment'1 How do you assess whether or not the 
treatment was effeitivr ’

West: The assessment of larval populations of black- 
flies is simplicity itself As a standard sampling device, 
we use a lightweight plastic cone anchored in a 
stream. The larvae attach and can he counted, (n our 
tests, for example, we had cones at one-quailcr mile, 
one-half mile, tlnee-quai lets and one mile down
stream. Counts are made just before treatment, an 
hour after treatment and 24 hours after treatment: 
one can calculate a percentage control figure. For 
adulticidmg we do lauding rate counts for black flies 
just before and after treatment These are not 
absolute ligures, but if for example, you have counts 
of SO insects landing per minute beloie and 5 per 
minute alter treatment, the people that live ami work 
in this area arc quite willing to accept this as an 
indication ot’ effective control. So I think wc have 
excellent methods of indicating whether or not we 
get control with Mctlioxychlm as a larvicide. and it is 
an excellent larvicide. and with llaygon as an adulti
cide

Hudson: I h ive a question for |)r. Stiong. Did any of 
the Imnimne analogues lie tried pmlong the larval or 
pupal stages of llu* mosquitoes'

Strong; No. they did not. Normally speaking, when 
these compounds are applied at generally accepted 
levels, say a tenth of a part pci million and down, they 
interfere in no way with the growth and development 
of the laivae. They do not interfere with pupation, 
they pupate normally, but they fail in emerge 
properly.
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the better compounds and

Smallman We have heard a good deal today about 
the difficulty of dclcnni ting whether a compound or 
a breakdown piuduct is innocuous at some level in 
the ecological hierarchy, and with this m mind I 
would like to ask whether or not the juvenile 
hormone analogues have been studied lot their 
possible effects on microcvustaccans and foi that 
matter on bacteria1' 'I best: would be very important 
effects on the ecology in general

Strung: Yes, they have been to some extent, but I 
know of no published literature in this regard at all. I 
do know that as far as the microcruslaceans arc 
concerned, I myself have tested for direct toxicity, 
not to see what prolonged effects would he observed, 
but for direct toxicity against copcpods and other 
organisms normally found in fresh water aquatic 
systems I found no direct toxicity going as high as a 
thousand parts per million. I cannot answer the 
question what would happen if we prolonged this.

Corbet: In the forthcoming field trials winch you 
intend to conduct using juvenile hormones, how do 
you plan to assess the effects on non-target 
organisms''

Strong: We don't, and the reason that we do not is 
twofold. One, we do not have the manpower to do it 
Secondly, most of oui work will lie in Hooded areas 
(we arc aiming our experiments specifically at 
mosquitoes) and I don't think we have the non-target 
organism problem that we have say in a rice field If 
we do apply this material to rice fields or to 
permanent ponds then we must certainly look at 
non-target organisms.

Mulla: A s Dr Strong mentioned, it is extremely 
difficult to have these compounds evaluated against

the target insects, let alone Ihe non-target organisms 
As far as acute toxicity is concerned, we don’t see too 
much ol a problem because this is not the mode ol 
ait ion of those types of compounds. You have to 
study the long-range effects, the effects on the 
ecosystem dynamics l-oi ihe pasi year and a half we 
have been working with one species ol nuylly In the 
first place, we find no idea how to sample this maylly, 
and secondly, we didn't know how many aquatic 
stages or nymphal instars there were in this particular 
species. The treatments were made with the growth 
regulator ZK-515 in the range of one- to two-tenths 
part per million. These concentrations produced 95 
to 100 per cent inhibition of emergence of 
asynchronous populations of both Culcx tarsal is and 
two or three species of chironomid midges. The first 
few tests showed no toxic effects on the ma> Пу, hut 
now wc arc finding that if you gel (he last nymphal 
instar of the mayfly and isolate this, it is alfcctcd in 
the same manner as mosquitoes and ehirononiids. In 
other words, they do not emerge normally from the 
pre-imaginal skin.

In the field we know (hat the minimum con
centration that we need for 90 percent effectiveness 
is in the range ol 0.1 ppm and this, of course, is 
almost one hundred to one thousand times as much 
as the effective laboratory concentration.

Khan: I would like to know if some information is 
available on the toxicity of juvenile hormone ana
logues to vertebrates, particularly laboratory and 
faim animals'’

Mulla: I don’t believe any studies have been con
ducted on farm animals, but all the toxicity data so 
fai accumulated are on rabbits, mice and guinea pigs.
I think long-range feeding studies are in progress now 
to see if some of these compounds have any 
carcinogenic or other deleterious effects on animals.

Provost: I wonder if there might not be an advantage 
in a half-life of juvenile hormone analogues of two to 
five days, speaking for the environment 1 think that 
yon could probably use these chemicals very effec
tively against Acdcs and some of our Culcx in 
Plorida. This action would soon be gone and your 
chances of getting non-target larval dipterans would 
be very small. But if you go to some chemical which 
is effective for an entire season, sooner or later you 
are liable to hit and kill just about the majority of 
aquatic dipterans, some of which may be beneficial.

60



Strong: If we can extend the life of the material to 35 
days in the laboratory, hopefully wc will be able to 
extend it to say six days m the field. We are a little 
bit short right now, two to tliicc days in the field is 
about a day to a day and a half shorter than we 
would tike tor good control ol Aetfes. It wc сзп get it 
for just another day 01 so longer so that we tan pick 
up those that are in the early tliiids and hold it in the 
Held long enough for them to move into the fourth 
stage and become sensitive, they will pet caught

Service: I'd like to ask Dr. McClelland a question, lie 
mentioned lie had a recapture rate of Ins marked 
mosquitoes, I think he said of 12 or more per cent, 
and if I can remember correctly, this was on Ins work 
in Tanzania. I understand this was a recapture rate of 
mosquitoes marked and then recaptured at the same 
place. I was very interested in this because this is 
quite a high percentage recapture, hi England we’ve 
been inatking mosquitoes but not in quite the same 
fashion. We've been marking them as I call it ‘on their 
birthday', the day they emerged from their aquatic 
habitats We marked them, released them and then 
caught them back at bait and got a recapture late of 8 
or 10 pet cent. Have you any idea as to why you gel 
this ruthei large recapture rate'1 It would suggest to 
me that they disperse very lillle from the area in 
which you’re marking them

I would also like to know, is it possible to 
incorporate the trace elements in paints in marking 
mosquitoes?

McClelland: In answer to the first question, I rcali/c 
that the recapture rate ot I IVi percent was high and I 
have attributed that to the particular habitat where 
we did the study, which was an old junked auto 
dump on the siibuibs of Dai es Salaam with an 
enormous breeding population of Aides aegvpti. I 
have just assumed that this is a faitly closed popu

lation of about one acre and there was very little 
dispersion I would have expected more dispersion in 
your Acdes population in lingland. Regarding the 
second question, I had thought about incorporating 
the trace elements in paint and certainly it would be 
much simpiei to apply just a singjc dab o f paint 
instead of having to worry about putting the spot in a 
particular place. I would say that if your daily 
anticipated capture late was within the bounds o f 
hand marking, (hat tins would probably be much 
more preferable. A mark on the thorax with enamel 
paint would have a less adverse effect on the 
mosquito than the dust

Corbet: First of all, D r Service made a remark in 
connection with the high recapture rate in Dr 
McClelland's marking work. Without knowing of any 
detailed studies that demonstrate lins, I would have 
expected from the synthesis that Johnson has carried 
out on migiation and dispersal in insects, that if 
mosquitoes were marked on their birthday and 
recaptured later, the recapture rate would be very 
much lower than that which Ur. McClelland has* 
described. In many insects the mam dispersal phase 
comes soon after emergence and if mosquitoes were 
being caught at the beginning of a goiiutiophic cycle 
it would seem likely to me that the main dispersal 
phase would already be over. Also I wanted to refer 
to this question of monitoring for effects on non- 
target organisms and I'd  like to recall a discussion 
which the Advisory Committee on Entomological 
Research of the Defence Research Board had about a 
couple of years ago, as a matter of fact. I think it was 
at the same meeting that Dr Hudson referred lu 
when the suggestion of this Symposium originally 
came up, and at that time it was the Committee's 
feeling that monitoring for effects on non-target 
organisms, at least some non-tuigct organisms, i col I y 
ought to be part of the package when a pesticide is 
tested in the field.

SUM M ARY

Rapporteurs ..............J.J. Fettes and I.S. Lindsay

The President of the University of Alberta, Dr. 
Wyman, said something that should be taken 
seriously. He said that we have lost the initiative as 
scientists, and I think wc have, entomologists in

particular have lost the initiative. He said that wc 
have to await a new cycle in science until we get away 
Iront this anti-education feeling. We should try to 
influence that new cycle in some way because we 
seem to he failing to convince anyone that what wc 
are trying to say and do here is important. Wc know

6 1



il is very important, but somehow we arc nut 
convincing those people who have the money nor 
those people who need the service.

We think Dt. Provost was trying to tell us that wc 
must icionufc LUiituti with eiiviiuiiint-nui quality 
and also that, in many situations, D D T  was an 
enhancement of the environment. We need new 
methods for gathering moic sophisticated knowledge 
of the total environment thtougli research, and we 
have to find out some way of communicating with 
the layman. Dr. Provost ended by saying that it is the 
ethics of science and not the science of the environ
ment that wc ate thinking o f here and that we need 
doom-challenger, rather than doom-saycis, and in this 
case the entomologists have got to be those ehallen- 
gers.

Dr. Hocking emphasised the need for the 
definition o f a number of terms, paitindaily that of 
‘‘environmental quality". He asked such questions as 
‘how clean.' ’ and ‘for man and also for plants and 
anim als '' lie cinphnsi/ed the need for an improve
ment in communications between the scientists, 
developers and, of course, the public and the press. 
My own experience (I.S.L.) lias been that this 
communication to these agencies from scientists in 
entomology is one that requires constant repetition. 
Dr. Hocking commented on “control versus eradica
tion". In discussing some of the more important 
problems lie outlined the history of the control of 
biting flics in Canada and some of the supporting 
organizations and committees that had been largely 
responsible for keeping this field coordinated, in an 
informal way, through the years, lie emphasized the 
need for personal protection and of course the 
Department o f National Defence agrees with this. It is 
one of D N D ’s ptimary requirements, particularly now 
that there is increased emphasis on the Canadian 
North. Repellents are one o f the prime essentials for 
individuals in the field. Military people arc frequently 
required to operate away from latgc units or 
establishments, and protective clothing and biting fly 
repellents arc almost their sole means of continuing 
to operate effectively. Dr. Mocking mentioned the 
need for clothing o f  sufficient thickness that the 
mosquito is not able to probe through it. Another 
point he mentioned was the possibility of using biting 
fly repellents on an area basis.

Dr. flocking suggested the usefulness and the 
application of insecticides in the form of granules and

lie implied that theic was a need for additional study 
and for some expansion o f the application of this 
form of biting fly control. He then reviewed a 
number of additional subjects including the require
ment for specificity of application techniques and 
ground application veisus ail spray. He feit that 
acceptable biological methods are a long way off and 
that we aie going to have to look very carefully into 
the use of chemical control methods and into the 
possibility of integrating these methods with those of 
a biological nature.

In summarizing the paper of Dr West, wc have just 
one overriding comment, ‘liaygon is great! ' Also, 
there is one little aside. Dr. West says that the control 
o f biting Hies has decreased through the years. Our 
comment is that there may be a decreased require
ment for protection by people who work in air- 
conditioned offices, but not for those who work 
outside such insulated environments. He mentioned 
the use o f particulate materia) of specific sizes for the 
control o f black-fly larvae. This was a highlight in 
some of the work that he has done and it is research 
that he should be encouraged to continue.

Dr. Saha told us that wc should look at not only 
the biological effects and the biological needs but that 
these should be coupled with more chemical 
knowledge and more physical knowledge of the 
compounds that we are using and how they affect the 
environment.

The paper by Dr. Strong included a very interest
ing historical review o f juvenile hormone research, lie 
said that the level of emergence of adult mosquitoes 
treated with juw tile hormone analogue is related to 
dosage. He also ated that some of the analogues 
have a very short half-life, particularly in non-slcrilc 
conditions. In outlining some of the problems he 
mentioned that the physical chemistry of these 
compounds is not yet clear and such problems as 
solubility and surface effects require emphasis. Sandy 
soil reactions appear to be reasonably good but not 
much is known about other types o f soils. At present 
there is little knowledge of the effect of the analogues 
on non-target organisms.

Dr. Strong suggested that it may be possible to 
increase the half-life o f some of the more promising 
analogues under field conditions. He admitted that it 
was possible that resistance to these compounds 
might develop. It was obvious, from the amount of
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discussion on the subject, that Dr. Strong and Dr. 
Muilu have simulated a great deal of interest in this 
particular technique in Canada.

Di. Haiife's paper was one that surely interested all 
ol lu, but be probably scares seme of you like he 
scares us. Biologists in general steer away from the 
real use of mathematical models as a systems 
jpptoaclt to populations. Dr. Haufe pointed out the 
need for a real methodology' in approaching defini
tions for the many sub systems within the ecosystem 
to give ourselves a better idea of bow to find the key 
factors and measure the effects and the interplay of 
integrated methods of control.

Dr. McClelland stated that one of the problems 
with field researcli on adult mosquitoes has been the 
lack o f reliable field estimates, that is, estimates of 
the absolute parameters of natural populations. He 
described two new approaches to this problem, 
firstly, the selective sampling of a particular 
physiological phase and. secondly, the use of 
fluorescent dust together with trace elements for 
mass-marking with a large numbci of distinct codes.

Dr. Frank reviewed Itis own personal experiences 
with biting flics and suggested that Canada was 
perhaps fortunate to have a northern environment 
with large populations of biting (lies, because these 
have probably protected it fmm man himself. He 
suggested that too often we begin field control 
applications before sufficient basic information has 
been obtained. He proposed that the integrated 
approach to biting fly control is the most logical one. 
He mentioned that DDT as a particulate was not 
favoured by his own organization, especially when it 
was used in deep cold water, and he presented some 
evidence on D D T  residues. Dr. Frank was enthusiastic 
over the potential of juvenile liunnonc analogues, lie 
distinguished between the need for urban, rural and 
wilderness control methods, lie also emphasized that 
the wilderness problem should be based on personal 
protection rather than the application of chemicals or 
other field techniques.

Dr. Harris described some parallels in the control 
of agricultural insects and biting flies. He suggested 
that perhaps the main reliance would have to 
continue to be on chemical control. He also Iclt that 
current methods of personal protection would not be 
widely accepted by the civilian population. Dr. I lattis 
suggested that DD T  use in agriculture in Canada had 
been a serious factor in pollution, but lie added that

agencies concerned with the control of biting flies 
were also seriously involved, lie criticized the switch 
from D D T  to other compounds, many of which were 
not well understood, particularly from the residual 
point of view. He felt that much more fundamental 
work on residues and residue problems was leqUircd. 
Di. Harris mentioned that some organophosphates 
break down into other toxicants and that the use of 
the term “innocuous” is not warranted, lie stated 

that juvenile hormones are also chemicals, and these 
requite concentrated study for their possible side 
effects. He mentioned the need to study the possi
bility of the development of resistance among 
juvenile hormone analogues. Included in his recom
mendations were the following: there is need for 
belter control of pesticide use; legislation must be 
based on scientific data; we need improved methods 
and facilities for residue analysis; and, finally, we 
must develop integrated methods of control of biting 
flies.

Dr Mulla made two general statements that should 
be highlighted. In his discussion he told us that our 
approaches to entomological problems are usually too 
general. We include loo many generalities. Resources 
should be adequate for a complete study o f environ
mental impact rather than permitting only piecemeal 
attempts, lie also suggested that control decisions 
should involve those who live with the problems, and 
not be decisions made by those who do not under
stand, or have not experienced, the problems.

If wc may be allowed to make one or two 
observations here on what has emerged from today's 
program, we have stressed over and over again our 
inability to convince governments o f the importance 
of research in the entomological and pesticide fields. 
We have highlighted the lack o f technological 
capacity and competence. Wc declare them to be 
below the requirement for the fields in which wc arc 
interested. One could list about ten or twelve 
specialities that should receive much more in the way 
of support. In many areas the funds arc actually 
shrinking, rather than multiplying as they should as 
the problems increase in significance. We know from 
what wc have heard today about ecological studies, 
that each one of them becomes vast. There is no 
longer a small problem, studies must include all 
organisms that are living in the places with which we 
are interfering, that is to say the total population, 
and therefore the resources input should be increased 
manyfold.
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There is one more remark arising from (lie 
discussion Ur. Lefkovitcli said that we are trying to 
do two things that seem to be mutually exclusive, the 
manipulation of ecosystems for our own comfort 
while trying to maintain the environment unspoiled.

We believe that the concern and the accent on the 
need for ecologically acceptable control methods 
which have emerged from this symposium suggest 
that these two things can be brought together.
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BIOLOGICAL CONTROL AND ITS APPLICABILITY 
TO BITING FLIPS

limes» C. Bay

Department of ijit ontology 
University of Maryland

Biological control has been an accepted entomo
logical discipline since approximately 1888, or the 
time o f the successful control of the cottony cushion 
scale by the vedalia beetle. There is a story about this 
success with which this gathering should be aware 
before we discuss the prospects for the biological 
control of biting tlies. The story, as told by Mr. II. 
Compere, an emeritus at the University o f California 
at Riverside, is that of the “ladybird fantasy and the 
great crusade” (Compere 1969). The vedalia beetle 
Rodotia eurdinalis Muls. is a ladybird beetle that was 
imported from Australia in 1887 against the intro
duced cottony cushion scale herya purchad Mask. 
This scale was about to destroy the citrus industry 
that was at that time the mainstay of the Southern 
California economy. This particular ladybird beetle 
proved to be an unqualified success, and within the 
two years after it was introduced it established a 
balance with the scale to where both species became 
difficult to find, and have since existed in a perpetual 
game of hide and seek. This is biological conliol at its 
best.

The fantasy of course ensued when, beguiled by 
this success, many California urcharelists assumed that 
with further exploration and more ladybird beetles of 
different kinds, their other scale problems would be 
as easily solved. Such was not the case and many 
glowers suffered seriously by abandoning chemical 
and other control measures while relying heavily on 
the hope of biological control as a panacea.

The fact of the vedalia success related to many 
factors. Both the cottony cushion scale and later the

beetle were introduced from an area where the scale 
was not a pest. Unlike most ladybird beetles, that are 
relatively general feeders on homoptera, the vedalia is 
highly specific to the scale, and individuals must seek 
these out as if their survival depends upon it, for it 
discs. Also, whereas most ladybird beetles require 
many prey on which to complete development the 
vedalia, being quiie small in relation to its host, can 
complete its development on a single host specimen. 
In this and in other respects it behaves more like an 
insect parasite than like a predator. These and many 
other factors, combined as if in a formula, con
tributed to the success of this particular incident of 
biological control. A word o f caution is appropriate 
here, that theie are also predators which arc not 
host-specific but. which as a pari of other foimulac 
arc excellent biological control agents. Although the 
vedalia and the cottony cushion scale comprise the 
most celebrated case of biological contint, there have 
since been many limit* that have approached, equalled 
oi even excelled it as in the case of the control of the 
citropbillus mealybug (Compere 1‘Ш ). Despite all 
that we know' in analyzing these successes, however, 
wc still cannot go afield and look for a preselected set 
of characteristics in a natural enemy and be assured 
that if introduced against a particular pest in a 
particular region it will prove successful.

During most of this time following the vedalia 
success, such effoits at biological control as bave been 
made, w-ith few exceptions, have been directed at 
strictly agiicultural pests. Not until 1960, when 
serious concern began to develop for the limitations 
and side effects of chemical pesticides, did this
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approach for medically impôt tain insects begin to 
icceive significant attention (A.I.B.S. I960). In  I960 
a symposium was convened by the American Institute 
ol Biological Sciences in conjunction with various 
armed forces interests in Washington, D.C. to discuss 
the «»э!ч< and jvo'pec!? for medically important 
insect control by biological means. In 1961, inspired 
by the interest which developed from this sym
posium, Dr. Charles Nesdincr, then head of the 
Department of Biological Control at the University of 
California added a continuing progianr in his depart* 
ment foi this reseattli. Initial studies wen: directed at 
finding parasites and predators tor the control of the 
non-biting Hippclaivs eye gnat, and mosquitoes in 
California. Other insects that have been concentrated 
upon in this laboratory since I960 include chiron- 
omid midges, because o f  their nuisance significance, 
and various imiscoid Hies. Some of the findings of 
these projects will be discussed (Bay 1967, Bay and 
Lcgner 1963. Lcgiiere/ al. 1966, 1968; Lcgncr 1970). 
In recent years the Division of Biological Control in 
the Department of Hntonmlogy at Berkeley has 
developed a similai biological contiol piogiam with 
efforts directed mostly at mosquitoes, but with 
projects also aimed at other medically important 
insects.

■4 Within the last decade the World Health Organiza
tion has especially advanced research and documenta
tion as to the importance of natural enemies in the 
control of biting Hies and olltei medically important 
insects. Dr. Marshall Laird who is now Head of the 
Department of Biology, Memorial University of 
Newfoundland, actively spearheaded international 
research and cooperation in this area ol biological 
control during the years that he headed WHO’s 
former laboratory of environmental Biology. The 
work now continues mostly in the WHO office of 
Vector Biology and Control. Among its activities 
WHO supports an International Reference Center for 
insect pathogens under the direction of Di. John 
Briggs of Ohio Stale University where specimens can 
be sent for identification and rearing. It also supports 
a limited number of research grants, and sponsors 
pilot field studies of promising biological control 
agents in its various research units stationed about the 
wot Id.

Before considering and assessing the advances that 
have been achieved in the biological control of 
medically important insects within and prior to the 
last decade, it is well to consider something o f the

facts and concepts ol the discipline itself. There are 
seemingly good reasons why biological coniiul was so 
long restricted to agricultural insect pests and weeds.

One important premise ol biological control is that 
w vofy nj>en achieve peH 'talus in the

presence of natural enemies with which they have 
evolved. I'xcepticns most commonly occur when man 
alters the etiviionment through agriculture or other 
means to favor the pest insect over its natural 
enemies. Clear plowing and laige scale monoculture, 
for instance, afford ideal conditions by which phyto
phagous insects can maximize their icptoductive 
potential for at least one, and perhaps two genera
tions, before leveling at destructive population 
densities These high population thresholds arc abet
ted by host ctops that aie uniformly planted and 
often genetically selected foi uniform development, 
maturity and harvest. Natuial enemies must icly on 
the host insect being already piescnt before they can 
reproduce to effective numbers, which in the case of 
seasonal crop monoculture is often too late. In a 
natural ecosystem whcic plant development is rela
tively staggered and where alternative hosts occur, 
there is more opportunity for natuial enemies to 
become effective and for pcsl-natural enemy popula
tions to interact for a longer time at lower densities. 
Another upset of monoculture is that many insect 
natural enemies, especially hymenopterous parasiics, 
require more than the host insect in order to thrive 
and teproduce. Other requirements include plant 
nectars, pollen, and protection fiom dust and desic
cation that is often lacking in open, weed-free rows of 
evenly spaced plantings. Insecticides, too, are often 
more destructive to natural enemies than to target 
organisms. One of the arguments against the use of 
uiiseleclivc pesticides is that by their destruction of 
natural enemies they sometimes elevate non-pest 
insects to pest status thereby substituting one or 
more new pests foi the original key species. When it is 
undeistood that many agricultural pests are not 
adequately controlled by their natural enemies 
primarily because of man’s interference, om* can 
easily question the probability for further natura' or 
biological control of medically important aithtopods 
including ticks, chiggers, mosquitoes, tabanids, 
siiiiuliids, stoinoxys, rhagionids, cuhcoides, and 
others in iho.se many situations where these aie pests 
without man’s assistance. Another important reason 
why medically important insects have historically 
been ignored as subjects for biological control is that 
most o f these are either considered indigenous to the
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areas where they are a problem, nr like ilie housefly, 
arc thought to be so ubiquitous as problems that 
effective natural enemies simply do not oceui. Bather 
1 mentioned as a premise of biological contn •I that 
insects seldom become pests among those natural 
**о/чго<ч woh which they have evolved. Classical 

biological contiol lias mostly relied, therefore, on 
foreign starch and introduction of patasites and 
piedatois that keep introduced pest species fiom 
achieving pest status in then native lands Most of tire 
outstanding biological successes to date suppôtl tins 
philosophy, although ptogtess is being made and 
success is being achieved in oilier biological contiol 
technologies including periodic mass release ol native 
paiasilcs and prcdaluis. habitat management includ
ing the use of selective pesticides, and alternate host 
planting and slop harvesting to conserve nalutal 
enemies, establishment o f held inscciary plantings to 
promote early season natural enemy buildup, and 
sprayed food supplements to substitute lor nectar 
and pollen in weed-fine monoculture. Also encouiag
ing and rewaidtng ate developments in insect 
pathology. It is innovations and approaches such as 
these which encouiage biological control attention 
lor some, but not all medically important insects. 
There is at least one reference (Parmaii 1928) where 
egg masses of Ta banns hyalinipentiis Mine parasitized 
by the parasite Pfiaiutrm mersoni Girault were mass 
collected and distributed in heavily tabanid infested 
areas along the Hdwards Plateau in Texas with a 
teported 50%  destruction o f  tabanid eggs during 
favorable seasons. Lcgner et al. (1966, 1968) have 
succeeded in materially improving houselly control 
on several southern California poultry tanches by 
manure management designed to conserve and in
crease the efficiency o f copropbagons fauna, pupal 
paiasites and predators. Periodic mass icleuse of the 
top minnow Gambmia a/finis Uaird and Girard for 
mosquito control is a common and effective practice 
by mosquito abatement districts in California and 
neighboring slates. Hoy and Kccd (1971) recently 
found lliat as few as 100 gravid female Gambmia per 
acre, released in May in California rice Helds, gave 
better than 81% Culex tarsulis control for the season.

Jenkins (1964) compiled an annotated bibliog
raphy of pathogens, parasites and predators of 
medically important arthropods and recorded more 
than 600 pathogens and parasites known to cause 
either mortality or morbidity, and more than 900 
predators. Some of these including planarian flat- 
worms and hydra offer enticing characteristics as

agents for mosquito control htit.excepi tor lisli (Hay 
1967, Gerheriih and Land 1968) none have so far 
found practical application. Records (or most ol 
these oigaimms apply either to simple host-parasite 
observations, or to predatory capability of organisms 
confined to laboratory containers. In my own ex
perience, while studying various predators of mos
quitoes in pond habitats I have never I im iih I any that 
aie regulatory m the sense of being specifically 
dependent upon mosquito larvae as prey Most 
mosquito predators appear to be substitutive mor
tality faetois in the sense described by Richards 
(1961). These compensate for one another, and lor 
variations in physical inoitalily factors within the 
environment so dial mosquito population equilibrium 
for a particular habitat teinains relatively stable 
throughout succeeding generations. If an introduced 
natural enemy is to he effective in reducing this 
population equilibrium it must add a mortality factor 
and not merely substitute to further compensate loi 
lluctnations in existing mortality factors.

Theoretically, we have at least one advantage in 
dealing with biting flies, compared to most com
modity pests, in how late into the life cycle ol a 
particular generation additive mortality factors can he 
employed. This is because among biting llies it is only 
the adult with which we arc concerned whereas 
among commodity pests it is usually the immatures 
that are most injurious. Owing to the surplus of 
adults that are produced by many insects compared 
to their progeny that a given ecosystem will support, 
it is conceivable that adult populations can be 
reduced without affecting the status quo of succeed
ing generations of immauiies. Some indication of this 
is had by the general control ineffectiveness o f light 
traps and other mechanical devices, except wlieie 
these have been used on a very concentrated basis to 
protect a limited crop or bleeding area. Offsetting the 
theoretical advantage of leeway that I have just 
described in rinding and intmducing natural enemies 
of biting flies, is the more real factor o f pest 
tolerance. The population reduction of any pest that 
constitutes control is at best an arbitrary matter, and 
this is especially true with biting Hies. The determina
tion becomes more critical when the biting fly is also 
a disease vector. In many situations a biting fly 
population may be the lowest that can he achieved by 
natural ot biological methods and still be considered 
in need of control. Furtheinmrc, as with commodity 
pests of agricultuie, man often aggravates his 
problems with nuisance diptora by his own activities
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and alterations of the land. Mosquito problems may 
be enhanced by imp,alum practices dial favor A cJa  
nmsquiio populations and by organic pollution 
favoiablc to (.'(ilex spout-s, while these piactices 
disadvantage (lieu nafiual enemies. Likewise, manure 
handling by frequent cleanout of poultry houses 
eliminates stabilizing populations of natural enenucs 
(legnoi and Ollon 19<>Я), and inanine steeping 

provides a moie eonvonient fiabitat for houseflies 
while pm iciliug nnii/alures from predation and 
paiasili/almn to which they would he exposed in 
scattered dropping (l.egner 1470). Ilippelulcs eye 
p.nats in the Coachella Valley o f California are 
encouraged by agnciillural piactices dut increase 
their food supply, opposition sites, and pmtcction 
from most natural enemies (hay and Legner 1963, 
Hay unpublished research).

hurthcr problems to be considered in seeking 
biological controls fot biting flies include that some 
species, such as pool and containerbreeding mos
quitoes, breed in a variety of conditions in a 
pailiculai location so that an effective agent in one 
type of bleeding silc might not succeed in another 
and might not visibly affect the adult population as a 
whole. Agricultural commodity pests, by comparison,

are usually more restricted in their breeding sites, 
huilliermoie, jgioecosystcins besides aggravating 
many pest ptoblcnis by favoring (he pest insect arc 
also more well defined, more accessible, and therefore 
more amenahle to management in tedtessing condi
tions that have created the problem than arc many 
natural ecosystems producing biting flies and otfret 
arthropods of nuisance ami medical impoiiante

Although I have here pointed out some of the 
difficulties we must face in finding and employing 
natural enemies of medically important im a is com
pared with pests of agricultural commodities I feci 
that this is a viable area thaï we must continue to 
pursue. No single enemy of any given pest that wc 
might find is likely to have the impact, el fluency and 
convenience of the pesticides lo which we have 
become accustomed. Insect pathogens appear to have 
the only potential for approaching comparison. 

Guided by this understanding our ef fort should be to 
avoid environmental modifications that interfere with 
existing natural enemies, and lo look for ways of 
encouraging or releasing agents that we have reason lo 
believe may have additive mortality capability in 
those breeding sites whetc they should, but do not. 
exist.
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Fig. I. Two plamrian worms fDugcsia sp.) coil 
about a captured mosquito larva. Although 
plauaria seem unlikely predators o f mosquito 
larvae they can he effective mortality factors 
when confined with mosquito larvae in 
small, shallow water accumulations such as 
hoof prints o f  cattle, and receding puddles.
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Fig 2 A Culfx nunquito larva carcass from which 
a planana lias devoured all musculature, 
leaving only the exoskeleton and gut con
tents.

Fig. 3. Hydra amcricana Hyman engulfing captured 
mosquito larvae. Hydra have been shown to 
be very effective predators o f  mosquito 
larvae in laboratory containers, and in 
limited field  habitats. Studies are in progress 
at the University o f  California, Riverside and 
Irvine, to determine the feasibility o f rearing 
and spraying hydra into suitable habitats for 
selected mosquito control.
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ASSESSMI-NT 01 THE POTENTIAL 01 SOME PATHOGENS AND 
PARASITES 01 BITING ELIES

Il C Chapman

Agricultural Research Service 
U S Department o f  Agriculture 
Lake Charles, Louisiana 70601

Although some pathogens and parasites of biting 
Hies have been known for moic than 100 years, only 
about 5 of the more than 150 known agents 
(Marosporida (protozoa), Cnelomomyces (fungi), 
viruses, and nematodes) reported from biting tlies 
ICcratopogonidae (biting midges), Tabamdac (horse 
and deer Hies). Simuliidac (blackfliesi and Culicidac 
(mosquitoes)I have had even limited field releases (all 
in mosquitoes). This paucity of field releases indicates 
that few of these possible biological control agents

have been mastered to the point that they can be 
disseminated.

As Table I shows, there are about 370 species of 
biting flies in Canada, but only a relatively small 
number have been reported as hosts of pathogens and 
parasites in Canada. I summarize here the potential of 
the most important species of pathogens and parasites 
as biological control agents against these biting tlies.

T A BLE  1

Species of Culicidae, Ceratopogonidae, Tabanidae, and Simuliidae found in Canada 
that are reported hosts of pathogens and parasites (Canadian records in parentheses)

No. found to harbor indicated pathogen
Genera and number of species in Canada —

Microsporida Viruses Fungi Nematodes

Culicidae
A nophclcs 6 3 1 4 7

A etles 43 16(1) 6 5 13(7)
Ctilex 5 5 3 4 4 '
Culiseta 6 3 1 3(1) 2
Mansonia 1 1 0 0 0
Psora phora 7 0 0 1 1
Uranotaenia i 1 0 ! 1
Wyeomyia i 0 0 0 0

Ceratopogonidae
CiilicoiJes 50 3 1 0 5

Tabanidae 135 1 0 0 *4 3 )
Simuliidae 120 22(8) 0 M l ) 16(6)
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Protozoa (Principally Microsporida!

Ceratopogonidv The only te|xtfl o| inictospnrtdans 
m ccratnpngonidt tumid in ( 'jtiada (Cuhcttide-v spp > 
was that of Chapman el at < l% 8 )  who observed 
Pleistophora spp. infect im? an unnamed CntuuiJes 
larva from a pool and larvae nl Cidieoidcs minus (mm 
trccholes However, at my laboratory, wo have 
found a new species of Nosema in larvae of the same 
species from another Irceholc Nothing is known ol 
the host parasite relationships or the method of 
transmission of these diseases. Also, all attempts to 
transmit these diseases to mosquitoes were un
successful. The levels o f infection observed in the 
field populations were always less than П

studies that arc a prerequisite to eventual field 
releases cannot he done

I'lentopltora ciilias was released on Nauru Island 
and infected some mosquito populations, hut the 
results are inconclusive to date (Laird 1971). Nosema 
slcgomyiae has appeared promising against many 
anoptielincs m the lahoiatoty and lias decimated or 

eliminated a number of colonics (Hazard 1970) 
Slempellia sp. is known only from Cidc.x p. 
quinquefaseiatus, and the levels ol transmission in the 
field and laboratory are quite variable, often less than 
10%, however this agent has been cross transmitted to 

several species of Cule.x

Tabanids. The only report of a microspondan in the 
tabanids found m Canada was made by (iingrich 
(1965) who described a new species ( Ihetohania 
labani) from larvae of Tabanus ulratus collected in 
Mississippi. About 22% of the field population was 
infected, and the disease could be transmitted per os 
to healthy tabaind larvae.

Sitnuliids. Jaintiback (1970) reported 15 species of 
Microsporida of the genera Caudospora, Weisena, 
Plcistophora, Thclohantu, Nosema, and Oetosponv 
parasitizing blackflies. O f the 22 host species of 
Gymnopais, I'rostmulium, Oicphia. and Simulium 
found in Canada, only 8 of the records were made in 
Canada. The levels of infection sometimes were 
reported to about 50%, but most ranged from 5 to 
10% (Jenkins 1964). Also, the high levels may have 
resulted because larval samples were taken after the 
start of pupation. The methods of transmission of 
these inicrospundans are relatively unknown, 
probably because of past difficulties in maintaining 
colonies of blackflies.

Culicids. Almost half the species of Ctilicidae 
reported from Canada have been reported as hosts of 
Microsporida by investigators in the United States, 
the single Canadian record by Welch ( 1960a) reported 
a llielohania, probably opacita, in larvae of Acdes 
communis. The literature thus abounds in discussions 
of such subjects as hosts, host-parasite relationships, 
taxonomy, and transovarian transmission, but only 3 
species of microsporidans (Nosema stegomyiae, 
Plcistophora ctilids, and a StcmpeUia sp.) can be 
maintained with any regularity by per os transmission 
in the laboratory. All others (especially 'llielohania) 
cannot be transmitted per os in the laboratory so the

Fungi (Principally Coelomomyces)

No important reports ate known fot fungal
pathogens in either ccralopogonids or tabanids

Simuliids. A single unconfirmed record exists of 
Coelomomyces in blackflies (from Central America). 
\\so,Coelomumyenlium is known from blackflies and 
has been found in larval populations in
Newfoundland.

Culicids. Almost a third of the 62 species of
mosquitoes found in Canada have heen reported as 
hosts o f Coelomomyces in the United Stales, but the 
only Canadian record of this fungus is that of
Sltemanchuk (1959) who reported that 12% of all 
larvae of Culiseta i norm ta collected in southern 
Alberta were infected with Coelomomyces near 
psorophorae. In the field collections made by my 
laboratory, the highest reported levels o f infection of 
Coelomomyces spp. in mosquito larvae were as 
follows 957u in Culiseta inornata and Psotophora 
hom rdn ; 9 7 %  in Acdes triscriatus\ 8 5 %  in Culex 
pcccator, and 94 %  in Anopheles crucians. Also 
Muspral! (1963) reported levels as high as 100% in 
populations o f Anopheles gambiae in Zambia.

Coelomomvccs lias persisted in some Louisiana 
ponds for at least 6  years and has rcnccurrcd after 
prolonged periods o f drought (29 weeks). In addition 
when Land (1967) released a Coelomomyces on a 
Pacific island, the fungus established itself in local 
populations of Acdes polynesiensis, a common vector 
of filariasis.

Several species of fungus have been maintained via 
per os transmission in the laboratory (Couch 1967;
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Madelin I960). bul ihc mode nl mlcctmii, answm to 
questions of host specificity, and a satisfactory 
method uf germination of resistant sporangia still 
elude most investigators

Viruses

(Vratopogonids Ihc only record ot a virus hi biting 
ntidp.es (an iridescent virus (CU IV)) was that of 
Chapman et al ( I 968) in larvae of the trccholc 
breeding Cuhcotdes arboruola; almost 50% of the 
larvae collected from a ireehole over 11 months were 
infected. However, larvae infected with the virus have 
been found in only 3 trccliolet When infected 
tadaveis were released into several trceholcs, only one 
such habitat eventually produced some infected 
larvae.

Talnilids. Viruses are not known from deer and 
horse flies.

Simuliids. The sole report of a virus in blackflicc was 
that of Weiser (1968) who found a larva o fSimulium 
ornatum in Czechoslovakia infected with an 
iridescent virus (SM IV ) No transmission was 
attempted because the specimen was used for 
electron microscope studies.

Culicids. the first virus reported from mosquitoes 
was a cytoplasmic polyhedrosis virus (CPV) that 
infected the leg, wing, and antennal buds of larvae of 
Culex tarsalis in California (Kcllcn et al. 1963, I % 0 ). 
However, this same probable virus was reported fmm 
luivac of Culex salinurius in Louisiana (Clark and 
Chapman 1969), who also noted similar tetragonal 
crystals in a larva of Anopheles crucians 
Transmission of this CPV is difficult, and the level of 
the disease in natural populations is always low

Mosquito iridescent viruses (M IV ) were llrst 
leportcd fioni larvae of A nies tacniorhynchus in 
Florida (Clark et al. 1965) and from larvae of Aedes 
cantans and A. annulipcs in Czechoslovakia (Weiser 
1965). Additional hosts of M IV  are now known to be 
Aedes detritus (Tunisia), A. dorsalis (Nevada), A. 
fulvus pollens (Louisiana), A. sticticus < Louisiana), A. 
stimulons (New Jciscy and Connecticut), and A 
vexons. I'sorophoru ferox. Г. horrida, l\ earipes. and 
/’. confinais all (mm Louisiana. Although levels of 
infection in the field have always been less than 1%, 
trnnsovarian tiansmission is nul uncommon and is

thought to be the teason fur suivival of the pathogen 
in nature The M IV  remained infective in eggs of 
horaphora ferox for at least 6 months in the 

laboratory, and the K -M IV  was maintained through 
68 serial passages in the laboratory in Aedes 
laeniorhymhits (average level of infection was 16%). 
Levels of infection were always much lower when the 
M IV  was cross transmitted to other hosts of MIV. 
Attempts to infect laivac of various species of Culex. 
CuUscta, and Anopheles were always unsuccessful 
(Woodard and Chapman 1968).

Chdo iridescent vims (CIV), oiiginally described 
liuni a pyratid moth, was readily transmitted in the 
laboratory to larvae of Anopheles, Aedes, Culex, 
CuUscta, and horuphora though levels of infection 
seldom exceeded 3%  (Lukuda 1971). Also the 
Sertcesthis iridescent virus (S IV ) isolated ftom a 
beetle was passed to larvae of Aedes aegypti (Day and 
Mercer 1964).

Clark et al. f l 969) reported 2 occluded viruses 
from Louisiana, a nuclear polyhedrosis virus (NPV) in 
latvae of Aedes sollicitons and a CPV in larvae of 
Culex stdinarius. Both infect gut and caecal cells, but 
the NPV is normally lethal, and the CPV is seldom 
lethal. Subsequently, similar infections of NPV have 
been noted m larvae of Aedes triscriotus. I'sorophoru 
confonds. Cidex p. quinqiicfascia t us, and Culex i 
saliiturius in Louisiana and of CPV in larvae of 16 
species in the genera Aedes, Anopheles, Qdiseta and 
Psorophora.

In the laboratory', NPV  in Aedes sollicitons seldom 
exceeds 20%. but the virus has been transmitted to 
larvae of 5 other species of Aedes and I'sorophoru 
Also, one field epizootic uf (he NPV CPV  (principally 
the former) infected a maximum of 71%  of a larval 
population of Aedes sollicitons in Louisiana (Clark 
and Fukuda 1971), and two other epizootics of NPV 
in Aedes sollicitons in anolliei salt marsh in Louisiana 
produced infection levels of 65 and 61%. This NPV 
can be disseminated into a habitat possessing early 
instar larvae, and the larval population wall develop 
infections, however, if the habitat then dries the viral 
particles are apparently unavailable to the succeeding 
larval populations.

Nematodes

Ccratopogonids. Mcrmithid nematodes have been 
reported from biting midges since 1914. Smith and
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Perry < 1 % 7 )  recently summarized the available litera- 
tuie ami also reported that the emerging adult 
population of 3 species of soil-dwelling C u lic o id c s  in 
Florida commonly contained male mtersexes caused 
by a nematode (probably a M e rm is ). that both sexes 
of hosts were parasitized, and that ieveis of parasitism 
ranged from 30 10 ‘>0% dining the year. The nctna in 
question has nol been identified or cultured and it is 
not known winch stage of the luting midge was 
parasitized initially.

In addition, two nematodes were reported as 
parasites of larvae of 2 species of biting midges in 
trecholes in Louisiana, a R o m a n o tn e rm is  sp. in lam e 
of C. na n u s  and a Ictradonematid nctna in larvae of C. 

arborico le  (Chapman et al. 1969); this latter species 
which was described as new (A p ro c io n e tn a  ch a p m a n i) 
by Nicklc ( 1969), has not been seen in habitats since 
1968. Parasitism by these 2 rather uncommon 
parasites is achieved by the penetration of the 
prcparasitic stages into host larvae. Both species lend 
Ihemscdvcs readily to the culture technique used with 
some mosquito nemus (Petersen et a l 1968) and 
therefore could be maintained in the laboratory.

Tubanids. Four reports of mermithid nemas in adult 
C h ry so p s  and Tabanus (one from Canada) and 2 
reports of unidentified ncinas in tabanid larvae were 
listed bv Jenkins (1964). Also. Shamsuddin (1966) 
in a most interesting paper, reported parasitism 
(16-37%) of larvae of C h ry so p s  furcata  by a 
R a th y m e rm is  in Alberta, and this ncma also infected 
as much us 70%  of the larvae of C  m in s  maintained 
on the infected soil. Penetration of the préparasses 
into host larvae was observed, but no adult nemas 
were obtained nor was the ncma cultured in the 
laboratory.

Simuliids. Mermithid nemas were first reported from 
blackflies in 1848. Our knowledge about the parasites 
was summarized by Phelps and Dc Foliart (1964). At 
least 16 species that occur in Canada (I’rosimulium, 
Simulium, Cnephia. Eusimutium and Gymnoftais) 
have been reported as hosts of nemas (Gastromer mis. 
homermis, and Mcsomermis). and almost half these 
records are from Canada. Nemas thus have been 
known in blackflies for almost 125 years, but the 
method of entry by the prcparasitic into the host 
larvae is still not precisely known though it is 
suspected to be by ingestion. If that is true, it is quite 
unlike the penetration of hosts by préparasses that 
has been observed in mosquitoes, chirortomids,

ceratupogonids, tabanids, and chaoborids Also, the 
nemas may emerge from larval, pupal, or adult 
blackflies, and this emergence from the adult stage is 
thought to be the reason for the persistence of the 
rirma from year to year in a specific stream. Some 
infectious have been achieved in the laboratory, but 
none ot the nemas has been cultured.

The cited literature mentions levels of infection in 
siniuliid hosts that approached 100%, and in several 
instances, it was suggested that the ncinas might have 
been responsible for the eradication cir elimination of 
certain blackflies from habilats.

Culicids. Slightly more than a third of the species of 

mosquitoes that occur in Canada have been reported 
as hosts of nierinithid nematodes, with at least 7 
records (all Aedes) from Canada. Nemas were first 
reported in mosquitoes in North America in 1903 and 
probably about 35 species arc now known hosts of 
about 8-10 species of nemas in North America.

In Louisiana mermithid nemas have at least 2 basic 
life cycles. In one, the prcparasitic invades the host 
larva but grows very little and is passed through the 
pupa into the adult. In the adult, the ncma grows 
rapidly, especially after the host female obtains a 
blood meal; emergence of the post-parasitic ncma 
normally kills the adult mosquito. Nemas of this type 
(Rcmldimertnis culicis in A ales sollicitons; Agomo- 
mermis sp. in Aedes vexons in Canada; Ago mo - 
mermis sp. in Aedes stimulons in Michigan) arc 
specific lo one host. In the othei type of life cycle, 
the prcparasitic penetrates the host larva, grows 
rapidly, and emerges from and kills the host larva just 
before it pupates. Nemas of this type include 
Reesimcrmis nichcni and Oiximvrmis peterseni. The 
former has a wide host range (22 species in the field 
and another 33 species in the laboratory); the latter is 
restricted to anopheliiies.

High levels m infection of mermithids in field 
populations o f mosquitoes have been noted by many 
investigators (Jenkins 1964; Welch 1960b; Petersen et 
al. 1968). However, these researchers also mentioned 
that parasitism was generally restricted lo a few 
habitats and that it was often absent in adjacent sites.

Mermithid nemas of inultivoltine mosquitoes arc 
easily cultured in the laboratory; for example, 
cultures of Reesimcrmis nidseni in Cut ex pi pi ens 
quinqucfasciatus, Diximcrmis peterseni ( = Gastro- 
mermis sp.) in Anopheles quadrimandatus, and
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i'mitilimvrnm  < =  Aganwmcrnus) culicis in .1 cdcs 
sollicitais have been successfully maintained al Like 
Charles, and methods of mass culturing were 
developed by I’eler.sen and Willis (| l)72a) for 
p r,-4„termis niefsent They :ih<> indicated that 
the inoculum produced by rearing and infecting five 
million larvae of the southern house mosquito each 
week hi the laboratory could treat about 600 acres of 
mosquito bleeding aieas.

The first attempted release of a nema (Romenio■ 
menu is sp. from a Zambian treehole) was made 
on Nauru Island; the results to date are unre
ported (Laird 1971) Alsu, Petersen and Willis 
(1972b) treated a number of field sites (ponds and 
ditches) in Louisiana with Rcesimermis nielseni 
(mostly with a pressurized spray can) in 1971 and 
observed an average immediate parasitism (inundative 
effect) of about 60% in anophelinc larvae. When the 
site was sampled just prior to the termination of 
nema activity due to low temperatures, the ncma had 
recycled in many of the treated areas and parasitism 
approaching 47%  was repotted in one site. Recent 
data (1972) indicate that the ncma has resumed its 
activity and appears to be established in most of these 
treated habitats. The extent of the inoculative effect 
of the nema on succeeding mosquito populations will 
bo apparent after the sampling done this year.

Potential of Pathogens and Parasites

Microsporidans are therefore the most numerous 
and widespread of the pathogens in blackflies and 
mosquitoes, but most species cannot be used for 
control until they are readily transmissible in the 
laboratory. Nosema stegomyiae thus seems to have the 
most potential, especially against some of our 

malarial vectors such as Anopheles albimantis. Even 
so, the yield of this pathogen in in vivo systems is 
limited, and an in vitro system is needed for mass 
production of it or other likely microsporidan 
pathogens.

In the light of present knowledge, the greatest 
potential of a fungus appears to be that of Coelomo- 
myces in mosquitoes. Some species of Coelomomyces 
are very persistent in nature and crop varying 
amounts of mosquito populations, hut general field

releases must wait until it is pnssihle to produce large 
amounts of inocula in the laboratory.

Of the presently known viruses, NPV of mosqui
toes seems to have the most potential, but reseaicli in 
this area is still in its infancy, and only time will show 
the real potential of viruses

Ncmas have a great potential as controls for many 
species of blackflies and mosquitoes, and might be 
promising for control o| ceratopogonids and tabanids 
if the species that attack these biting (lies were 
cultured. However, the use of ncmas against blackflies 
must await the development of in vivo or in vitro 
techniques of culture. The latter technique would be 
preferable but would also he the most difficult. 
Indeed, even the development of an in vivo culture of 
such a mermithid nema means that a colony of 
siniuliids would have to be maintained, the method of 
infection (penetration or ingestion) icsolvcd, and 
techniques designed to recover and culture the ncmas. 
The ncma Rcesimermis nictseni thus is the most 
promising of the nematodes because almost 6 years of 
intensive study have produced methods of mass 
culturing and release in the field against mosquitoes. 
Other such ncmas undoubtedly can be brought to this 
point. However mass culturing uemas that have life 
cycles tied in with univoltinc mosquitoes could 
present many additional problems which should he 
investigated by studying R. nielseni in univoltinc 
Aaics since this nema from Louisiana (if it is the 
same species) was described from univoltine Aedes in 
Wyoming. Also, the potential of the nemas that infect 
adult Aedes such as A. vexons in British Columbia 
and A. sollicitons in the U.S. should be studied, and 
culture methods should be refined. Since this type of 
nema is distributed by adult mosquitoes, an excellent 
place to study such as the spread and rate of 
parasitism, might be an isolated coal mining area in 
the midwest with Rerutilimermis culicis in Aedes 
sollicitons.

Obviously, only a few of the pathogens and 
parasites that might be used as biological control 
agents against biting Hies have been studied suffi
ciently so that we can even determine their potential. 
Unfoiinnately, this field o f study is years behind the 
successful work done with crop and forest pests. The 
lack of money and manpower and of direct and 
continuous assaults on the problem areas arc prob
ably responsible for this neglect.
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It was through work done with the venerable 
Drosophila mclanogaster, an insect species and not 
loo unoften a pest at that, that the science of genetics 

took shape during the early part o f the twentieth 
century. Whereas genetic principles developed 
through work with this and several other species have 
been extensively applied for more than half a century 
now to improve cultivated plants and domesticated 
animals and to optimize germ plasm resources in all 
sorts of ways including the realization of the so called 
“Green Revolution", it is indeed most "surprising and 
rather disappointing" that the same principles "have 
not found greater application in pest management 
and control” (National Academy of Sciences, 1969).

The contention that insect control is in a crisis can 
hardly he debated. The traditional methods of con
trol -  use of synthetic organic insecticides -  have in 
most cases proved ineffective and undesirable because 
of (a) the relatively rapid development of resistance; 
on the part of insects treated, (b) their effects on the 
non-target populations, and (c) the massive environ
mental pollution that ensues from the use of such 
chemicals. The end results have often been verdicts 
such as “Moths 65 -  USDA O ", referring to U SD A ’s 
“65-year, S I 00 million struggle against its lepidop- 
leran adversary”, the gypsy moth I'or the tria dispar 
(Science 174:41. 1971J.

Thus the history of organized struggle between 
man and insect pests makes it imperative that

'The work of Ihi- iiiitlmi re pul led in (Ins papei received 
support from (tie Atomic linerjjy Commission Coni rati ,\o. 
(I l- l )-3fi with ihc Radiation Latroratory, University of Notre 
Dame. This is ЛПС Document No. COO-38-858.

alternative types of control methods be developed 
and field tested. Although, various types of biological 
control methods have been suggested and attempted 
for more than 80 years fClauscn 1956, Turnbull and 
Chant 1961, Wilson 1905, 1970), difficulties of 
chemical control have brought about a renewed 
resurgence o f interest in this area (Wilson 1971). In 
particular, genetic control which has received con
siderable attention during the last few years might 
provide one of the most desirable and powerful types 
of biological control. In simplest terms, genetic 
control involves any hereditary manipulation to 
suppress populations. Consequently, genetic methods 
which are often termed "autocidal” arc of necessity 
based on utilization of individuals of a particular 
species to control populations of that species. Thus, 
nothing alien is introduced into the ecological niche 
of a pest population. Hence, maintenance of the 
environment in the oiiginal untreated form may 
Ik  assured.

Unfortunately, appreciation of the role of genetics 
in applied entomology is in most cases no moie than 
10-1 5 years old. As a result, most progress in this area 
to date has been theoretical. Nevertheless, several 
developments during the last few years arc indicative 
of a promising future for genetic manipulation of 
insect populations. Results obtained from some field 
trials with mosquitoes are particularly encouraging.

Understandably, mechanisms for genetic control 
for any species can emerge from a thorough investiga
tion of the genetic biology of that species. Since any 
aspect of genetic analysis can be based only on



controlled crosses, laboratory colonization of a 
candidate species becomes the first prerequisite for 
any and all genetic studies. Unfortunately, among 
biting flics, the simuliids and tabanids do not fulfill 
even this first prerequisite. A sa  icsult. relatively little 
is known about the genetic systems operative in these 
groups and any discussion of thcii genetic control, 
therefore, is definitely premature.

The story with mosquitoes is fortunately different, 
although here too. relatively little is know'll about the 
genetics of any Canadian species. This paper reviews 
the progress and prospects of genetic control in 
mosquitoes, although some examples from other pest 
species arc also included.

Principles of Genetic Manipulation for Population 
Control

The basic principles and theoretical consideration 
underlying genetic control of insects have been 
adequately emphasized by Craig( 1963), Knipling er al. 
(1968), Rai (1969a) and others and will therefore not 
be repeated here. In general, because of the propaga
tion of the lethality or the sterility factors from one 
generation to the next and because of their emphasis 
on birth rather than death control, such methods 
should turn out to be much more effective and 
efficient than insecticidal or a good many biological 
methods. Ideally, eradication or replacement o f a 
population following a single release of a desired 
genotype would definitely be most desirable; al
though in practice such a situation may he difficult to 
obtain. However, for species with relatively low 
reproductive potential, e.g. in the case of tsetse flies, 
such a possibility has indeed been suggested (Curtis 
1968) and might well come to pass. One of the 
important features of genetic control is the specificity 
of a particular method to a particular species. 
Furthermore, it will he extremely unlikely that native 
populations will develop “resistance” in the tradi
tional sense under pressure of control by the given 
genetic method.

Mechanisms Proposed for Genetic Control

Several potentially useful mechanisms have been 
suggested lor genetic control of mosquitoes. Some of 
the more promising of these include;

a; Sterility

I. Mulagcn-induccd dominant lethality 
(Stcrilc-malc technique)

2. Hybrid sterility (Anopheles gamblin', Aedes 
mariar)

3. Genetic-resulting from chromosomal re
arrangements; e.g. translocations (Ae. 
acgvpti. C. pipicns. An. Stephensi and many 

others)
*1 Hormone-induced (Mationc: Aedes aegypti)

b: Cytoplasmic incompatibility (Cnle.x pipicns, 

Aedes scutclluris)

c: Competitive exclusion or population replace
ment -  vectors hy non-vcctors (or pests by 
non-pests)

d: Conditional Icthals; e.g. nutritional, tempera
ture sensitive or non-diapausing mutants or 
recessive lethal mutation

c: Mciotic drive or sex-ratio distortion (A. 
aegypti)

Field Trials Involving Selected Mechanisms

Table I lists various field trials that have been 
undertaker) with various species of mosquitoes during 
the last ten years in order to evaluate the feasibility 
of various methods of genetic control. The mecha
nisms that have been evaluated to date are:

a: Sterile-male technique

This technique is based on the induction of sexual 
sterility in males through the use of radiation or 
chemical stcrilants and on inundating natural popula
tions with such males (Knipling 1959). To a con
siderable degree, interest in methods of genetic 
control of insects is a byproduct of the successful 
application of the sterile male technique to control 
the screw-worm fly, Cochliomyia hominiwrax, from 
southeast and southwest United States and the West 
Indian island of Curacao in m id-l950’s (Knipling 
1959). Curtis (1971) has reviewed the theoretical 
basis and some recent developments concerning 
induced sterility in insects. Although the stcrilc-malc 
technique cannot be technically regarded as a type of 
genetic control because complete sterility cannot be 
inherited (NAS, 1969 and Rai et ai 1972), it is 
customary to treat it under genetic methods. Of 
course, the dominant lethal mutations that are 
induced in sperm of irradiated or chemically sterilized 
males and which result in male sterility arc by
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T A BLE  1

Field trials for genetic control of mosquitoes

Species Mechanism Location & Agency Reference

Unsuccessful or inconclusive: 
Aedes aegvpti Sterile male1 Florida, IJSPHS Morlan el at. 1962
An. quaiirimaculatus Sterile malca Florida, IJSDA Weidbaa.se/fl/. 1962

Culex p. fatigans Sterile malca India, Govt. Krishnamurthy et al 1962

Culex tarsalis Chcmosteiilant California, DPH Lewallenc/ al. 1965

Anopheles gambiae Hybrid male sterility Upper Volta, Davidsone/ al. 1970

Aedes polyncsiensts Competitive exclusion
W.H.O.& ORSTO M  
Pacific, USPHS Rozeboom & Rosen 1970

Successful or current:
Culex p. fatigans Cytoplasmic Burma, W H O.

(unpublished) 

Laven 196 7^

Culex p fatigans
incompatibility 
Sterile malch Florida, USDA Patterson el al. 1970

Culex p. fatigans Sterile та1са-Ь.с India, W.II.O. & ICMR Patterson, Sharma

Culex p. fatigans Translocation France, E ID LM
(unpublished) 
l-aven et at. 1971

Aedes aegvpti Translocation1' India, W.H.O.& ICM R Rai ctal. 1972

a: Radiation-induced male sterility 
b: Clicmostcrilanl-induecd male sterility 
c: Trials continuing

definition drastic chromosomal aberrations and hence 
genetic in nature (Rai 1964). Nevertheless, they are 
not transmitted to the progeny.

The application of this technique for mosquitoes 
has been reviewed by Rai (1966, 1969b). In early 
sixties, this technique was tried with Aedes aegvpti 
(Morlan et al. 1962), Anopheles quaiirimaculatus 
(Wcidhaas et al 1962) and Culex faligans (Krish- 
namurthy et al. 1962). All these trials were based on 
releases of males sterilized with radiation. The feasi
bility of a direct chemosterilant application to 
suppress an isolated desert population of Culex 
tarsalis was investigated by Lewallen et al. (1965). 
Unfortunately, measured in terms of reductions of 
the target populations, none of these trials were 
successful. The possible reasons for these failures are 
fairly well understood (sec Rai 1969b). In general, 
they resulted cither from the use of massive doses of 
radiation used to sterilize males as in the case of A. 
aegypti (Weidhaas and Schmidt 1963) or to releases 
of males with reduced fitness ensuing from a long 
history of laboratory colonization (Knipling 1959) as 
in An. quadriimeulalus.

More recently, Patterson et al (1970) have been 
successful in applying this method to control a 
population of Culex p. quinquefasciatus from Sea- 
Horse Key, a small island off the coast of Florida, 
following daily releases of chemostcrilizcd males 
during a ten week period. In work currently under
way at the World Health Organization Research Unit 
on Genetic Control of Mosquitoes in New Delhi, 
India, Patterson. Sliarma and coworkers are attempt
ing to expand this technique to several villages in the 
vicinity of Delhi. Work with A. aegvpti is also 
planned.

b: Hybrid sterility

When any two of the five sibling species in the 
Anopheles gambiae complex arc crossed, the male 
progeny arc sterile (Davidson 1964). Davidson et al. 
(1970) conducted a preliminary field trial to control 
a native population o f A. gambiae species A near 
Bobo Dioulasso, Upper Volta, using such interspecific 
male sterility. The hybrid males released were pro
duced by crossing females of an A. mêlas population 
from Liberia and males of a population of/1. gambiae 
species B from Nigeria. They released approximately
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300,000 hybrid pupae over a two month period at 
the end of the rainy season in 1968 against a 
naturally declining population of species Л. The 
results of this field trial were negative although 757o 
of the males captured in the study village were sterile. 
Davidson cl al concluded from their results "that the 
sterile males were not mating on any significant scale 
with the natural species Л females". Although several 
factors doubtlessly contributed to the lack of success 
in this field trial, a major flaw may be traced to the 
protocol itself whereby hybrid males produced by 
crossing two different species were utilized to 
compete with and control a third species. It would 
have been indeed surprising if the mating and 
behavioral differences among the males released and 
females of the native population would not have 
come into play, particularly under Held conditions.

Coluzzi and Sabatini (1968) have demonstrated 
the existence of similar isolating mechanisms causing 
male sterility among Mediterranean populations of 
Acdcs mariac.

c: Cytoplasmic incompatibility

The existence of incompatibility between certain 
allopatric populations of Culex pipiens is well known 
(Laven 1967a). Such incompatibility, which may be 
either unilateral or bilateral, and is maternally tran> 
mitted ensues from the death of the sperm nucleus in 
an incompatible egg cytoplasm before karyogamy 
occurs. As a result, no progeny arc produced from 
such incompatible crosses.

This method was field tested with successful 
results in a .small isolated village, Okpo, near 
Rangoon, Burma, under the auspices of the World 
Health Organization during an approximately 
3-month period and live to six generations (Laven 
1967b). The released incompatible male strain con
tained cytoplasm from a strain from Paris and the 
genome from Fresno, California strain and resulted in 
"eradication" of the native Okpo population. His
torically, tliis successful field trial has generated great 
deal of interest and enthusiasm in genetic methods of 
mosquito control. Similar incompatibility exists in 
Aedes scutellaris species complex and could also be 
used for genetic control (Knipling et al. 1968).

d: Competitive displacement (Species replace
ment )

Competition between populations of Aedes 
polyncsiensis. a major vector of filariasis in Polynesia

and A. albopictus, results in elimination of A. 
polyncsiensis. This happens both in relatively small, I 
cubic foot cages (Gublcr 1970) and in a large walk-in 
cage, where conditions of the habitat o f the two 
species were simulated (Rozebuom 1971). Two 
hundred male and 200 female A albopictus wcic 
introduced in the walk-in cage which was breeding for 
A. polyncsiensis and producing approximately 4,000 
polyncsiensis adults per week. In small confined 

space, A. albopictus males readily inseminate poly
ncsiensis females but the eggs arc infertile. Such cross 
insemination sterility was considered to be an im
portant factor in competitive displacement in 
Gubler’s cages. However, in the ease of the large, 
walk-in cage where steady decrease in A poly
ncsiensis paralleled an increase in A. albopictus and 
where after 41 weeks A. polyncsiensis was reduced to 
approximately 5% of its original density, Rozeboom 
(1971) interpreted the replacement of polyncsiensis 
by albopictus as resulting from "the higher repro
ductive rate of the latter species, which permitted it 
to monopolize the ecological niche provided by the 
large cage”. Whatever the exact mechanism, such 
competitive displacement of one species by another 
could be used for replacing a vector or an insect pest 
by a non-vector or an innocuous form.

A preliminary field trial on a small island in the 
Pacific utilizing this approach and the above men
tioned two species was conducted by Rozeboom and 
Rosen. However, the results were inconclusive (pers. 
communication). Additional tests arc planned.

Such competitive exclusion has been recently 
applied with success to the control of a green-house 
population of race B of the Hessian fly, an agricul
turally important Wheat pest, Mayctiola destructor. 
by flooding it with the avirulent Great Plains race at a 
ratio of 9:1 with 4 releases or 19:1 with 2 releases 
(Foster and Gallun 1972).

The use of translocations (Curiis 1968) and of 
compound chromosomes (Foster cl al. 1972) to fix 
desirable genes, c.g. for disease refractoriness, condi
tional Icthals etc., has been proposed. The purpose of 
such gene fixation is to replace an insect pest with a 
desired genotype which in certain eases could be 
subjected to additional manipulations of insecticidal 
or climatic control (Klassen et al. 1970a).

c: Chromosomal translocations

The use of inherited sterility associated with 
chromosomal translocations has been suggested for
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pest cuntiol (Rai 1967. Rai and Asman 1968, Raie/ 
al. 1970, Laven 1969, Curiis 1968 and Wagoner et al. 
1969). Although the potential of this method was 
originally proposed more than three decades ago by a 
Russian geneticist, Serebrovskii (1940), it was not 
until recently that us use tor a number of insect 
species, c.g. mosquitoes, tsetse (lies and houseflies has 
been contemplated and progicss made.

Among mosquitoes, the potential ol chromosomal 
translocations is being evaluated in Aedcs aegvpti 
(Rai and McDonald 1971, Rai ci ai 1972), Culcx 
fatigam (Laven <-/ ai 1971), Culcx tritaeniorliynclius 
(Sakai cl al. 1971) and Anopheles gambiae (Davidson, 
personal communication).

In A. aegypli approximately 40 reciprocal trans
locations have been induced and cytogenetically 
analyzed for their break points, fertility, fecundity 
and their transmission characteristics. Studies arc 
then undertaken on the competitive mating ability of 
males heterozygous for the more promising of these 
translocations in laboratory and Held population 
cages (Rai and McDonald 1971) and attempts made 
to produce homozygotes fur such translocations. 
Similar studies arc underway with other mosquito 
species.

Computer simulations using the available data in 
Aedcs aegypli have indicated the potential role of 
various types of sex-linked and autosomal transloca
tions for genetic control under various release 
strategics (McDonald and Rai 1971). Using such 
computer simulations, Curtis and Robinson (1971) 
have provided important theoretical considerations 
on the use of various types of double translocations 
for pest control.

Field work done under the sponsorship of the 
World Health Organization at their Research Unit on 
Genetic Control of Mosquitoes in Delhi, India during 
1971 showed the genetic incorporation of a male- 
linked translocation iri a natural population and its 
maintenance for several generations following the 
termination of the field releases which approximated 
a single generation span of A. aegvpti (Rai d a l. 
1972). This was the first demonstration of its type 
among any vector species. It need hardly be em
phasized that such a maintenance of an introduced 
genotype or sterility condition over several genera
tions will be an essential prerequisite for successful 
application of any genetic method of control. Laven

d  al (1971) have also shown incorporation of a 

sex linked translocation in a discarded well popula
tion of Culcx faiigans. Releases of a sex-linked 
translocation were made into this well for two 
months. As a result, the percentage of semislcrile egg 
ralts increased to "9У/с or more' and the adult 
population declined to 90%  of its original level at the 

end of this experiment

These experiments with A aegypli and C. pipiens 
have indicated that with proper manipulations, it 
should be possible to use translocations for popula
tion control. Additional field work with A. aeg)'pti is 
currently underway at the W.H.O. Unit in Delhi by 
Rai and colleagues and at the University of Notre 
Dame field Unit in Mombasa, Kenya, by McDonald.

Lorimer, Hallman and Rai (1972) have recently- 
isolated two translocation homozygotes (among the 
forty tested) in Aedcs aeg)’pti which should con
siderably enhance the potential of the translocation 
method for genetic control. The use of these homo
zygotes for actual control of field populations will be 
undertaken in Delhi during 1972-73.

Since chromosomal translocations can be induced 
with relative ease (Rai 1968), their feasibility for 
genetic control can be evaluated in any pest species. 
Same is the case with mutagen-induced sterility 
except in those cases where the sterilizing dose may 
be close to the lethal dose.

f: Other mechanisms

The use of several other genetic mechanisms, c.g. 
meiotic drive (Mickey and Craig 1966), dominant 
conditional lethal mutations (Klasscn ct al. 1970b, 
Smith 1971), deleterious recessive genes (LaChance 
and Knipling 1962, McDonald 1970) to suppress 
insect populations has been suggested. However, the 
potential of none of these has yet been tested in any 
trials.

Economies nf Genetic Control

It is not my intention to consider the economics 
of genetic control in any detail, partly because of the 
paucity of published figures on cost for ntorc than a 
very few- species. Nevertheless, the available figures 
arc suggestive of not only economic feasibility but of 
considerable economic gains ensuing from successful 
application of the sterile male method. With genetic 
control, where considerably fewer individuals may
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have to be released to effect control, the cost of a 
successful operation may be considerably less than 
that of the sterile male technique.

The annual loss to the cattle industry caused by 
screw-worm infestations in Texas was approximately 
$100 million and the cost of eradicating the fly about 
$ 12 million < LaBrccque and Keller I 965) The cost of 
the Florida eradication program lor the same species 
was S 10.6 million and the savings estimated to exceed 
20 million dollars annually (Bushfand I ‘>71). In oidcr 
to prevent immigration of this fly from Mexico,to the 
United States, U S IM  releases an average of 125 
million sterile males each week along a buffer /.one 
along the Mexican border. Currently, “the annual 
cost of the screw-worm program is one-fifteenth of 
the estimated annual losses due to the control costs 
and live stock damage before the insect was 
eradicated. Knipling’s price tag on the cabbage looper 
program is $2.5 million a year, less than the cost of 
developing a new insecticide and he says that control 
of the boll weevil alone would pay for all other pest 
control programs combined" (Holcomb 1970).

With traditional methods o f insect control, c.g. 
with insecticides, the cost per year remains the same. 
Witli genetic methods, the cost may be relatively high 
in the first year but may be much less for subsequent 
years to maintain quarantined control. Heliothis zca 
causes economic losses of approximately $400 mil
lion per year in the U.S. (Knipling 1969). lie has 
estimated that 80 billion sterile moths could be 
produced with the same amount. The chances arc 
(hat "it may require far fewer than 80 billion moths 
to maintain suppression below the economic damage 
level even during the first year" (Knipling 1969). 

LaBrecquc and Keller (1965) have provided many 
additional estimates of the costs of insecticidal, sterile 
male and integrated control.

CONCLUSIONS

The original screw-woim saga has opened up the 
new Held of genetic manipulation of insect popu
lations. The application of such manipulations for 
controlling insect pests is briefly surveyed. Certain 
important principles underlying genetic control 
mechanisms arc emphasized and field trials involving 
some of these mechanisms undertaken to date, par
ticularly with various mosquito species, arc briefly 
discussed. Data from some of these Held trials arc 
encouraging.

Although considérable progtess has been made in 
this area during the last decade, important frontiers 
yet remain to be conqueicd. Considerably more basic 
lesearcli needs to be done, not only with the 
development of such mechanisms and their field 
testing, but with various aspects field biology, 
ecology and dynamics of the target field populations. 
In addition, cntical information will be indisponible 
concerning (a) the selection of the genetic compo
sition of the material for releases, material which has 
the best chance of accomplishing the set goals of 
control, replacement etc. (Lewontin 1965, Reming
ton 1968, Lucas 1969, Whitten 1970. Mackauer 
1972); (b) the behavioral aspects of mass rearing 
(Boiler 1972); and (cl development of relatively 
inexpensive methods for mass production.

Perhaps the most important criteria that will often 
determine whether a genetic manipulation succeeds 
or fails would be that the various components of the 
behavior o f released insects arc not significantly 
different from those of the native population, that 
the former arc derived front the latter in the not too 
distant past and that both have similar genetic 
composition encompassing the same spectrum of 
genetic variability, thus assuring that the matings are 
random between the two. Obviously the best genetic 
technique in the world will not do anyone any good 
if adequate regard is not paid to such criteria and to 
assuring the quality control of mass-reared insects 
such that ethologicu! differences among the released 
and native populations do not come into play. As 
mentioned earlier, such difference might produce 
negative results from an otherwise worthy technique. 
Hxperience from field trials of the sterile male 
technique with mosquitoes is surely instructive.

Nevertheless, the prospects fot the application of 
genetic methods of control in relatively small scale, 
isolated locations appear quite good. Additional field 
trials in relatively large test sites are badly needed. 
The work currently underway at the W.H.O. Unit in 
Delhi, India, on the feasibility of such methods for 
mosquito control should tell us, relatively soon, as to 
what extent such methods could be used for opera
tional control of insect populations. Because o f the 
high population densities which characterize most 
insect species and the necessity of flooding such 
populations with introduced genotypes, the best 
approach for insect control would have to involve 
integrated control whereby the original population 
densities arc drastically reduced by a whole host of
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O f course, in a country tike Canada with a massive 
land mass which is sparsely populated and has a 
diversity and alarmingly high population densities ol

u.iditional methods and the genetic methods are used 
as the ultimate weapon. Furthermore, if genetic 
methods are developed in insecticide resistant strains, 
insecticidal treatments could he continued even afler 
icleases. This way relatively small releases could he 
:jatc effective (Whitten !°70, Wehrbab» und KlasMm
1971).

biting flics, the prospects of the application of any 
known genetic method for operational contiol in the 
near future arc minimal The specificity of the genetic 
control would surely tend to limit it for any large 
scale applications for anything but a few species. 
Until such species arc important disease vectors or 
cause huge losses to the economy of a legion, it is 
unlikely that the genetic methods, in view of their 
cost, will be considered seriously for operational 

application
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D I S C U S S IO N

Discussion Leader J. K. Anderson
Discussants ....................... H. V  Peterson

G. O. Poinar, Jr.
M Laird

Peterson: I would like to commend Drs. Bay, 
Chapman, and Kai, for their fine presentations. There 
arc so many points of concurrence among us that the 
tusk of discussion is made rather difficult. Being a 
systematic and really little more than an interested 
outsider, also puts me at a disadvantage in making 
some useful comments. However, being a systematise 
as well as a bit of the old type of field naturalist, has 
provided me with many opportunities to see diseased 
and parasitized biting flies, both a! the laboratory' 
bench and in the field while collecting and observing 
biting fly behavior. Leach time I see or collect an 
afflicted specimen l wonder why I don’t see more of 
them, and why some are affected hut the apparent 
majority are not, and if the numbers I see arc 
really indicative of the siluation as it occurs in 
nature or if the afflicted individuals really are, or 
were, somewhat or vastly more numerous and 
perhaps have died thus leaving a false impression of 
the effectiveness of these natural enemies. A similar 
set of questions, can be posed in regard to the 
predators of biting flics. Perhaps some of our speakers 
might wish to comment on these queries. However, it 
is doubtful that anyone can really answer these 
questions since, to my knowledge at least, such 
studies are very few or have not been undertaken.

It is surprising that no one has given a definition of 
the term biting lly as it pertains to this symposium. 
There are about 15 families, of the 105 or so in the 
Order Diptera, that during one stage or another of 
their life cycles feed on the blood of man or other 
animals. However, I believe we are primarily con
cerned with the six families in Canada having man- 
biting Hies; these and their approximate number of 
Canadian species are as follows:

Culicidac with about 65 species
Simuliidac with about I 20 species

Tabanidac with about 135 species and subspecies
Ceratopogonidae with about 380 species

Culieoidcs witli about 15 man-biting species 
Lcptoconops with 2 man-biting species

Rhagionidae with about 9 biting species (i.c., 
Symphoromyia spp.)

Muscidac with I biting species (i.c., Slotnoxys 
calcitrant (L.)).

Then there is the non-biting but scarifying-sponging- 
sucking genus liippclahw, Family Chloropidac, with 
about 5 Canadian species. Not all of the species in 
these families are man-biting; some we know arc 
non-biting, some are bird or mammal feeders, and for 
many of tiie other species we can only guess about 
their feeding habits. I would like to comment briefly 
on some of the insect parasites of some of these 
biting flics, an area largely ignored by our speakers.

Dr. Bay has already mentioned the hymenopterous 
egg parasite ofTabanidae, Hhanurus cmenoni Girault 
(now Telenomus cmenoni) and cited as reference the 
classic paper by Parman (1928). Papers previous to 
and after that of Barman, including works by Webb 
and Wells (1924), Cameron (1926), Philip (1931), 
Miller (1951), James (1952, 1963) and Tcskcy 
(1969), have all reported various species of several 
genera of Tabanidac to be parasitized by hymenop- 
tcrous species among which are Telenomus etnersoni 
(Scclionidae), Diglochis occidentalis Ashm. 
(Pleroimlidae), Trichogramina minutum Riley 
(presumably T. semblidis (Aurivillius)) (Tricho- 
grnmmatidae), Anaphoidea sp. (not Faiasson sp. 
(Peck, pers. comm.)) (Mynmidac) and Tncfwpria 
spp. (Diapnidac). Jenkins (1964) lists at least eight 
additional hymenopterous parasites o f Tabanidae 
from othei parts o f  the world which have varying 
importance as biological control agents.

Other insect parasites of tabanids mentioned in the 
literature include the Tachinidac and Bombyliidae. 
The taclumd Carinnsillus tabanivorus (Hall) is a 
parasite of tabanids (Philip 1931; Hays 1958), and 
this genus contains at least two other species,
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represented in the C.N.C., which arc possibly tabanid 
parasites as well (Wood, pers. comm.). Another 
tachinid, Phasiops / lavis Coq., is a tabanid parasite, 
and there is a third genus, Opsothercsia, which might 
prove to have species parasitic in tabanids. Jenkins 
(1964) also lists Vibrissotheresia pecliuniani Reinhard 
as a tabanid larval parasite, and James (1963) lists 
Carirwsillus novacangltae (West) (as Phorosioma 
novaeangliac) as a larva! parasite. However, according 
to Wood (pers comm.) the taxonomic positions of 
some of these species are uncertain. Mere we згс faced 
with the not unique situation of having an inadequate 
knowledge o f the taxonomy of a potentially impor
tant group of parasitic species. This also applies to the 
parasitic hymenopterous species mentioned else
where. The bombyliid, Villa lateralis Say, has been 
found to be a tabanid parasite as well (Teskcy, 1969).

Turning briefly to the Simuliidae, Peterson (I960) 
reviewed the hymenopterous insects reported to be 
parasitic in black flies, lie observed an undescribed 
species of the Telvnamus basalts Wollaston complex 
(Scelionidac) emerge from the abdomen of the black 
fly, Simulium (Gnus) arcticum Malloch. This might 
have been an accidental occurrence because species of 
this group of Telenomus, whose habits are known, are 
parasitic in the eggs of certain Hemiptera. ЛП 
previous records of hymenopterous parasites in black 
flies arc Old World and include two braconids from 
Simulium (h'usimulium) aurcum Pries, Ademon 
decresams (Nces) and Gyroatmfxi affinis (Nces) (now 
Chorebus affinis) (Enderlein, 1921). These records 
however arc suspect. Planidia larvae, apparently 
belonging to the genus Perilampus (Perilampidae), 
were found by Lewis (1952) in the heads of male and 
female Simulium (S.) damnosum Theobald from the 
Sudan

It is interesting to note that between Peck ( 1963) 
and Jenkins (1964J, about seven hymenopterous 
parasites are listed from Stomoxys calcitraits, but no 
insect parasites are listed for the Culieidac, Cera- 
topogunidae or Rhagionidac. However, that doesn’t 
mean there aren’t any such parasites for these families 
of biting flies. Perhaps some of our speakers would 
care to comment on this anomaly or have more 
recent knowledge on this topic they could share.

Parasites o f biting flics other than those discussed 
by Drs. bay and Chapman and the insect parasites 
just mentioned, apparently are not very numerous or

are so effective as control agents as to be rarely 
collected (this latter possibility is remote). Records of 
such parasites include: Plamria sp.. mites, and 
trcmatodcs (Lewis and Wright, 1962) in the 
Simuliidae; Rotatoria, trcmatodcs and mites in the 
Culieidac, and only mites in the Tabanidac, Cera- 
topugonidae and Musud.ic {S. calcilraus) (I didn't 
bother to explore sucli parasites o f the Rhagionidac).

Immature and adult biting flics often fall victim to 
various predatory organisms. In the field I have 
witnessed numerous instances o f such predation, 
especially among the black flics, and the literature is 
replete with similar observations. As Dr. Bay has 
already pointed out, Jenkins ( 1964) recorded more 
than 900 predators of medically important arthro
pods, and that most of these records arc simple 
host-predator observations made cither in the field or 
in the laboratory. With the possible exception o f the 
larivorous fish, such as Gambum affinis, few if any 
definitive studies have been conducted on the over-all 
and lasting effectiveness o f  biting fly predators. 
Undoubtedly, there are times when such predators 
are instrumental in significantly reducing local 
populations of some biting flies, hut, unlike the 
parasites of these (lies, the chances o f regulating more 
than a few suitable predator-prey relationships arc 
very remote. About the best we can do is be thankful 
that such predators exist to take what portions o f the 
biting fly populations they do. I would be interested 
in the opinions and experiences o f  our speakers or 
others who might be involved with this type of 
investigation.

Wc know from personal observations and various 
reports in the literature that some natural enemies 
can and do constitute effective biological control 
agents of certain species o f  biting flics in various 
places at various times. However, their effectiveness 
in nature is certainly not always constant, often 
varying considerably from place to place and from 
time to time. It seems to me that the effectiveness of 
these agents is going to remain generally minimal 
until some very basic biological studies arc conducted 
to help determine why they are effective under 
certain circumstances but minimally so under other 
conditions. As with too many other things, I think wc 
often put the cart before the horse, and expect, or 
hope to receive revelation or nearly instant answcis 
without doing the necessary homework; even for 
revelation we must first do our pari before the 
Man-On-High will do his.
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Although the potential is high, there is yet little to 
be had in the form of effective biological control 
agents for biting (lies. Difficulties in harnessing these 
agents are many particularly since we know so very 
little about the ecology o f  either such potential 
agents or their intended victims. In 1955, Pepper had 
this to say, “Without a knowledge of the true 
relationships of both the host and the enemy to their 
environment as well as an understanding of the 
interrelationships between the two populations, there 
is no basis for postulating any effects, either 
detrimental or beneficial, of parasites or predators on 
the host populations". And, fruin a conference on 
biological control held in 1960 under the joint 
sponsorship of the American Institute of Biological 
Sciences, the United States Armed Forces Pest 
Control Board, the Office of Naval Research and the 
Army Chemical Corps, came the following statement: 
“Pathogens, parasites and some predators offer a real 
potential for natural control of medically important 
insects. Tests and experiments to dale 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".

Despite the extensive literature, it appears there is 
a tremendous lag in the knowledge and development 
of biological control as compared to control by 
insecticides probably because of its more exacting 
nature, and higher costs in terms of time and labor, 
for the returns obtained. It also seems apparent that 
effective and repeatable biological control measures 
against biting (lies will remain rather distant until 
advances arc made and reliable data arc obtained in 
respect to the ecological factors mentioned earlier. 
Although a considerable amount is now known about 
some of these factors, there is need for a great deal 
nune research. M y question now is. where do we go 
from here, and how are we going to get there?

Although there probably are as many definitions 
of biological control as there arc workers in the field, 
I would guess that most workers adhere to the rather 
broad concept as advocated by such eminent author
ities as Stern el al. (1959) and DcBach (1964) who 
define biological control as, "the action of parasites, 
predators, and pathogens in maintaining another 
organism’s population density at a lower average than 
would occur in their absence". This concept is taken 
to mean just what it says, the use of natural enemies 
to regulate the numbers o f a pest species. Hut to what 

category do such control procedures as the following 
belong: I) Alterations in the fauna that affects the 
food supply and shelter of biting flics or other pest 
species. 2) Alterations in the flora that affects the 
food supply and shelter o f pest species. 3) Alterations 
in the flora that might affect the food supply or 
shelter of some stage of the predator or parasite fauna 
of pest species. 4) Alterations in the physical condi
tions of the environment that might affect either the 
pest species or their predators or parasites. 5) Genetic 
manipulation of pest species. 6) Use* of chemoste- 
rilants on laboratory reared pests for field release, or 
in baits for such pests. 7) Use o f  traps bailed with 
synthetic attractants. 8) Use o f synthetic juvenile 
hormones as insecticides. 9) Use of bacterial toxins. 
10) Use of sound as an attractant; etc. etc.

Perhaps it would be well to reiterate the question 
posed by Hreycv (!971 >, “What is a biological 
method of control and in what sense is it biolo
gical? "  Do wc now need a broader definition o f 
biological control than the one quoted above? It 
seems that this might give a lot more leeway in 
soliciting funds for studying the various facets o f 
biological control than the mere seeking out, raising 
and releasing of potential pathogens, parasites and 
predators of biting flies and other pest species.
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D I S C U S S I O N

l’ninar: I would like to thank the speakers this 
morning for their very interesting presentation and 
discuss some biological control measures that were 
not mentioned by them.

Recently, Dr. Eldon Reeves discovered a Bacillus 
from local populations of Culex in canyon areas in 
Southern California. He discovered that this bacte
rium was especially pathogenic to species of Acdcs 
and sent it to the Pasture Institute for identification. 
It was identified as belonging to serotype I of Bacillus 
thuringiensis var. thuringiensis, although it was 
obvious that it was different by possessing 2 crystals 
(instead of one) lacking the fly factor and being 
pathogenic to mosquitoes. Cultures were sent to 
International Minerals and Chemicals in Liberlyvillc, 
Illinois and they prepared an cmulsiliable concentrate 
that could be used in the field. Field tests arc in 
progress and with the excellent results obtained using 
B. t. against agricultural pests, this product looks 
promising and should definitely be tested further. 
Interested persons can write to I. M. C. and obtain 
samples of the bacterium for experimental tests.

Dr. Reeves is also working with the higher algae, 
Chura and the filamentous green algae, Gadofjlwra, 
both of which produce substances toxic to mosquito 
larvae. An extract has been obtained from these 
plants which is active against Acdcs spp. and Culex 
spp. and tests arc currently being conducted to test 
the effectiveness of this compound.

■ At Berkeley, Dr. R. D. Sanders has been 
conducting a survey on the pathogens of Acdcs 
sierrensis, which constitutes a serious problem in its 
range. Aside from discovering a new species of the 
protozoan genus Plcisiuphora and I.unkcstcria. Dr. 
Sanders has also found several more promising 
pathogens. In 4 of the 18 trccliolcs sampled, 26-90% 
of the mosquitoes were infected with the fungus, 
Beauveria icnclla, This fungus invades the siphon and 
gut and eventually kills the larva. Dr. Cubbin of our 
Department is growing (lie fungus on agar plates and 
in broth for further testing. Spores isolated from the

cultures were infective to Acdcs dorsalis, A. acgvpti, 
A. hexodontus, Culex pipiens, and Cutiscla it widens. 
First stage larvae o f A. aegvpti were extremely 
susceptible and 86% mortality resulted in third stage 
larvae. Preliminary field iiials have been conducted 
with promising results.

Interested persons wishing to obtain a sample of 
this fungus fur infcctivity studies can write Drs. Cluis 
Cubbin or D. Sanders.

A mermithid nematode was also found parasitizing 
larvae of A. sierrensis, but it was found in only one 
trcehole and only 32 larvae out of 320 were found 
infected. However, we are attempting to obtain 
enough material to initiate a breeding program for 
field releases. The larva dies soon after the nematode 
emerges.

Dr. Richard Garcia has been investigating 
predators of mosquito populations. He recently 
discovered that the small hunting spider, Pardosa 
stcrnalis (Thorell) may be an effective predator of 
Aedcs dorsalis in salt marshes. The spider attacks the 
adult mosquitoes as they emerge from the pupal case 
and move toward the surrounding vegetation. They 
could also pick up mosquito larvae and pupae in 
laboratory experiments. Dr. Caicia lias also been 
investigating the possibility o f using notoncctid bugs 
for controlling mosquito larvae in temporary pools. 
He finds these bugs very efficient predators and has 
now devised a method of breeding them under 
laboiatory conditions. Harvesting the eggs and 
releasing them in temporaiy water sources is current
ly under intensive investigation.

In all the above eases, we arc departing from the 
traditional example o f biological control where an 
exotic parasite, etc., is brought in to be released 
against a particular pest. Here, we believe that the 
natural agents can be very effective if introduced in 
large enough numbers. Thus, by mass producing these 
naturally-occurring agents and distributing them in 
the environment, pest populations can be reduced.



We still need to know why these natural agents occur 
at such low levels in nature and current investigations 
should be directed along these lines.

Laird: At the conclusion of a preliminary survey of 
Edmonton's gastronomic possibilities last night, my 
fortune cookie contained not one but two slips 
lettered “Highlight imagination, original approach". 
So here goes, in hopes that a discussant's licence at 
this Symposium extends to previous sessions where 
relevant; and in full confidence that everything 
important has already been said, anyway, by the 
readers of those three excellent papers this morning 
and by the two preceding discussants.

For one message came through to me, loud and 
dear, from yesterday’s session -  that chemical 
control, biological control, third generation pesticides 
control and the rest, are all misleading phrases which 
severally hold out hopes of altogether illusory 
panaceas or imply disciplinary cleavages that should 
never have been allowed to exist. Whether our 
individual interests centre upon the chemical control 
weapons to hand at this moment, future hormonal or 
genetic control procedures, or the impending develop
ment of marketable biological control procedures 
that really work, there must be few among us who 
don't recognize that tomorrow’s approach to biting 
fly control is going to be an integrated approach -  
one in which chemical, biological, mechanical and 
other procedures arc going to be used conjointly, 
against a background of exhaustive ecological under
standing of the target pest or vector, and in 
methodologies combining maximum selectivity and 
effectiveness with the irreducible minimum of 
undesirable side-effects upon non-taiget organisms. 
Hopefully, too, these methodologies will not saddle 
us (especially those of us who live in the less affluent 
countries or the poorer regions of so-called 
"developed" nations) with overly expensive bills to 
pay. Hopefully, again, by the time, perhaps a quarter 
of a centuiy from now, when we are ready to pul 
integrated control methodologies to work against 
biting fly pests and vectors on a widespiead basis, we 
will have seen to the training of the necessary 
numbers of appropriately qualified entomologists 
who will be needed to implement such 
methodologies. Point One ~ Biological control is not 
going to be an end in itself but is and will remain a 
component o f  integrated control, firmly based upon 
an enlightened biological approach.

Yesterday morning, Dr. Maurie Provost quoted 
Aldo Leopold’s apt remark about the danger of the 
PhD’s becoming “as callous as an undertaker to the 
mysteries at which lie officiates". He also, 
incidentally, mentioned whooping cranes, which have 
become one of the most frequently quoted examples 
ol an endangered species, pushed to the wall by man's 
technological juggernaut crushing its way towards an 
cvcr-highcr GNP. I think I can claim to have thought 
and worked as an ecologist since before ecology 
showed signs of becoming a religion -  and like many 
others in this room I both like whooping cranes, moas 
and dodos; and recognize that extinction has always 
been a necessary part of the evolutionary process. 
Being human, we tend to take a tender interest in the 
beautiful losers wliilc ignoring the scruffy and 
ubiquitous success stories like house sparrows and 
dandelions. So we condone the spending o f millions 
of dollars upon research pertinent to the last small 
handful of whooping cranes, while turning a blind eye 
to the whittling away of the U SD A 's  biological 
control strength, the Canadian Armed Forces’ 
entomological strength and the parsimonious funds 
presently made available by governments for R & D 
towards more effective and selective biting fly 
control. Perhaps one solution might be to apportion 
government allocation of the taxpayer’s dollar to 
more realistic goals titan those sometimes selected. 
There might, for example, be more money available 
for research towards integrated control in public 
health entomology if we did as one cynic has
suggested and allotted a fraction o f what we’re now 
spending on those last whooping cranes to the goal of 
leaching ordinary cranes to whoop. Point Two -  IFe 
need more financial support.

Seriously, though, Dr. Brian Hooking's urging that 
we incorporate more and belter entomology in
curricula with better biological content, makes a great 
deal of sense. And I would hope that the
entomological community a quarter of a century 
from now will contain a higher percentage of old- 
fashioned observers than the present one does. New 
modelling and other techniques have at one and the 
same time opened a door to the future and caused 
many o f us to forget the already-old saw about 
computers -  “garbage in, garbage out”. Also, recent 
preoccupation with monofactorial laboratory
experimentation as a basis for free extrapolation, has 
produced a disquictingly large number of highly 
specialized but narrowly experienced entomologists. 
Some of these, if put to the test, would experience
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difficulty in distinguishing between anopheline and 
dixid larvae. They might also prove reluctant to leave 
aii-conditioncd laboratories and risk getting all 
muddied up in the field. Point Three -  The biological 
component o f integrated control and indeed the 
whole future o f biting fly  control demand more and 
cvcr-better entomologists.

It has been encouraging throughout this meeting 
so far to hear so many contributors speaking from 
experience about the continuing need in biting fly 
control for DDT -  the lack of which would represent 
a severe setback to vector control in developing 
countries still struggling with malaria, onchocerciasis 
and other such diseases. Also, it is worth recollecting 
that the latest edition of the International Health 
Regulations, issued by WHO in 1971, lists only three 
formulations as acceptable for this facet of inter
national quarantine activity. Two of these formula
tions, one of them the Standard Reference Aerosol, 
contain DDT. Moreover, in my view, the efforts of 
some environmentalists to have D DT  banned 
represented a real body blow to integrated control. 
For if we’re ever going to develop practical integrated 
control methodologies that can be depended upon for 
depressing vector populations to the point where 
disease transmission (whether to man, domestic 
animals or wildlife) ceases, we're going to have to 
have available, for selective use as required, the widest 
possible selection of weapons in our armoury. There 
will be occasions and situations where a relatively 
cheap, unusually safe and highly persistent pesticide 
like DDT will be an essential component of integrated 
control methodologies. Surely, then, one of the major 
challenges facing us is to find ways of ensuring that 
wc derive maximum benefit from all the control 
options available to us, including DDT. with the 
absolute minimum of undesirable side-effects. This is 
going to demand hard, slogging efforts on all our 
parts towards more and more selective field 
application techniques implemented under more and 
more effective (and effectively enforced) regulations 
based upon solidly scientific criteria for environ
mental quality. Point hour -  biting fly control in all 
its aspects (biological, chemical, mechanical, and the 
rest) is going to have to he conceived, implemented 
and monitored under wisely legislated regulations. I

I think it was Dr. Al West who remarked that'we 
need standards for biting fly control practice such as 

those already in existence for spruce hudworm 
control. The landing rate of blackflies was mentioned

as one such standard. With all due respect Al, 
standards (a basis for regulations) arc themselves 
founded upon scientific criteria, a criterion being a 
basis for judgement, in the area o f biting fly ecology 
and vector-borne disease epidemiology, we have 
scarcely begun to explore such criteria. Without 
them, we’re only name-dropping, as it were, in talking 
about biological control as an ingredient in integrated 
control. For example, how do wc assess the gravity of 
a biting fly pest problem? Usually, I suspect, wc do it 
on the basis of heavy mosquito, blackfly, or tabanid 
attack on town-based people experiencing their first- 

cver, or firsl-of-thc-season, such exposure to these 
insects. Especially in the more northern areas where 
biting flics are most prevalent, wc seldom bother to 
ask local people whether they regard a particular 
incidence of biting (lies as constituting a |icst 
problem. Wc forget,’ too, that (especially in these 
same northern tegions) omilliophilic blackflies and 
mosquitoes spread blood parasites to wildlife. Avian 
malaria caused by species o f the genus Plasmodium 
and spread by mosquitoes, and Icucocytuzounosis 
spread by blackflies thus suggest themselves as 
possible biological criteria relating to the better 
definition of biting fly pest and vector problems. For 
example, can wc hope one day to be in a position to 
say that incidences of particular avian haernatozoa 
above particular levels constitute a health hazard to 
wildfowl populations, and that such incidences can be 
used, together with more precise evaluations o f pest 
situations from the human standpoint, as scientific 
criteria for standards and regulations determining just 
when integrated biting fly control measures should be 
implemented? I suggest that wc can, Point Five -  We 
need scientific criteria, including biological (and 
perhaps sociological) ones for the development o f a 
sounder range o f  standards in our field.

The Status of BiologicaJ Control 
in Medical Entomology

Leaving the potentialities of genetic control to 
somebody more competent than I to deal with it, and 
observing that mosquitoes and blackflies arc 
unhappily free from the entomophagous insect 
parasites that have proved so useful in economic 
entomology (despite the facts that there arc scattered 
iccords of tiny hymcnoplerous parasites o f  simuliids, 
and a mention of f/ossible entomophaga from 
mosquito eggs), I propose to consider only two
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aspects of biological control in this discussion both 

of them as ingredients in intcgiatcd contiu). hirst of 
all, the role of predators must be recognized. Our 
only real success story in the biological control of 
mosquitoes (setting aside Dr. Docking’s purple 

martens and Dr. Campbell’s Malaria -  Fradicating Hat 
Roost*, concerns larvivorous fish, ! 1 best known of 
these arc the guppy, PoecUta reticula ш and Gambusia 
affinis, the top minnow. Gambusia has already been 
mentioned in this symposium, interestingly enough 
never beyond the specific name of "affinis". Tltcic 
are in fact subspecies of this fish, but it's a 
long time since I heard any mention of possible 
differences in behaviour and feeding patterns between 
Gambusia affinis affinis and Gambusia affinis 
holbrooki. The extensive literature on mosquito fish 
doesn’t tell us very much, cither, about which 
subspecies was intioduced where in the I9 2 0 ’s and 
1930’s. But some recent papers by Myers, Alwyn 
Wheeler of the British Museum and Hurlbut and 
others suggest that “Gambusia affinis" has, through 
possessing much more omnivorous propensities than 
was popularly supposed, had long-term adverse 
effects upon aquatic ecosystems. Myers and Wheeler 
have indicated that mosquitofish have disrupted 
populations of economically and aesthetically 
desirable indigenous fish. Hurlbut and his co-workcrs 
(in SC IEN C E  for 11 February of this year) have 
demonstrated that by greatly reducing herbivorous 
zooplankton Gambusia predisposes towards 
phytoplankton blooms and so contributes towards 
eutrophication — just like all those nasty chemical 
effluents. Point Six -  Before embarking on field 
introductions o f  biological control agents against 
mosquitoes and other biting flies, we must obtain 
much more exhaustive baseline information than we 
have done up to now on the total ecology' o f  the 
ecosystems (especially aquatic ecosystems) 
harbouring those life-history stages o f  our target pests 
or vectors selected for attack: and we must be very 
much better informed limit we have usually sought to 
be in the past on the ecological tetrameters o f our 
chosen biological control agents, lit (Mirentheses we 
should be paying attention to bettering our 
taxonomic standards in this context, too.

Point Seven -  We need more candidate (washes 
and pathogens for consideration o f  their biological 
control potential. V ic means o f obtaining such

•Campbell, C.A.K, 1925. Hals, mosquitos and dollars. 
Iloston, Stratford. 2(i2 pp.

material is already in operation via die World Health 
Organization's global survey featuring the now well- 
known pocket kit and Dr John Briggs’ WHO inter
national reference centre for diagnosis o f diseases o f  
vectors (at Ohio State University).

Point fright -  is closely related to the last m o  
Just as we have a duty to ensure that we use chemical 
pesticides in so selective a uor as not to pose 
significant hazards to the health o f  man. domestic 
animals and wildlife, so must we ensure Huh 
candidate microbial control agents -  be they viral, 
bacterial, fungal, protozoal or helminthic -  do not 
endanger health cither. Not enough wotk has been 
done in this field and scarcely any as regards three 
leading candidate microbial control agents in public 
health entomology -  mermithid nematodes, 
microsporidan protozoa and Coelomomyces fungi. 
This was emphasized by a symposium of the 4th 

International Colloquium on Invertebrate Pathology 
at College Park, Md., in 1970 and rc-cmphasizcd by a 
symposium of the first European Multi-Colloquy of 
Parasitology' in Rennes, France, last fall. Also, a 
Working Parly of the Society for Invertebrate 
Pathology has been formed to explore further 
relevant research needs and priorities.

Finally, whal about the present availability of 
microbial control agents? There seems to be wide
spread agreement that these constitute our best hope 
for the biological control of biting Hies, at least in the 

'reasonably near future. Well, despite some promising 
field trials, we can’t yet mass-pioducc niicrosporidans 
or Coelomomyces. The prospects for mermithids of 
mosquitoes look good, though, and collaborative 
studies towards the mass cultivation o f mermithids of 
blackfiies, as well as of niicrosporidans and 
Coelomomyces, arc being planned in Newfoundland 
(which fut Ernie Bay’s benefit is not all that far 
north). For llaiold Chapman’s advice, I registered his 
point about my finishing off my section o f a joint 
paper on a Coelomomyces from Louisiana 
Toxorhynchites. This is a particularly ini cresting 
association. It features one of the leading candidate 
pathogens for eventual use against mosquitoes, 
destroying what some people fed to be one o f the 
leading candidate predators for eventual use against 
mosquitoes.

Point Nine -  H's necessary to solve this problem 
of mass-producing these organisms lo open the way 
to industrial R & D and scaling up. against the day
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when it becomes profitable to market Coelomotnyees. 
microsporidun and mermithid concentrates able to 
give rcstdts in the field in accordance with their use 
following instructions on the label. That, and only 
then, is biological control likely to attain its rightful 
place in integrated control. Like Dr. Rai, though, I in 
an optimist at heart and with him can see that light 
shining at the end of the tunnel.

/ </ be prepared to gamble on some exciting results 
within five vears, granted reasonable support.

Anderson: In closing the discussion I first wish to 
thank the three speakers who addressed us this 
morning and the discussants whom we have just 
heard Although the discussants admirably covered a 
number of significant points, unfortunately for me 
little has been said up to this point about the 
potential for genetic control of biting dies. I know 
little about this field myself, but I do have some 
questions l would like to ask. The firs! question 
concerns the possibility of univoltinc northern Acdes 
species having hétérogonie eggs in which perhaps only 
20%  of the eggs in each clutch would hatch alter a 
given Hooding. Since this is the case for many salt 
marsh mosquitoes at least, I wonder whether in such 
instances one would have to release an alien genotype 
into these populations for something like five con
secutive years to achieve the population reductions 
Dr. Rai postulated.

In his slides Dr. Rai showed eight potentially 
useful mechanisms for genetic control of mosquitoes, 
but I wonder if there might not be a ninth possibility 
in autogenous strains which might act as competitive 
ecological homologues of anautogenous strains. In 
summarizing the results of about ten Held trials in 
which genetic c Tirol o f four mosquito species was 
tested, I believe Dr. Rai listed four of the trials as 
being successful. In view of the limited lime Dr. Rai 
had to present his data I do not wish to be overly 
critical or conservative, but before we accept his 
evaluation of these field trials, perhaps we should 
hear more about what criteria were used to judge 
whether or not the dials weic successful. I also would 
like to know if the methodology was practical, if it is 
being used now, and if there are plans for large scale 
releases. Do the test areas, for example, no longer 
have a mosquito problem? Another reason for these 
questions regarding genetic control is that the current 
large influx of screw worms (e.g. U.S. Dept, o f Agric., 
Coop. fxon. Insect Rpt. 22:214,271) into Texas and

adjacent states has aroused my cuiiusity. In view o f 
the large numbers of flies involved, 1 wonder if 
anyone in the audience knows if a Mexican genotype 

is behaving diffeicntly, oi what the explanation for 
this current outbreak might be?

The other point that struck me about Di. Kai's 
inosculation was his slide of the huge pile of tires and 
its relationship to the Acdes aegypti problem. I must 
say that almost every time I have heard an Ac. 
aegypti problem discussed. I have seen similai pic
tures showing a mountain of tiies which was identi
fied as a major source o f the problem. Following the 
dengue outbreak in the Caribbean islands a few years 
ago, I saw at meetings slide.after slide of such piles o f 
lires, and when my colleague. Dr. McClelland, re
turned from Africa a year or so ago, I saw slides of 
more piles of tires; again this morning I saw more 
slides showing piles of old tires! It certainly seems to 
me that the W.H.O. and other organizations are 
missing the fundamental solution to the control o f 
Ae. aegypti and the pathogens vectored by this 
species by not supporting research projects on the 
potentialities of recycling old tires. Also, there 
perhaps might be a better cost-benefit return asso
ciated with the recycling of used tires. The elimina
tion of breeding sites by recycling used tires probably 
would not cost as much as other practiced methods 
of control and it also would represent a permanent 
solution to the problem. Sometimes man’s approach 
to solving problems makes one wonder whether we 
really want to solve the problems.

Dr. Laird mentioned use of the mosquito fish, 
Cambusia affinis, and Dr. Ray commented on the use 
of G. affinis in rice fields near Fresno, California, 
U.S.A., by Hoy & Reed (1971). Dr. Hay pointed out 
that Hoy &  Reed (1971 ) reported acceptable control 
of Cule,K tarsalis by introducing only 100 giavid 
female fish per acre. I would like to point out, 
however, that at times fish also can create a mosquito 
problem, at least a temporary one. For example, Hoy, 
ct al. (1972) found that in rice fields near Sacra
mento, California, U.S.A., a stocking rale of 0.2 lb. 
(100 fish) per acre resulted in a significantly greater 
number o f mosquito larvae after one month in 
stocked fields than in untreated check fields. Fields 
stocked at 0.6 lb. (300 fish) per acre had significantly 
fewer larvae than check fields (18 replicates of each). 
As fields receiving only 100 fish/acrc had significantly 
more mosquito larvae, it appears that the fish 
indiscriminately feed on all invertebrates present.
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including various predators. After a month the fields 
receiving 100 fish/acrc showed considerable reduc
tions in the numbers of mosquito larvae present. In 
California rice fields mosquito fish thus seemed to 
cause an adverse disruption in the indigenous inverte
brate predator populations. Dr. R. Washinofin press, 
Proc. Calif. Mosq. Control Assoc., 1972) has found 
some interesting correlations between numbers of 
inosquilu larvae in rice Helds and numbers of arthro
pod predators. Tire oilier interesting point in the 
paper by Hoy et al. (1972) was the evidence for 
resurgence of the Culex tarsalis population in rice 
Helds after being treated with an insecticide. The 
Helds were treated the second week of June and by 
mid-July a marked resurgence was already in effect. 
In July and August all the fields that had been treated 
in June bad larval populations that were significantly 
greater than those in the untreated checks.

One suggested measure for increasing insect 
predators in rice Helds in California (Hoy, J. B., pers. 
comm.) is the use o f large, bright lights to attract 
beetle and bug predators into rice Helds to prey on 
the mosquito larvae there. However, in rice Helds, Hsh 
might be easier to manage than arthropod popu
lations. At least once they are in the Helds they tend 
to slay there instead of Hying away as the mosquito 
larval populations decline. This seems to be one 
advantage Hsh have over insect piedatois.

Although it may be only a rather minor point, I 
cannot agree with Dr. Bay’s historical account of the 
development o f biological contiol methods for flics 
of medical importance in California. I would look at 
numerous events occurring prior to 1961. In fact, one 
could go back as far as the early use of Gambusiu by 
llerms (1928). Nevertheless, historical events aside, in 
spile o f  all the research conducted on the natural 
enemies of filth Hies in California and elsewhere (e.g. 
Anderson 1965, Axtcll 1970, Lcgner & Hay 1970, 
Lcgncr & Brydon 1966, Peck &  Anderson 1969, 
Wicht & Rodriguez 1970) only integrated (not simply 
biological) control programs have pioved at least 
partly successful.

When Dr. Bay compared monocultures with 
natural ecosystems it seemed to me that he implied 
the funner were rather simple systems, but I would 
like to point out that monocultures are not neces
sarily simple ecosystems. There may be nearly 100 
species of arthropods (Anderson 1964), for example, 
associated with a modern stretchwire poullry ranch in

California -  by no means a simple ecosystem. Even 
the large monocultures o f  cotton and alfalfa in 
California support a diverse insect fauna (van den 
Bosch & Hagen 1966).

Several people already have mentioned that the 
development and release of pathogens, in many cases, 
is first going to depend upon our being able to 
colonize various pest species. Unfortunately, thus far 
this has been largely unsuccessful with univoltinc 
species, except for a very few species of mosquitoes. 
Another point to be dealt with is that large scale field 
tests are needed to evaluate sonic of the more 
promising pathogens. Fortunately, Peterson and Hoy 
currently arc conducting a Held test with a nematode 
parasite of mosquitoes in California (Hoy, J. B. pers. 
comm.). Perhaps Dr. Chapman will elaborate further 
on this test.

One point I have long been curious about and 
previously asked Dr. Chapman about, is that in field 
collections one finds rather typically, I think, low 
percentages of insects infected with pathogens. Is this 
because the predators selectively eat the infected, 
“sick” individuals? I am not aware of any research 
that has been concerned with this possibility, but if 
this is the case, 1 wonder what one would gain by 
encouraging both pathogens and predators. This 
might, in fact, represent a situation analogous to 
mosquito Hsh and various insect predators in rice 
fields. Another point of concern associated with tire 
release of exotic microbes is that wc should be as 
certain as possible these will not displace the in
digenous bioregulalory species in a super first year. 
For example, if the introduced pathogen initially 
caused 90%  mortality or more in a host population 
and then the pathogens themselves were eliminated 
by unfavorable climatic conditions in a subsequent 
year, how would the pest species respond in subse
quent years if its natural enemies had been dis
placed? Another point I wonder about is the effect 
o f various pathogens on non-target organisms. Dr. 
Laird mentioned that microbial control agents used 
for biological control should not endanger health, but 
I also think we are just ns obligated to determine that 
such pathogens have no adverse effects on non-target 
organisms other than man as we are for pesticides.

Another question we probably should ask our
selves today is, to what extent is there duplication of 
research effort? And another question might be, who 
are we developing these control techniques for? For
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example, I recently saw a television program on 
California agriculture which emphasized that because 
of automation, corporation fanning, etc., 7h  of the 
eggs in California arc produced by six to eight 
randies. If such poultry ranches are having problems 
with pest flies for example, one wonders about (he 
traditional concept of the state experiment stations 
associated with universities and the types of problems 
which should receive priority from its employees. 
Does anyone other than those few individuals or 
corporations stand to benefit from the research of 
experiment station and state health department 
entomologists'? Also, along somewhat similar lines, is 
the expertise and considerable time of university and 
experiment station entomologists devoted to pas! and 
current testing and evaluation of commercial pesti
cides analogous to governmental subsidy of other 
programs. A final point perhaps, is that I sometimes 
wonder about which species receive our research 
efforts. In California for example, we have three 
important mosquito species, Anopheles freeborni and 
C. tarsalis in rice fields and Ac. nigromaeulis in 
irrigated pastures. The latter two species loom as real 
threats to man’s welfare because they now arc 
resistant to so many insecticides in many areas of 
California (c.g. Wonicldorf et al. 1971). Despite the 
pressing importance of these three species, con
siderable research has been conducted in recent years 
on the tree hole mosquito, Ac. sierrensis, and other 
minor pest species, while perhaps not enough has 
been devoted to the major pest species. Although this 
research is interesting from an academic viewpoint, I 
wonder about the practical point of view at times, 
and why wc sometimes seem to avoid the difficult 
species causing problems of an immediate nature. In 
the case of species like tree hole breeders,' one 
wonders how much infonnation would be applicable 
only to other species breeding in tree holes, and in 
how many areas of the world tree hole breeders ate 

really important?

Dr. Provost mentioned that manipulating soil and 
water was basic to farming and he stressed that 
improvements in agronomy and range management 
also solved pest problems. I wish this were always 
true, but in California and a number of other areas 1 
am familiar with, all or nearly all of the biting fly 
problems and the other fly problems of today seem 
to have resulted from man’s manipulation of natural 
ecosystems. Perhaps such changes cannot be con
sidered “improvements”, but in any event, they 
include manipulations related to modern agriculture

and to current living conditions, and recreational 
areas. In my view these manipulations seem to have 
caused or changed our insect problems. The major 
biting fly problems in California arc represented 
primarily by mosquitoes, species that arc associated 
with irrigated pastures and rice fields. Years ago the 
salt marsh mosquito problem was largely solved by 
habitat manipulation, hut since then agricultural 
practices in the central valley have created other 
serious mosquito problems. Another biting fiy prob
lem wc have, is that of Stomoxys ealcUrans, whose 
abundance is due to such current agricultural prac
tices as cattle fccdlots, slatted calf pens and stretch- 
wire poultry ranches. In California, problems like this 
and the hordes of mosquitoes produced as a by
product of man’s manipulation of an ecosystem (c.g., 
irrigation of fields or construction of reservoirs) arc 
being considered more and more as pollutants in the 
same sense as chemical pollution of water or odor 
pollution of air. At the same time however, the 
hordes of mosquitoes that often cminate from salt 
marshes, duck preserves, etc., are considered part of 
"nature”. If the California biting flies are pollutants 
are the Canadian species a form of “wildlife”?

Dr. Provost indicated yesterday that the per
centage of crop losses due to insects has not declined 
since the introduction of insecticides, and Dr. Rai 
stated he felt populations of mosquitoes have re
mained the same over the years in spite of chemical 
control efforts. I do not know the situation for crop 
losses, but the statement about mosquitoes is a 
generalization 1 cannot agree with. In some areas of 
California there may he larger populations of mos
quitoes today than in former years, but there also has 
been an increase in the land area irrigated. However, 
for most areas o f the U.S. I believe there are far fewer 
mosquitoes now than in former years. This has 
resulted from conscious control efforts and, in part, 
from urbanization wherein asphalt simply has re
placed mosquito breeding sites.

One potential method of control mentioned by 
Dr. Peterson was the use of traps. In recent years I 
have been working with COj-baitcd traps which 
attract and catch tremendous numbers of blood
sucking flics. Such baited traps do have potential for 
reducing populations of biting flics (Anderson & Hoy
1972), but up to the present they have been used 
primarily in basic research.
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Dr. Peterson’s suggestion that we arc concerned 
basically with man-biting flies was too restrictive for 
me. Fiom my perspective I feel we also need to 
include in our atea of concern a number of biting flies 
which affect livestock as well as man, this would 
include the horn fly, Haematobia irritam. the stable 
fly, Stomoxys calcitrant, and in all probability, the 
face fly, Musca autummlis. T'.vc other minor points 
of controversy I wish to mention before concluding 
on an agreeable note are: I) I do not think wc have 
been as naive in judging the severity of biting fly 
problems as Dr. Laird suggested, and 2) I do not look 
with alarm at the vectoring of host specific species of 
icucocytozoon and other Hcmatozoa to wildlife. In 
the case o f the latter organisms, I feel they arc an 
essential part of an ecosystem in which they function 
to keep the system in a gently oscillating balance; one 
might even conclude on a teleological basis that such 
parasites have survived because they were in some 
way beneficial to the host species. With respect to the 
first point, I feel that in most instances the severity of 
biting fly problems has been first recognized and 
complained about by the local inhabitants before 
anything much has been done about the problem. 
Mosquito abatement districts, for example, generally 
evolve at the local or grassroots level. However, there 
arc exceptions like vacation and resort areas where 
tcmporaiy visitors can play a significant role in 
evaluating a biting fly problem. But these generally

are located in limited, somewhat unique areas which 
accounts for their popularity.

In conclusion, I agree with Dr. Laird’s suggestion 
for an interdisciplinary approach to control of vector 
or noxious species in the future with individuals in 
many different disciplines directing their efforts 
toward a primary taigct organism. J jIso agree with 
the implication that future attempts to control these 
species should be carried out within the context of a 
broad integrated resource management program. Drs. 
Hocking and Laird both emphasized the value of 
education for both future students and the general 
public, and Dr. Laird noted the limited usefulness of 
computers for solving ecological problems if future 
biologists rarely set foot in Uic field. These points arc 
well taken, but I also would note that, at least in the 
U.S., with more and more o f our present-day students 
having metropolitan rather than rural backgrounds, 
the structure o f many of our biology and entomology 
courses is going to have to be modified to the extent 
o f including more field trips, field lectures and field 
exercises, and perhaps a comprehensive summer field 
course such as is required at the University of 
California. This, hopefully, will be one way of 
insuring that the next generation o f biologists will, as 
Dr. Laird and others hope, contain more observers 
than docs the present generation.
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OPEN D ISC U SS IO N

Fredccn: Would there be any interest in a short 
discussion o f insect pheromones?

Judson: While we usually think of air-borne chemicals 
as pheromones, there is one very interesting example 
of a non-air-borne chemical, namely matrone, which I 
think satisfies the requirement of being a pheromone. 
Malronc might be of potential usefulness, although as 
Dr. Rai has said, there would be a number of 
problems in development. However, 1 think the 
potentiality is great enough that matrone should be 
tested further.

Osgood: During the past 3 years wc have been 
working on an oviposition pheromone of Culcx 
tarsalis. It is present on the eggs, contributed by the 
female, and appears to he a 1,3-diglyceride. This 
summer l)r. McLintock and I plan a preliminary field 
trial o f  this pheromone to determine its effectiveness 
in the field.

Downes: From what little is known of sex phero
mones in biting flics, it appears that at best phero
mones are restricted to an extremely short range 
effect of a few inches only. If  one is looking for the

possibility of controlling biting flics through the 
process of assembly o f  the sexes for mating, then I 
suggest the process to address one's self to is that of 
swarm formation. In many species a large fraction of 
muling takes place in swarms. In all species it would 
appear that these swarms are determined by definite 
situations in the cnviioiimcnt that can often be 
mimicked successfully artificially. There is scope for 
experimentation along the lines o f  creating swarms 
artificially and so exterminating the males by the 
thousands and millions by some very simple mechani
cal device or other process,

Provost : I would like to follow up on Downes’ 
remarks. Especially if wc are to resort to genetic 
methods of control, it is quite important that we 
know all the details of insemination in nature by 
biting flics. In a recent study to determine the time of 
insemination o f A odes tacniarhynchm, we found the 
females had to be more Ilian 30 hours old before any 
significant amount o f insemination occurred. This 
was particularly surprising in view o f  (he observations 
made by Ors. Nielsen and llaegcr and myself several 
years ago that thousands, if not millions, o f fcinaJc A. 
tucniorhynchus mated on the migratory exodus.
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Obviously, insemination does not occur in this 
"mating” at the time of the migratory exodus and 
most likely takes place in male swarms later. Con
sequently, I think the point brought out by Downes 
is significant. If  we want to learn mure of the exact 
circumstances of insemination in nature we need to 
pay more attention to the male swarms.

Anderson: For a number of years I have been 
working on blood sucking flics in California that 
attack deer. I have found that in all cases the females 
are inseminated before they seek the host. Thus 
mating always preceded blood feeding in Qdicoidex, 
culicids, simuliids, ta ban ids, and ragionids collected 
feeding on deer or collected in COj-baited traps.

Laird: In this entire Symposium to date we’ve spoken 
of "control" in the sense of “control of adult female 
and larval biting flies." We find remarkably little in 
the mosquito literature, for example, on the control 
of eggs, pupae and males. I wonder whether we’re 
missing a trick here? All male mosquitoes (and some 
females, in northern latitudes) feed on plants, 
whether from flowers or at stomata. The important 
issue of whether they display specific feeding habits 
thus arises. There is some evidence that they do, from 
work undertaken by Professor A. A. Abdel Malck 
(Cairo University) at Chalk River and at Siwa Oasis 
on the Libyan Plateau. Does this open up an 
unexploitcd pathway to control? Could wc hope to 
consider applying the infective stages of certain 
microbial control agents to plants that arc food 
sources for male mosquitoes (let alone northern 
females), so as to bring about morbidity ami mor
tality -  perhaps even transmission of pathogens 
between the sexes? Again, if that proved imprac
ticable, could chemical pesticides or chemostcrilants 
be brought into contact with adult mosquitoes via 
topical application to food plants? O f course, in
vestigations along these lines would call for fuller 
baseline information than is yet generally available on 
such tilings as whether or not male mosquitoes 
normally feed before insemination takes place.

Bclicck: Many, if not all, biting Hies require a specific 
microorganism, symbionts, to sustain life. This life 
dependency of insects on their symbionts offers a 
good mechanism for control of these insects. It may 
be easier to control insect symbionts and subse
quently the insects themselves ratlici than to control 
insects directly by other means. Because this area of

control was not mentioned, I would like tu ask if 
anyone can inform us about the potential and 
feasibility of control in this area? Has any research 
been conducted along these lines?

Poinar: This is a very good point and other than a 
project concerned with control of Gtossiua by 
chemically affecting their bacterial endnsymbionts. a 
rather neglected one. It is amazing that this area 
hasn't been investigated further.

McLintock: Wc should not forget that, at least if my 
memory serves me right, only those insects which 
feed 100 per cent on blood in their entire life cycle 
have symbionts, while those that have other sources 
of nutrients, do not.

Bay: In his discussion, Dr. Poinar commented about 
Dr. Reeves finding a pathogenic bacillus in Acdcs 
species. What is significant, I think, is that this 
bacillus is from Culex tarulis, and is not particularly 
lethal to the Culex group. And so, we go back to 
traditional parasitology where a parasite in a mis
placed host may be more devastating than in its 
natural bust. Perhaps wc should be looking more in 
this direction: picking up parasites in related species 
where they arc in some form of balance with that 
particular host and trying it in other species o f the 
same genus or family.

Service: One sees the mosquito iridescent virus in the 
fourth instar because it is iridescent. I presume the 
virus is present in younger instars, but the viral load is 
not great enough to cause interference. I would like 
to ask Dr. Chapman if there is any information on the 
mortality in the younger instars?

Chapman: If one exposes first instar larvae to M IV  
particles, a certain number o f larvae will become 
infected, but this infection is not visible. When the 
larvae reach the third or fourth instar, some will start 
showing symptoms of the infection. If  there are virus 
particles still in the habitat, some of the third and 
fourth instars will pick them up, but 110 signs of 
infection are apparent arid the larvae do not die. The 
females will pass the virus to the next generation. In a 
recent paper by Suirunc'rs and Stoltz where Acdes 
tacniorhynchus larvae were exposed to M IV  and then 
sectioned it was found that degradation of the virus 
particles was so rapid that not enough virus was 
available to get into the liucmococl and cause 
infection.

102



Anderson: I would like to ask Dr. Chapman il he 
thinks insect pathogens should be subjected to the 
same screening criteria as pesticides?

Chapman: 1 certainly think insect pathogens should 
be screened. We should know all about the non-target 
organisms. Another item which should be of concern 
in this regard is the possible resistance of pathogens 
and parasites.

Rai: I would like to answer some of the questions 
posed by the discussants. One question by Dr. 
Anderson concerned the umvoltine mosquitoes in 
northern Canada and would one have to introduce a 
genetic factor for several years to get control because 
there is only one generation a year. As consideration 
of genetic control of Canadian biting ftics is pre
mature at this time, I can't answer this question 
completely. However, if and when genetic control 
mechanisms become effective for northern Canada, 
the number of generations per year won’t matter. 
When a genetic factor is introduced into a population, 
it remains and will manifest itself in following years 
as the population builds up in the spring.

D r  Anderson also asked if an autogenous form 
could be used to replace an anautogenuus one. Wc 
have mutations determining autogeny versus anauto- 
geny, so I agree that this is a good possibility for 
population replacement -  replacing either a vector 
with a non-vector or a pest with a non-pcst.

The third question is a significant one. Dr. 
Anderson asked about the criteria used to determine 
if trials involving genetic factors were successful. The 
criterion one uses is some type of population 
sampling method, c.g., release-recapture, which gives 
an estimate of total population density. I do not wish 
to leave the impression that, as of the present time, 
anything other than the feasibility of genetic control 
lias been demonstrated.

Baldwin: To be effective, large numbers of (lies in 
which a condition such as sterility from a transloca
tion has been induced must be released in wild 
populations in an attempt at control. How docs one 
produce large numbers of insects by laboratory 
rearing, when selected lines show significant sterility?

Rai: N 'cs. indeed, this may be a problem. However, it 
is precisely because of this difficulty that people arc 
really looking for translocation homozygotes which, 
in theory at least, should not affect the fertility.

Anderson: Considering that Aedes aegypti is an 
artificial container breeder, wouldn't it be possible to 
eliminate a high percentage of the population by a 
good dcan-up campaign rather than involving sophis
ticated approaches? What is WHO's overview in this 
regard''

Laird: I wish to support Dr. Anderson’s remarks 
questioning the desirability of essentially long-term 
field studies of highly sophisticated approaches to the 
control of Aedes aegypti in Southeast Asia, Like him, 
I cannot hut feel that as was so clearly demonstrated 
in the successful campaign against yellow fever in 
Cuba at the turn of the century, this important 
disease vector can be controlled on the basis of 
already-existing knowledge. Purely sanitational 
nicasuies can be, as they have been in the past, 

brought to bear on A. aegypti's domestic container- 
type larval habitats so as to interrupt disease transmis
sion. From personal experience of the region where 
haemorrhagic dengue is now being spread by A. 
aegypti, I am well aware of the considerable difficul
ties awaiting sanitation personnel endeavouring to 
destroy, mosquito-proof or otherwise deal with the 
production of this mosquito from, artificial con
tainers. But the job, including that part of it asso
ciated with the problem of stacked automobile tires 
of economic importance at the local level, can be 
done. In this instance, to await the development of 
complex control methodologies with genetic and 
invertebrate pathology’ components seems somewhat 
parallel to awaiting the arrival of a flame-thrower 
before dealing with a case of shoplifting by a little old 
lady

Rai: In Theory I agree that container breeders such 
as Andes aegypti could be controlled by improved 
methods of sanitation, hut in practice the clearance 
of the tire dumps would solve only a small part of 
the problem, and in a city like Delhi it would be an 
cxtirmcly difficult task in itself. Were the solution as 
simple as has been suggested then the species would 
probably have become extinct long ago.

However, in some places essentially 100 per cent 
of the breeding places arc water containers inside 
houses. The reason we selected a tire dump for study 
was simply because it happened to provide an isolated 
population suitable for a feasibility study. First of all 
wc wished to collect data on various aspects of field 
ecology’ and population dynamics, and then to carry 
out feasibility studies for genetic control in the same
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areas. Our objective at this stage has not been to 
eradicate the mosquitoes from the tire dump, but

merely to use this site because it provided the 
conditions we required.

S U M M A R Y

Rapporteur............. P. S. Corbet

I am first going to review what was said by the 
speakers this morning, and then refer to what was 
said by the discussants and discussion leader; then I 
am going to try to separate out the main points that I 
think emerged frum today’s deliberations and that 
may constitute conclusions and possibly guidelines 
for action. There will be a little repetition in this, hut 
I hope not too much.

Looking now at the morning papers, the first one 
was a review of the applicability of biological control 
principles to medical entomology and the second two 
were papers on the state of the art and areas of 
promise, both in the use of pathogens and in genetic 
manipulation.

Dr. Bay’s paper was a thoughtful analysis of 
biological control as an approach, its strengths and its 
limitations when applied to medical entomology, and 
(lie extent of our present understanding of the 
reasons for these strengths and limitations. Biological 
control was defined, we learned what it is and what it 
is not. Dr. Bay referred to the ladybird fantasy and 
the great crusade, reminding us that success has its 
dangers unless we know why that success occurred, 
lie pointed out that, despite the dramatic success of 
the Vedalia introduction, we still do not know how 
to recognize in advance a successful control agent. It 
is still more an art than a science. However, we do 
know some of the attributes that a biological control 
agent must have if it is to be eligible for success. It is 
desirable (hat it be a one-host predator, more like a 
parasite than a predator; it must also have good 
searching ability at low host density. Dr. Bay re
minded us that natural enemies of mosquitoes, at 
least those that have so far been identified, are 
generally not so well suited for purposes of biological 
control, at least classical biological control. They are 
not completely reliant on their host, and they arc not 
host-specific. He then gave us a brief review of some 
highlights of the history of biological control in 
medical entomology. Comparing agricultural insects

with insects of medical importance against the back
ground of biological control, he pointed out that few 
agricultural insects become pests in the presence of 
natural enemies and without man's interference, but 
most biting (lies arc pests in the absence of man's 

activities and in the presence o f their natural enemies, 
particularly in Canada. Dr. Bay gave us a few 
examples of successful biological control programs 
involving medically important insects. Looking in 
detail at some of the agents which have been observed 
feeding on mosquitoes and other biting flics, lie 
warned us that it is one thing to record the existence 
of a parasite or predator; it is quite another to have 
identified a regulatory factor. Predators and parasites 
of biting flies appear to result in substitutive mor
tality rather than additive mortality, and it is additive 
mortality which is needed in biological control. 
Some of the advantages of biting flies as candidates 
for biological control are that the control can be 
applied during the life cycle because it is the adult that 
causes the nuisance or damage. A disadvantage is our 
great difficulty in coming to terms with pest toler
ance levels, particularly in the ease of biting (lies, the 
vectors of disease, because in this case, almost a single 
fly can be too many. Despite some of these difficul
ties that Dr. Bay identified, he saw biological control 
of biting flics as a viable area that we should continue 
to pursue. It will not have the impact efficiency or 
convenience of chemical pesticides, with the possible 
exception of certain pathogens which he considered 
approached these chemicals in promise, lie concluded 
by showing us illustrations of some particularly 
striking, but less familiar, predators of mosquito 
larvae and reminded us once again of the distinction 
between a predator and a regulator.

In the second paper, Dr. Chapman reviewed 
known agents reported from biting flies in four 
groups, and he gave his opinion of the promise that 
each group holds for a control method. In his 
introductory remarks lie pointed out that out of the 
150 or more pathogens and parasites that have been 
reported, only five so far have had field releases. This 
reflects the fact that only a few reach the stage in
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which they can be disseminated, and all these are 
mosquito pathogens. It also reflects our past reliance 
on pesticides and the correlated lack of support for 
basic studies needed to develop alternative methods. 
This situation has improved somewhat in the last two 
decades but it is now deter iuiuling .igain. in tire ease 
of Protozoa, the first of the four groups that he told 
us about, lie stated that almost half the Canadian 
mosquitoes have been reported as host of micro- 
sporidia but that only three species of mierosporidia 
could be maintained or transmitted in the laboratory. 
In the ease of fungi. Coclomomycrs looks promising 
in mosquitoes; it persists in ponds and it sometimes 
shows high natural infection levels. An obstacle which 
is shared by the protozoan parasites is that they arc 
not easily produced in large amounts of inoculant in 
the laboratory and so cannot easily be disseminated. 
Viruses of biting flics have only been known since 
about 1963 and the best at the moment seems to be a 
nuclcai polyhedrosis virus of mosquitoes. Research in 
viruses is still in its infancy.

The fourth group he told us about were the 
Nematoda, particularly the mermithids. These show 
excellent promise in blackflics and perhaps even 
greater potential in mosquitoes. The most promising 
agent at the moment appears to be Recsimermis 
nielseni, which after almost six years of intensive 
study can now he cultured in vivo in very large 
numbers and disseminated in the field. The existing 
methods pioneered in Dr. Chapman’s laboratory can 
produce enough inoculant weekly to treat 600 acres. 
In summary, Dr. Chapman said that too few agents 
have reached the stage when their potential can be 
tested. We need funds and people, and concerted 
effort on problems that have been identified as having 
high priority.

In the last paper this morning Dr. Kai told us 
about the progress of work in genetic control and the 
prospects of this method, lie gave us a progress report 
and an explanation of the most promising techniques 
available for genetic manipulation. Me considered this 
approach worth examination, in part because re
sistance was not likely to be a problem, and because 
it is very gentle in its environmental effects. Progress 
.so far in this area has been mainly theoretical but the 
results of feasibility trials arc encouraging. A point 
that lie made earlier on is that in order to get the 
necessary background knowledge foi a feasibility trial 
in genetic manipulation, it is essential that the target 
species can be coinni/.cd. So far this has meant that

only mosquitoes arc eligible for this kind of ap
proach Me said that gcnctical manipulation offers 
eight potentially useful mechanisms at this time and 
perhaps more. Five of these are types of stciilily and 
in addition there is cytoplasmic incompatibility, 
distortion of the sex ratio, and the manipulation of 
genes foi vectorial capacity. Me listed field trials 
undertaken in the past and now in progress and 
reviewed and explained current trials in detail. In 
particular, lie told us about the technique which 
involves the use of translocations and pointed out 
that this immediately results in fifty per cent sterility, 
but it also has the effect that it continues to pump 
translocations into the next generation of the popula
tion. Me listed species in which translocations are now 
under study and he listed different kinds of trans
locations. Me showed us also how simulation models, 
with the use of a cumputer, can indicate strategics 
and also allow us to review our assumptions. Me 
stressed that genetic control must be used with 
insecticides, that is, in an integrated control program. 
Me summarized by expressing his opinion that genetic 
manipulation has shown great promise in feasibility 
trials. He docs not know yet whether it will be 
satisfactory for widely distributed populations, and 
thus it may he premature for Canadian biting flies, 
although theoretically (and this came up again in the 
discussion) it seems extremely well suited to a 
problem of these dimensions.

Moving now to the discussion, I will pick out only 
a few points and hope that the rest will be covered in 
principle or in detail in my final summarizing 
statement.

Dr. Peterson reviewed the taxonomic status of the 
biting fly fauna in Canada for us. lie also listed some 
of the parasites of biting flics which had not been 
dealt with in the earlier reviews.

Dr. Poinar mentioned a number o f predators and 
parasites that have not been mentioned previously 
and in particular drew our attention to a bacterium, 
Hacillus thuringiensis Serotype I which is infective to 
species of Aede\ and which can now be grown on an 
artificial medium. International Minerals and 
Chemicals are propagating this and testing it now and 
he asked us to remember that they might make this 
material available to interested people who wanted to 
undertake tests in the field. Among other things, Dr. 
Poinar stressed the distinction between inoculation 
and inundation as biological control approaches and
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pointed out that if we arc talking about inundation 
which involves mass propagation and release, the 
indigenous agents that are now living with the target 
species arc eligible for study.

Dr. Laird pointed out that we should not speak ot 
or think of separate types of control as independent 
panaceas hut we should think of them more realis
tically as components of an integrated control 
program -  the kind o f program that will be needed in 
future- one that is based on thorough knowledge of 
relevant facets of biology. At the same time he 
expressed concern that such integrated control should 
not be prohibitively expensive and with this he had 
suggestions for more appropriate allocation of funds. 
A second point among his remarks that I would 
mention now is that Ur. Laird saw (he need in the 
future and against the perspective of such programs, 
for scientists who were not only narrow specialists 
but competent naturalists, capable of interpreting and 
synthesizing ecological information. He also gave it as 
his opinion that microbial agents offer one of the best 
hopes for the future and he saw it as a vital need that 
we solve the mass production problems, so that 
industry can adopt the manufacture of these and 
make them available commercially to users with 
instructions for use.

In the general discussion that followed, a few 
points came out which had not previously been dealt 
with. On several occasions, speakers emphasized the 
need for sound background biological knowledge on 
which to base our control strategies, our conceptions 
of control and feasibility trials. Other approaches 
which were mentioned at this time and that we 
should keep in mind were the use of pheromones, the 
exploitation or manipulation of swarming, the sub
stance known as ‘matrone’ which is transmitted with 
the seminal fluid of the male, and the exploitation of 
the fact that both sexes of mosquitoes Iced on plants 
or at plants. The possibility of manipulating the 
symbionts, the micro-organisms that are symbionts in 
biting Hies, was also raised as a possibility.

And now I want to attempt to summarize the 
main points which I fed have come out of today’s 
deliberations. I am going to offer these in a broad 
classification under four heads, f 1) basic points which 
underlie the whole subject we arc talking about, ( 2) 
general points which relate to biological control, the 
subject of today’s meetings. (3) our needs and the 
obstacles to progress which in some ways are the

same thing, and fourthly and finally, (4) a tentative 
recommendation for action.

basic Points

1. We must bewate of putting the cart before the 
horse. We need to know the questions before we try 
to find the answers. As Dr. Peterson says, we have a 
tendency to expect instant answers before we have 
enough information to formulate the questions.

2. If we arc going to talk about success, we need to 
have clearly in our minds the criteria for success and 
this means also the criterion of the nuisance we arc 
trying to mitigate or remove. We often lack such 
criteria, even though we carry out our tests and this 
means we must also know the objectives of the tests 
we undertake.

3. We need to have protocols that will enable us to 
study the side effects on man and other non-target 
organisms of the agents we use.

4. Only in this way, by having a clear idea of our 
objectives, the criteria by which we measure success 
or failure, and a flow chart for action in our 
feasibility trials, can we adopt a rational approach 
towards the resolution of the dilemma of reconciling 
environmental quality with man’s comfort and 
health

General Points

1. The distinction has been made between classical 

biological control (we may call that inoculation) and 
mass propagation and release (we may call that 
inundation), and most of the methods we have 
identified today as having the greatest promise arc in 
the latter category. They fall under the head of mass 
propagation and release -  or inundation.

2. biological control methods arc not self-sufficient 
but they should be seen as components, as one type 
of several chemical and non-chemical methods that 
can contribute to an integrated control program in 
the future.

3. When identifying agents of promise, in the case of 
inoculative or classical biological control, we need to 
distinguish between art agent which is seen to eat a 
target species and one which is a real regulatory 
factor. And, for invindativc biological control, we 
need to distinguish between the behaviour of poten
tial agents that can be observed in the laboratory and 
their real performance in the field.



4. Il was agreed thaï certain areas of biological 
control hold great promise, notably genetic manipula
tion and the dissemination of pathogens and especial
ly mermithids.

5. Such methods that we have been speaking of are 
inoic sophisticated, difficult and expensive in respect 
of the foundation knowledge that has to be obtained 
and the way in which it is applied than are conven
tional methods involving synthetic, organic, chemical 
pesticides. Thus they demand a realistic level of 
support whose continuity can be relied upon.

Needs for Progress and Obstacles to Progress

1. First of all, we need methods of colonization in 
vivo and in vitro, and effective dissemination tech
niques in order that we can control the production of 
agents we arc using, and for the genetic studies that 
are a prerequisite for genetic manipulation.

2. Л second need is for more background knowledge, 
especially in the area of a few key problems in the 
most promising areas.

3. The third need is that of communicating to the 
appropriate authorities the nature and dimensions of 
the needs of this area of research.

Finally, I have tried to bring together these 
thoughts in a recommendation for action with the 
emphasis on the practical situation and our im
mediate needs. In the present financial climate in 
which the support that we can expect for this kind of 
work falls far short of the needs we have identified, 
the best policy may be to focus our attention and 
available resources on the few methods that hold the 
greatest promise and lie closest to application, the 
reasoning behind this being that nothing is so likely 
to generate more support now ns one or two 
compelling successes. By success is meant something 
that can be applied on a sound economic basis, not 
only to vindicate a principle, essential though that is, 
not only to reduce population levels, essential though 
that is, but specifically to reduce the frequency of 
bites or whatever criterion it is that defines the 
nuisance we wish to relieve.
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PERSONAL-USE REPELLENTS AND REPELLENT- 
TREATED NETTING: A REVIEW OF THEIR 

EFFECTIVENESS AND RELATED APPLIED AND 
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Gainesville. Florida 32601

Throughout the world many species of biting flies 
cause annoyance and spread human and animal 
diseases. Among the biting flics that we might 
emphasize while considering personal protection 
measures arc mosquitoes, sand flics, black flics, gnats, 
tubanids, and stable flies. These insects are repre
sented by many species in many parts of the world 
and in certain areas occur in extremely large numbers. 
The most ideal solution to the problem of annoyance 
and disease would be programs designed to control 
and suppress these insects to non-injurious, low 
density or non-vector levels. However, in spite of all 
the progress made in insect control and drug therapy, 
the management and reduction of these populations 
is not possible in many areas fora variety of reasons. 
These insects have a tendency to occur, breed and fly 
over large and diverse areas of uninhabited as well as 
inhabited laud. The task of managing and treating 
large areas for controlling these insects is, in many 
instances, uneconomical and may be undesirable from 
the environmental point of view. Source reduction, 
management, insecticidal methods and prophylactic 
drugs may protect people in limited areas where 
population density is high. However, outside these 
areas, the currently available control and management 
techniques, though they might be effective, are not 
practical or economical.

Thus, there arc many areas throughout the world, 
in both developed and developing nations, where the 
use of protective clothing and repellents is the only 
means available to individuals for personal protection 
against the annoyance and diseases associated with 
biting tlics short of leaving the area or remaining in

screened or air-conditioned enclosures. This problem 
cun exist in one's own living area; on nature walks; in 
wilderness areas; while hunting, fishing or camping; 
while at work, play, leisure or asleep; or while armed 
forces personnel carry out their assigned tasks any
where in the world.

Before World War II. certain materials such as 
pyrethrum, sulfur, oils of citronella. eucalyptus, pine, 
lemon, pennyroyal, and tansy were used as repellents 
for insects. During World War II and the following 10 
years, many thousands of chemicals were screened for 
repcllcncy against blood-sucking insects. Many of 
them showed repellent activity. However, not all of 
them met the criteria for an acceptable repellent 
which included: ( I )  effective protection of a treated 
area for several hours with all types of subjects and 
under all types of conditions, (2) resistance to loss of 
activity by water, sweating and abrasion, (3) com
plete freedom from irritation and toxicity when used 
repeatedly on human skin or clothing, (4) cosmetic 
acceptability, (5) cheapness and (6) availability.

During and after World War II, many effective 
repellents were developed. These included such 
materials as dcct (the approved common name for 

/V./V-dicthyl-w-toluamidc), ethyl hexanediol, 
dimethyl phthalate, dimethyl carbatc and Indalonc^ 
(butyl 3.4-dihydro-2,2-dimcthyl-4-oxo-2//-pyrun- 
6-carboxylate) and others for use on skin or clothing. 
Butyl ethyl propandiol, undccylcnic acid, A'-pro- 
pylacctanilide and benzyl benzoate were developed 
for use on clothing. Each o f the chemicals may be 
better for a given type of treatment against a certain
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species of insect or with different people. Dcct has 
proved to be the most outstanding all purpose 
individual repellent yet developed.

All of the repellents approved for application to 
skin have disadvantages and arc not entirely satis
factory to those who use them. They are not effective 
for long enough periods of time and arc subject to 
loss by abrasion, evaporation, absorption and immer
sion in water. They may feel oily on the skin and 
affect paints, varnishes and plastics. All cause a 
stinging sensation on the eyelids and lips. Repellents 
are effective only when present on the skin or 
clothing in relatively large quantities. Although the 
amount varies with the individual, the chemical, the 
insect species and other conditions, the minimum 
effective dose ranges from about 0.0S mg/cm2 for 
dcct to more than 1 mg/cm2 with dimethyl phthalatc 
on arms exposed to avid Aedes uegypti (L.) in 
laboratory tests.

Programs on the search for and development of 
belter repellents have been maintained by various 
research groups. The Army Medical Research and 
Development Command has supported a continuing 
program on repellent research. Research on repellents 
has fallen into several general categories. The screen
ing of unknown chemicals for repellent activity 
followed by the evaluation of promising chemicals for 
biological effectiveness and safety has been a con
tinuing program both at our laboratory and in other 
groups. We have been fortunate to have the com
petence of toxicologists of the Army Environmental 
Health Agency in determining the safety of chemicals 
for application to humans for biological testing of 
promising chemicals. Factors affecting the protection 
time obtained with standard repellents have been 
thoroughly investigated. Formulations that were 
designed to extend the protection time or enhance 
the cosmetic acceptability of known repellents were 
investigated in detail and new formulations continue 
to be made and tested. More emphasis has been 
placed on studying factors involved in the attraction 
of mosquitoes to human hosts with the hope of 
finding new approaches to repelling blood-sucking 
insects. Basic studies on receptors and receptor 
systems in insects and the mode of action of 
repellents and at tractants on insects have been 
initiated. Research has been undertaken on the study 
of spatial rcpcllcncy and the application of repellents 
to netting for use us jackets, bed nets and head nets. 
Finally, a search for systemic repellents was under
taken.

In spite of all these approaches to the problem, 
significantly more effective or longer lasting repel
lents or formulations have not been forthcoming 
since the introduction of dcct. It is hoped that 
research will be able to develop more effective 
materials or new approaches to the repellent problem. 
For this presentation, I would like to review, in 
general, aspects related to the development and use of 
insect repellents covering such items as mentioned 
previously. Also I will review some of the more recent 
research. Primarily in the interest o f time, but also in 
acknowledgment of my own limitations, I have 
decided to limit my discussion to research conducted 
at our laboratory. There are many in the audience 
with an interest and competence in this general area 
of research and other research can be presented and 
reviewed in the discussion period.

Systemic Repellents

The development of a material that could be 
administered orally and protect against blood-feeding 
arthropods has been a dream of many scientists for 
years. At one time our laboratory initiated a screen
ing program to evaluate compounds as possible 
systemic repellents. Compounds were administered 
by stomach tube to guinea pigs at various doses and 
mosquitoes, fleas and lice were placed on the guinea 
pigs to see if feeding was inhibited or if toxicity was 
encountered. The search for systemic repellent com
pounds was unsuccessful, and the screening was 
discontinued. The problem is partly related to the 
fact that currently known repellents have to be 
applied in large amounts. There seems to be little 
hope of being able to attain the amounts required 
with available repellents via systemic action. The 
development of a systemic repellent will require 
finding a mechanism with a completely different 
mode of action.

Screening for Repellent Activity

At various locations in the United Slates, efforts 
arc continuing to find and screen new compounds for 
repellent activity. We continue to screen materials 
sent to us from different sources. Recently, through 
the help of the Army Medical Research and Develop
ment Command, the Armed Forces Pest Control 
Board and the Walter Reed Army Institute of 
Research, we have been provided a source of several
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thousand chemicals to be tested as candidate repel
lents. These compounds are screened rapidly, and 
those with activity arc compared to dect and 
dimethyl phthalatc for protection time and minimum 
effective dose. We hope to find new types or 
structures of chemicals with repellent activity. A l
though some compounds have been found that arc 
more effective than deet in length of protection time 
and minimum effective dose, new type structures 
with repellent activity have not been found. Studies 
on toxicology of effective compounds must be 
completed before further testing for repellent activity 
can be conducted.

I will not take the time to review our screening 
methods in detail since these have been summarized 
by Smith (1970). This topic can be considered in the 
discussion. We might comment that the methods used 
to screen and evaluate repellents in general include, in 
our order of preference, tests with human hosts, 
animal hosts, inanimate attractants and no attractants 
at all. We, at our laboratory, feel that screening 
procedures should be related as closely as possible to 
the final way in which a repellent is to be used, i.e., 
against a human host. As Smith (1970) pointed out: 
“Modern scientific evaluation of repellents may be 
said to have begun with Cranctt (1940, 1944), who 
used the relative length of protection of competitive 
repellents as his criterion when he tested compounds 
on the human skin at standardized conditions. 
Granett’s methods, with some modifications, have 
been used in most subsequent testing programs, and 
in combination with tests for resistance to rinsing and 
rubbing or wiping, provide the ultimate comparison 
on which selection must be based.”

Formulations

Over the years, a considerable amount of time and 
effort has been expended in evaluating various mix
tures and formulations in an attempt to increase the 
protection time and cosmetic acceptability of insect 
repellents. In an unpublished SP EC IA L  REPO RT 
(71-01G) of our Gainesville laboratory (Evaluation of 
Repellent Mixtures Against Three Species of Mos
quitoes and Stable Flies, 1971), Gilbert summarized 
cooperative studies on over 2,000 formulations pre
pared by the Smith Kline and French Laboratories. 
This comprehensive study, though done quite some 
time ago, has not been available and should he of 
interest to other researchers. Little success has been

obtained to date in extending the effectiveness of 
repellents through various formulations with the 
exception of formulations containing zinc oxide.

$
Factors Affecting Protection Time 

Obtained with Repellents

Several articles by Smith (1966, 1970) and Smith 
el at. (1963) have summarized the studies at our 
laboratory on facturs affecting the protection time 
obtained with repellents. It would be o f interest to 
summarize their conclusions based on studies with 3 
well-known repellents -  deet, ethyl hexanediol, and 
dimethyl phthalatc -  and mosquitoes and human 
subjects. They point out that it is not correct to 
assume that mosquitoes will be repelled as long us any 
repellent remains on the skin. Repellents must be 
present on the skin in relatively large amounts and a 
minimum effective dose (M ED ) has been determined 
for all three repellents against A. ае®>рН. This M ED  
did nut differ greatly with different men and women, 
but varied considerably with the 3 repellents studied.

It was not possible to obtain a correlation between 
the natural attractiveness of the human host and the 
protection time afforded by repellents, i.e., the most 
attractive subject did not obtain the shortest protec
tion time or vice versa. Furthermore, evidence was 
obtained that these repellents did not deteriorate on 
the skin or lose effectiveness by admixture with 
sweat, carbon dioxide, or water. Other studies have 
indicated that repellents did not affect the evolution 
of moisture or lactic acid from the arms of human 
subjects and reduced the carbon dioxide output with 
only some subjects.

Thus, to date, loss in protection afforded by 
repellents appears to be correlated with its rate of loss 
from skin rather than differences in attractiveness of 
individual hosts or changes in the attractive factors 
associated with hosts. This loss can occur by 
abrasion, evaporation and absorption. Loss by abra
sion is the most important factor in the practical use 
of repellents, but the most variable since it depends 
upon rubbing. Evaporation rates of repellents were 
about the same for men and women for a given 
repellent, but there were more pronounced dif
ferences in absorption rates with individuals. The 
differences in absorption rales accounted for most of 
the individual differences in total rates of loss 

observed.
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The available information indicated (hat the 
natural attractiveness of hosts, chemical degradation 
of repellent, or admixture of repellent with human 
emanations could not be correlated with protection 
time obtained, with repellents, and that protection 
lime was related to rate o f loss o f repellents. When 
the amount of repellent present on the skin was made 
to be less than the minimum effective dose by any of 
a variety of methods, protection from biting was no 
longer assured.

Attraction to Human Hosts 
and Basic Studies

One hope of many researchers is that basic studies 
on the attraction of mosquitoes to human hosts and 
their feeding behavior as well as studies on the 
receptor systems involved will lead to new methods 
of repelling blood feeding insects. Since I mentioned 
that I planned to limit my 'reservation to results 
obtained in our laboratory, this area would be a 
fertile field to explore in the discussion period with 
the interested individuals involved.

I would like to mention only studies with lactic- 
acid at our laboratory in olfactometers and in the 
field. Acrcc et al. (1968) reported that L-Jactic acid 
was the major component attractive to female A. 
aegypti found in human emanations they examined. 
The fact that they also reported in this paper that the 
presence of COj in addition to that already present in 
purified or filtered air was essential to elicit the 
attractive response seems to have been largely over
looked. Smith et al. (1970) reported on a scries of 
comprehensive tests on L-lactic acid as an attractant 
for A. acgy'pli. Without going into detail on much of 
this research, 1 would like to simply follow this point 
of the concurrent need of carbon dioxide with lactic 
acid to elicit attractive response in A. aeg}'pti. As 
stated by Smith ct al. (1970): "Vapors from 
authentic Lf+)-lactie acid released from glass sample 
tubes at rates comparable to those released from 
hands were attractive cither in combination with 
carbon dioxide in filtered air, or alone in room air. 
However, the synergistic effect of C 0 2 on the 
response to lactic acid did not persist more than a few 
seconds after the mosquitoes left an atmosphere rich 
in C 0 2 ." Since carbon dioxide in the past has been 
referred to as an activator, a synergist and an 
attractant in mosquito response, this requirement for 
both lactic acid and carbon dioxide (or components

present. in room air) for attractive response in 
olfactometers is interesting. The studies described 
thus far were conducted in dual port olfactometers. 
Additional studies involved the use of a black, 
rectangular box, nr wind tunnel, divided into 11 
compartments, ('radically all avid A. ae&'pti females 
tested flew the entire length of the tunnel when lactic 
acid and carbon dioxide were introduced upwind at 
its far end; half the distance up the tunnel when lactic 
acid and carbon dioxide were introduced at the 
midpoint of (lie tunnel, and half the distance up the 
tunnel when cither of the 2 components was intro
duced at the far end and the other at the midpoint of 
the tunnel. In other words, female A. acg\>pti tended 
to follow the air stream only when both components 
were present simultaneously in concentrutiuns above 
normal background or threshold. It is interesting to 
note also that our attempts to increase attraction of 
mosquitoes to carbon dioxide traps in field studies by 
the addition of lactic acid have been unsuccessful -  a 
result that is difficult to explain in view of the data 
obtained in olfactometers, hither there is a difference 
in response to djffcrcnt at tractants by different 
species of mosquitoes, the lactic acid was not 
presented properly, ur the presence o f lactic acid or 
other chemical attractants in the environments pre
cludes the need for additional amounts. Attraction to 
human hosts appears to be a complex of many 
factors.

Repellents Applied to Netting

Another approach to the problem o f better repel
lents has been the concept of the development of 
"space repellents". Gouck et al. (1967) described the 
goal o f finding repellents that might be applied to 
limited areas such as a collar, hat or visor to protect 
the face or neck. Other investigators have had similar 
ideas. Schicck et ul. (1970) reported on a special 
study of the spatial rcpellcncy of 44 repellent 
molecules. All of the materials except I significantly 
reduced the approach of mosquitoes to treated (lands 
tested in the dual port olfactometer. Sixteen com
pounds were highly effective in reducing approach. 
They concluded that repellents may initially reduce 
annoyance by spatial activity, but complete protec
tion from biting depends on both spatial and contact 
rcpellcncy.

Although the goal of developing highly effective 
uses of repellents based only on spatial rcpellcncy has
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not been achieved, the use of repellents applied to 
wide mesh netting now seems to offer much promise 
in uses as bed nets, jackets and coverings for openings 
in enclosures Gouck cl al. (1967) tested a large 
number of compounds for their effectiveness and 
have conducted field trials with the treated netting 
(Gouck ct al. 1967, 1971). An example of the utility 
of this type of netting can be cited from Gouck and 
Moussa (1969). Bed nets made nf 4-mesh-per inch 
pressed cotton netting and treated at a rate of 0.5 g 
of dect or M-1960 (a mixture of 30 percent benzyl 
benzoate, 30 percent Л' hutylacetanilide, 30 percent 2 
butyl-1,3-propanediol and 10 percent emulsifier) per 
I g of netting provided complete protection against 
Qilex IUfiicm qumquefasciaim Say and A aegypli lor 
15-17 weeks.

Our basic needs in improving the effectiveness or 
protection time obtained with repellents seem to fall

in several different areas including: ( I )  screening of 
compounds to find repellents of different chemical 
groupings that may he more repellent or longer 
lasting and may have a different mode of action than 
that of currently known repellents; (2) further 
concepts on extending the length of time that 
repellents arc effective on treated surfaces (One such 
example of this is the work in progress at the 
University of Tennessee attempting to unite repellent 
moieties to skin anchoring compounds. The idea 
being that the repellent could be released through 
hydrolysis while the anchoring compound would slow 
down the rate of toss of the repellent.); and (3) 
finally, basic research on the mode of action of 
repellents and attraction to human hosts in an 
attempt to find new means of protecting individuals 
front blood-feeding arthropods.
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BITING FLIES: THE NECESSITY FOR A NEW SYSTEMATICS

J. A. Downes

Entomology Research Institute 
Canada Department o f  Agriculture 

Ottawa, Ontario

There has been much discussion recently of the 
need for specificity in methods of insect control so 
that unintended effects, perhaps harmful, will be 
minimized. Equally, I think, wc must recognise to the 
full the specificity and diversity in the insects 
themselves, lest again action should be misdirected.

It seems to me that insect systcmatics as common* 
ly practiced does not adequately come to grips with 
the complexity and diversity of the organisms it 
studies -  certainly not in the case of the biting flies. 
It thus fails to make contact with many of the themes 
that concern other biologists, and its analyses often 
do not extend to the populations that exist in teal 
life, with which they have to deal.

To a great extent and even, perhaps, increasingly 
at the present day, systcmatics is directed to identifr* 
cation. The description is a relatively brief account of 
certain predominantly external features selected 
mainly with a view to distinguishing the insect in 
question from similar forms. It can thus he used with 
relatively little prior knowledge; or it can be used by 
a machine. Machines, now or in the foreseeable 
future, can scan an insect in a variety of ways, 
construct keys, and process the specimen whose name 

is required. The usefulness of all this is evident, and it 
seems likely that the initial inspection and description 
will in future be directed more and more towards 

machine methods.

characters of importance in the bionomics or struc
ture or physiology or phylugeny of the insect in 
question. Thus the systematist is not fulfilling what 
to me is one of his main functions: to assemble and 
set out what is known about the insects he is dealing 
with, and by making comparisons and classifications 
to bting order into this information so that it can be 
used as a foundation or background 01 source of 
interpretation in further studies. To give a familiar 
and frustrating example; while the female of mosqui
toes, and of many other biting flics, is usually 
described by a fair range of external features, the 
male is represented by the terminalia only, which 
suffice for identification! This curious practice is 
found in both the current handbooks of North 
American mosquitoes and in many of the regional 
monographs; and if, in the course of behavioural 
studies, for instance, one wishes to obtain some 
comparative information on the antennae or legs of 
the male, it is nowhere to be found in the systematic 
literature later than the classic work of Howard, Dyar 
and Knab (1913-17). Most biting flies, it may be 
noted, exhibit a sexual dimorphism that extends to 
virtually all structures and organs used in taxonomic 
descriptions (antennae, eyes, mouthparts, head 
sclcritcs, wings and wing venation, legs, claws, 
terminalia, colour pattern, chaetotaxy. general body 
proportions, distribution of sensilla), and it is im
possible, except quite approximately, to infei the 
character of one sex from a description of the other.

it must be noted however that the characters used 
arc selected primarily for their clarity and value in a 
piocess of identification. Typically they are not
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A  further consequence is that the systematic 
accounts, precisely because they do not take note of 
the totality of features, arc in fact often very



inadequate; the classifications and identifications 
arrived at do not reach far enough for practical 
purposes, they do not reach to the natural units that 
really exist and play a distinctive and independent 
part in the ecosystem. This is niy main theme in this 
paper. I do not challenge the usefulness of the 
standard taxonomic identification as a first step in a 
process; but it is now being shown repeatedly that it 
is only a first step.

How Many Species? A. Cytological studies on block 
flies

The recent history of the systcmatics of North 
American black flics is especially interesting. In terms 
cf ‘species’ o f  the usually accepted type, the descrip, 
tion of the North American fauna of Simuliidac is 
approaching completion; perhaps two-thirds or more 
have been described and named. Rut is this the whole 
story?

Rothfels and his collaborators (1953 to date) 
have made a long scries of investigations on (he 
structure of the chromosomes of many species of 

black flies. The chromosomes of the salivary glands of 
the full-grown larva are of the giant polytcnc type, 
and show a succession of transverse bands that reflect 
the genetic structure. They are relatively easy to 
inspect in great detail and the homologous members 
arc closely paired, typically for the whole of their 
length.

A  particular segment within a chromosome may 
sometimes become inverted. The inversion is 
recognised by a reversal of the older of the pattern of 
banding and often also by a local failure of pairing. 
The limits of the inversion can be determined very 
precisely because of the complexity of the banding, 
and a particular invasion can thus be recognized with 
great assurance. For a similar reason, a particular 
inversion is very unlikely to be formed again, with 
exactly the same limits at each end, by chance. Thus 
the banding pattern of the chromosomes provides a 
great series of structural characters of special value, 
more sensitive than many ordinary characters of 
chaetotaxy or shape o f appendages because they arc 
very precisely defined and less likely to be duplicated 
by convergence.

Many black fly populations carry one or more 
such chromosomal inversions at various frequencies, 
and the inversions occur in the homozygous and

heterozygous conditions in the expected proportions. 
Evidently, like many other mutations, these floating 
inversions arc associated with only small develop
mental effects, not interfering with interfcrtility. 
Other inversions, howevci, characterize all individuals 
of a taxonomic species; and in fact most of the 
species investigated differ by one or several of these 
chromosomal changes.

The earliest studies showed that in the black fly 
identified as Prosimulium hirtipes, these chro
mosomal differences existed sympatrically without 
the appearance of heterozygotes; ‘hirtipes' that is to 
say, consisted of a number of species, which did not 
interbreed (Rothfels 1956), In several eases structural 
differences distinguishing the forms were soon 
discovered (e.g. Syme and Davies 1958) and chro
mosomal, anatomical, and life history studies have 
proceeded hand in hand. At the present time 
4hirtipes’ in North America consists of more than a 
dozen species arranged in two species groups, and 
distinguishable both chromosomally and by structural 
details of Ihe larvai, pupal and adult stages. ‘True 
hirtipes' was recognized as restricted to the palaearc- 
tic, and is now known to consist of yet a third 
considerable species group (Basrur 1959; Rothfels 
and Basrur I960; Basrur I962;0ttonen 1966).

Several other apparent species have been examined 
in the same way. Eusimulium aurcurn, originally 
considered a holarctic species with a wide distribution 
in North America and Europe has been shown to 
consist o f seven cytological forms, probably all true 
species. Two occur sympatrically in Ontario, two 
more in the prairies, a single species in California and 
two more in Europe (sympatric at least around 
Leningrad) (Dunbar 1959). Simulium tuberosum in 
southern Ontario consists of at least four breeding 
units, all sympatric; but they arc very closely related 
and it is possible that hybridization sometimes takes 
place since they have certain ‘floating’ inversions in 
common (Landau 1962). In the Eusimulium com 
garcenurum group, on the other hand, Ihe cytological 
study served mainly to associate and define a group 
of already described closely related species, and only 
two new species were discovered in the process 
(Dunbar 1967). Recent work on the western species 
Prosimulium onychodactylum has revealed the largest 
group of siblings yet discovered, no less than 12 in all, 
the majority of them sympatric in streams around Ml. 
Hood, Oregon. On the other hand, Simulium 
vittatum, a species that is very variable both in



appearance and ecologically, proves equally to be a 
single highly variable entity when examined 

cytologically; almost all the many inversions 
recognized appear in (he heterozygous condition in 
the proportions expected from random matings 
(Pasternak 1964).

Dunbai (1969) has also shown that the important 
African black fly Stmulium ilanmosum consists of at 
least nine segregates, and the studies are still con
tinuing. The existence o f several entities within this 
‘species' had already been suspected on ecological 
grounds, but there was no indication that it was 
composed of such u large group of independent 
forms, nor had any o f the forms been clearly 
delimited.

Overall, it may be predicted that the numbers of 
species of black flics existing in Canada (or North 
America, or elsewhere) is nol merely slightly greater 
than the number now recognized, but more like five 
times as great.

There is no reason to suppose that these results are 
peculiar lo black Hies. The genus Chironomus is 
undergoing a similar ‘explosive spéciation' at the 
hands of cytologists, and chromosome banding 
studies arc playing an increasing role also in 
Anopheles and other mosquitoes.

The study o f the polytene chromosomes in black 
flies is making important or decisive contributions 
also to other discussions central to modern system- 
atics. A  remarkable feature of most of the groups of 
newly recognized siblings is that the members have a 
strong tendency to be sympatric and often occur 
together in the same stream, even in the same 
samples. The orthodox position of modern system* 
atics is of course that sympatric spéciation docs not 
take place; the process of building up reproductive 
imeompatibility demands, as a substrate, some degree 
of spatial separation. There is no direct proof that 
these flocks of sibling species have in fact been 
generated sympatrically, but the phenomenon of 
their sympatric occurrence is sufficiently common 
and extensive to suggest this very strongly. The 
possibility arises that Lire process of spéciation 
depends upon an incompatibility brought about as a 
result of the chromosomal changes (Dunbar 1965; see 
also White 1969) rather than in adaptive behavioural 
or structural changes developed in isolation. It seems 
urgently necessary that systcinatists should study the

bionomics of these sympatric siblings and determine 
whether (hey arc maintained by differences in 
behaviour or ecological preferences, or by gametic 
incompatibility or early death of the hybrids.

The inversion systems in (he polytene chro
mosomes of black Hies enable (lie iclalioiiships 
between a group of spccics-the members of a 
subgenus or genus for example-to be determined 
with precision, and an unequivocal phylogenetic 
diagram constructed. The process is, in essence, u very 
simple one. A derived form differs from its progenitor 
by, say. a single specific inversion. A further derived 
form differs from its immediate ancestor by yet 
another inversion, that overlaps, and thus includes a 
part of, the first. A part of the first inversion will thus 
be displaced to a new position in the chromosome, 
with its banding patlcrn re-invirted and thus in the 
same direction as in the original (standard) chro
mosome. The final arrangement can be derived from 
the standard only by passing through the inter
mediate stage; the relationship of the three forms is 
known with certainty. The method does nol, by 
itself, indicate in which direction evolution has 
proceeded; it states only the pattern of the relation
ship, and (he starting point (the ancestral form) must 
be determined from other considerations. A chart of 
this nature may be seen in Rothfcls and freeman 
(1966), and a much more detailed version that 
includes most of the known species of ftosiinuliion, 
Twinnia, and Gymnopais is in preparation (Rothfcls, 
personal communication).

No other method allows the relationship between 
species and genera to be reconstructed with any 
comparable degree of precision and certainty.

In many Diptcra the chromosomes o f the larval 
salivary glands do not develop the polytene con
dition, but' similar banded chromosomes have been 
recognized in several other types of highly active 
cells, including those of the malpighinu tubules, the 
nutritive cells of the egg follicles, and the trichogcn 
and pulvillus cells of the pupa during the secretion of 
the adult cuticle.

It is surprising that this powerful method, able in 
many eases to give a decisive answer lo the question 
whether two similar forms arc rcproductively 
isolated, and to describe with precision the pattern of 
evolution of a complex of species, is not being widely 
exploited in systematic studies.
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B. Genetical studies on mosquitoes

Black flics, though well suited to cytological 
analysis, are difficult to maintain in captivity and no 
experimental study of black fly genetics has been 
attempted, in mosquitoes, on the other hand, direct 
genetical analysis by experimental matings is often 
possible and a considerable body o f information is 
available. It has been found that a number of 
well-known species are in fact complexes of closely 
related forms, in some cases fully isolated sibling or 
cryptic species and in others forms with various kinds 
and degrees of genetic incompatibility yet still 
retaining a certain potentiality for gene exchange. 
Often there are corresponding clhoiogical differences 
and sometimes, but not always, small structural 
distinctions have been detected and have provided the 
basis of taxonomic descriptions.

The classical case is that of Anopheles maculé 
pennis in Europe. Within this supposed species 
puzzling differences of host range, biting and mating 
habits and preferred microhabitat were observed, and 
it was eventually shown that these corresponded to 
fully or partially reproductive^ isolated groups 
within the complex. They were then distinguished 
visually by hitherto overlooked details in the 
chorionic pattern of the eggs and the arrangement of 
coloured scales on the wings. Seven forms main
taining themselves as distinct entities in nature arc 
now recognized; they arc sufficiently closely related 
so that after laboratory matings the eggs begin to 
develop, but the hybrids either die before hatching, 
or before emergence from the pupa, or the emerging 
adults are sterile, or, in three cases, partially or fully 
fertile females (but no fertile males) are obtained and 
backcrosscs to cither parent species arc possible (see 
Marston Bates, 1949). Like the black flics, Anopheles 
larvae have polytene salivary gland chromosomes and 
the pattern o f phylogenetic relationships between 
these forms is being established. The Anopheles 
maculipcnnis group exists also in North America, but 
the species are more distinct from one another both 
structurally and chromosomally, and probably older 
(Kitzmillcr et ai 1967) and in contrast to the 
European forms they were already recognized as 
distinct, on normal taxonomic features, before 
experimental studies were undertaken.

Culex pipiens is a widely distributed species that 
consists of three subspecies (pipiens, fatigans and 
australiens) of the familiar geographic type, differing

very slightly in details o f  structure and more notably 
in their adaptation to temperate or to tropical 
life zones. Cutting across the subspecific distinctions, 
but studied mainly in western European pipiens, 
there exists on a much smaller geographic scale (e.g. 
within Germany) a series of more or less incompatible 
breeding types not distinguishable by structural 
differences (Laven 1967). The incompatibility is 
believed to be due to a scries of factors that arise 
between the sperm and the cytoplasm of the egg, 
rather than to genic differences of the usual type; and 
the result o f a given cross may differ according to the 
direction in which it is made. Some inter-strain 
matings are fertile in both directions, others in one 
only, and others may fail whichever way the cross is 
made. In the latter case, of course, the two strains 
(within the same sub-species, and structurally 
inseparable! ) are able to function us biologically (and 
practically) distinct species. A  total of 17 such 
reproductivcly differentiated forms have been 
identified to date.

Anopheles ganibiae consists o f five readily 
distinguishable cytological and ecological species, two 
of which have also been distinguished taxonomically. 
They occur sympatrically in various combinations. In 
laboratory crosses the female offspring are fertile but 
the males invariably sterile and with more or less 
malformed testes. It is supposed that in nature this 
partial interfertility is restricted by behavioural 
differences, perhaps related to mating, and natural 
hybrids have rarely been encountered. In  some 
crosses the females arc reduced below the normal 1:1 
ratio or are missing altogether, apparently due to 
death in the early stages of development. In some 
crosses also, the males, while sterile, show a hybrid 
vigour that allows them to compete for mates more 
than successfully with the males of the parent form. 
Such crosses therefore would seem to provide 
possible material for an interesting form of genetic 
control, which sometimes might even go along with 
normal insecticidal control since insecticide-resistant 
strains arc known and the release could be made with 
resistant males (Davidson et al. 1967).

It is interesting that these striking cases relate to 
some of the best known of all mosquitoes. It suggests 
that the more they are looked for, the more such 
cryptic and partial species will be found, and that we 
have as yet only a very fragmentary knowledge of the 
mosquito taxa of the real world. Gillett, in his new 
book “Mosquitoes” , appears to share this view. 1 have



not yet seen the book, but A. N. Clements in his 
review in Nature (236: 357*8) writes as follows: “The 
author emphasizes that mosquito species arc com 
posed o f  partially isolated and largely non-inter- 
breeding populations, which can differ greatly in their 
relationship with man."

Geographic Range and Diversity

My remarks about species and their ranges will be 
mainly speculative. Many North American biting flies 
have wide ranges, some of them from coast to coast 
and through many kinds of terrain. We know very 
little of the changes that may take place in biting (ly 
populations over such ranges. S im u liu m  ven u stu m  

may bite in some places, and in others apparently 
not; C u lisc ia  inornata  from Lethbridge can be readily 
cultured in the laboratory, but not those from 
Guelph; and the swarming behaviour of A e d e s  

flavcscens differs between Manitoba and British 
Columbia. Very few cases o f geographic variation 
have been studied systematically but there are 
interesting papers on C u lico id e s  variipennis by Wirth 
and Jones (1957), on A e d e s  a tropalpus by O'Meara 
and Craig (1970) and on C u lico id es  subgenus Selfia  

by Atchicy (1970).

The extensive taxonomic study of C u lico id es  

variipennis showed that it consists of five geographic 
subspecies, or better perhaps (Ross 1962) of four 
incipient species and a complex area of hybridization. 
All but one of these entities are western. The 
complexity of the fauna and flora of western North 
America, matching the complexity of the geography 
and the physical environment, is well known. Angio- 
spemi genera such as C ilia  or C larkia  have blossomed 
into considerable (lucks of intimately related species 
at the hands of the Californian experimental systema- 
lists, litack flics in the west arc evidently relatively 
species-rich in many subgenera, and we might expect 
an even greater diversity on the level of cryptic 
species and sub-species. It would be very interesting 
to make crosses of the eastern, and various western 
forms o f many of our common biting flics- 
C u iico id cs  crepuscularis or Culiseta  in a r m  la for 
example. Goldschmidt (1934) carried through a 
project o f this type on an extensive scale with the 
palaearctic moth, Ly m a ntria  ( =Porthetria j dispar. All 
races, from western Europe to Japan, mated and gave 
offspring, and the males were always fertile; but the 
females o f crosses between cast Asian and European 
races became sterile intersexes (semi-males) due to

the higher ‘potency* of the male-determining factors 
of the Asian stocks. In crosses between certain 
Japanese races and the extreme western (Portuguese) 
form, the prospective females became not merely 
intersexual but fully sex-reversed phenotypic males 
functioning as such. Here wc have a degree o f sexual 
unbalance between ihe ‘races’ of a ‘species’ that 
would seem to provide the perfect material for the 
gcnctical control (eradication) o f the sensitive popula
tions (see Downes, 1959, 1965b). There are many 
examples among the Lepidoptera o f intersexes, 

abnormal sex-ratios and similar phenomena in inter
racial crosses, and the cases mentioned in the pre
ceding section indicate that the same is true also 
of the biting flics. It is likely that many more such 
cases would be discovered if systematic experimental 
crossings were made with geographically well separated 
stocks.

It is interesting to note that allopatric forms 
showing only slight visible differences are treated in 
normal taxonomic practice as geographic forms of the 
one species. It seems however that this remains a pure 
assumption except in the few cases in which experi
mental lest has been made. The extent of the 
divergence that lias occurred between the various 
populations in 'species’ of wide, or transcontinental, 
or circumboreal, range remains, in general, unknown.

There is a special form of geographic diversity that 
is exhibited more clearly and fully in North America 
than perhaps anywhere else in the world. From the 
Gulf Coast (lat. 30°N) to the Arctic Ocean (lat. 
70°N) and un through the Canadian Arctic Islands to 
northern Ellesmere (lat. 82° N )  there is an almost 
continuous land mass without significant natural 
barriers, and many species have very considerable 
latitudinal ranges. Over this great extent, however, 
one important feature of the environment, length of 
day, varies continuously and with strict regularity 
from south to north. As is well known, a response to 
length of day determines both the seasonal life cycle 
of many biting flics and their daily pattern of 
activity. Differences in these responses must have a 
certain genetic basis. Here is a wide field for 
exploration, on which a start is being made (c.g. 
Depticr and Harwood 1966). The environmental 
differences arc large, and must impose great differen
ces in the insects. At mid-summer, the length, of the 
day at lat. 30° is about 14 hours; here, at lat. 53°, 
about 17 hours, and at the Arctic Circle, 24 hours; 
and north o f  the Arctic Circle the sun is continuously

1 1 9



above the horizon for a period that reaches 4*A 
months at lal. 82°, thus extending over the whole 
season in which metabolic activity is possible. It is 
obvious that adjustments of the mechanisms involved 
must be very extensive, especially in the middle zone 
(say lat. 50° -  70°) where the rate of change of 
day-length at comparable stages in the growing season 
is so considerable, Yet A e d e s  im p ige r  Cnearciicus') 
ranges from about 38° -  82°N (Jenkins 1958) and 
Eusimulium bafftneme from about 40® -  70® (She- 
well 1958). Some indication of the scope of these 
changes can be found in the changes in the length of 
Utc daily swarming period for mosquitoes. Swarming 
behaviour is often related to the intermediate light 
intensity of the crepuscular period, and in the rapid 
twilight of the tropics typically lasts about 20 mins; 
at Ottawa (lat. 45°) I -  2 hours; at Churchill (lal. 
58°) it is spread over about 6 hours and in the earlier 
part of the period waxes and wanes according to the 
extent o f  the cloud cover; and in the permanent 
daylight of the high arctic it can be observed in any 
part of the diet and depends mainly on favourable 
conditions of temperature and wind (Downes 1962 
and unpublished).

The extent o f the behavioural changes is evident; 
but whether these changes usually involve genetical 
adjustment of only a trivial sort, or on the subspecific 
or specific level, is not yet known.

Polytypic Species

The fourth, and last, problem area that I wish to 
draw attention to is this: the ‘species’ as identified, 
and even if it is in fact a true biological species, is not 
necessarily a homogeneous group but often shows 
great diversity, cither throughout or as a character
istic of one particular section. A species, therefore, 
may be polymorphic or polytypic. And the disconcer
ting fact is that the diversification may affect 
important life processes and, in biting nies, often the 
very processes that we are most interested in from a 
practical point of view, such as biting habits, disper
sal, or timing of the emergence.

One of the best known of these phenomena in 
biting flies is ontogeny, the development of the 

oocytes from the unyolked condition to maturity on 
internal reserves, without the need for the blood meal 
that usually initiates ovarian maturation. It is a rather 
considerable change, involving the re-timing of the 
blood meal, the initiation of the maturation by a

different stimulus or trigger, the retiming of the 
hormones necessary for egg maturation, storage dur* 
ing the larval stage of all materials needed for egg 
ripening, and the liberation of these materials from 
tissue storage rather than a dependence, in whole or 
in part, on the digestion and metabolism of the blood 
meal.

Autogeny is found in many different forms or 
grades (see Downes 1971). In A e d e s  a lropa lpus  it 
characterizes one geographical sub-species, die most 
northerly of the four now recognized. In C n ie x  

p ip ien s  it characterizes a series of local populations, 
predominantly populations closely associated with 
man, that exist widely scattered through the range of 
the sub-species C u le x  p ip ie n s  p ip ien s  and sometimes 
closely contiguous with blood-mcal-dependent but 
structurally identical populations. In C u le x  tana lis it 
exists in a certain small proportion o f individuals in 
nature, and in the laboratory a uniformly autogenous 
stock can be developed by selection (Hcllamy and 
Kardos 1958). in A ed es  ta en io rhy nch u s  the propor
tion of autogenous individuals fluctuates from place 
to place, and in the laboratory can he modified, 
within limits, through the nutrition o f the larvae; the 
genetic factors that control egg maturation in this 
species evidently have an incomplete penetrance that 
can be modified somewhat by environmental condi
tions. Rubtzov believes that a similar situation is 
common among the black (lies in the Russian taiga, 
the considerable differences in biting rate from year 
to year reflecting the differing nutritional conditions 
of the larvae. Finally autogeny may be a facultative 
condition of the adult individual; A e d e s  im p ige r  in 
the high arctic passes through a first, blood-mcal- 
dcpendent phase and later if it has been unsuccessful 
in finding a host p.sscs into a low-fecundity autog
enous phase by rcsorbing the contents of most of the 
ovariolcs while egg development is initiated and goes 
to completion in a very few.

Thus autogeny is exhibited at many ‘systematic’ 
levels, from facultative in the individual, through 
various kinds of polymorphism to a sharply defined 
phenomenon in polytypic species. It occurs also at 
and beyond the species level. There arc relatively few 
purely autogenous species of mosquitoes, hut consid
erable numbers arc known in C ulico ides, in Simulii- 
dac, and in Tabanidac, and in some cases the 
autogeny is reinforced by structural reduction in the 
inouthparts that renders the insect unable to take a 
blood meal. In Canada autogenous species of black
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flics and biting midges are frequent in boreal and 
especially in the true arctic life zones, and it is 
evident that they represent an adaptation to condi
tions that would make an extended flight in search of 
hosts chancy or difficult (Downes l% 2 ,  1965a). This 
is not to say that autogeny is not a valuable insurance 
against the risks in obtaining a blood meal in other 
environments also; indeed it is evidently of signifi
cance both on the open prairie and in treeless coastal 
swamps.

Clearly autogeny is a phenomenon intimately 
related with systcmatics, ill the areas of polymor
phism, sibling species, adaptation and convergent 
evolution.

Spielman (1964) discovered both autogenous and 
blood-dependent populations of Culex pipiens living 
together in pools in a radier restricted urban environ
ment, the utility tunnels beneath a group of large 
buildings. The two biotypes were readily interfertile 
in the laboratory, but in nature almost all females 
collected proved to be either homozygous for auto
geny or homozygous for blood-dependence; less than 
2 percent hétérozygotes were observed. Thus a 
considerable degree o f  reproductive isolation existed. 
The isolating mechanism appeared to be a behavioural 
difference that led to assortivc mating, individuals of 
the blood-dependent biotype (presumably o f which
ever sex) flying out from the larval pools to mate in a 
swarming flight some distance away, while those of 
the autogenous biotype mated without dispersal 
beside the larval habitat. Brusl (1971) has recently 
shown that a similar difference in mating habits 
obtains between die autogenous and blood-dependent 
forms of At'des communis. Lewis Davies (1961) 
demonstrated the same contrast of quiescence and 
dispersal in the black flies Hrosimulium fuscum , an 
autogenous species, and the closely related sympatric 
but blood-dependent 1‘rosimulium mix turn. In the 
autogenous species Culicoides riethi and Simulium 
decorum, it lias been observed that the females may 
be egg-ripe at mating, whereas in most biting flies 
mating takes place when the ovary is in a quite 
undeveloped condition. Indeed, a restriction on dis
persal and a strong tendency to inbreeding would be 
expected generally in autogenous forms, in which 
ovarian development begins soon after emergence 
from the pupa, because as a general rule female biting 
flics arc quiescent while egg maturation is in progress.

I think therefore we can propose as a general 
hypothesis that autogeny is typically associated with

inbreeding and tends to establish reproductive isolat
ion vis-à-vis the normal, blood-dependent, form. It is 
a mechanism that inevitably tends to promote spécia
tion, and it should he no surprise that so often the 
difficult environments, difficult that is in tenus of the 
active flight and dispersal of typical biting flics, tend 
to be filled by autogenous races or species.

But interesting as this idea may be, especially 
when engaged in the study of a large fauna on a 
continental scale, it strays somewhat beyond the 
main point. Here I am using the phenomena associa
ted with autogeny primarily as an illustration of the 
very large real differences that may occur within the 
customary unit -  the species, or sometimes the 
sub-species -  recognized by ibe taxonomist. We have 
seen that autogeny, the change from a blood-meal- 
dependent to a blood-mcal-indcpendcnt biotype, is 
accompanied, probably of necessity, by a change in 
(limitation of) the habits of flight and area of 
dispersal, and the circumstances of mating. In Culex 
pipiens moreover, a species that in its typical form 
hibernates before feeding m a state o f  reproductive 
diapause, it is accompanied further by an inability to 
enter this stale of diapause and thus an inability to 
overwinter in the adult stage in cold climates, except 
in protected domestic conditions. Thus within a 
population that is not divisible by any known 
structural feature or in any other way used by the 
taxonomist, there may exist differences with regard 
to Wood-feeding, ovarian development, dispersal, 
mating behaviour, association with man and the 
ability to hibernate -  virtually the whole range of 
properties of a biting fly that have any practical 
significance.

To sum up: There appear to be many more species 
and scmi-specics of biting flies than classical taxono
my has led us to suppose. They are real natural 
entities; the populations are more or less strictly 
independent and differ from one another in (heir 
place in nature. Bven within a biological species there 
may he polymorphism in very' important respects. 
There is no one way to recognize and distinguish 
these various forms; anatomy, cytology, genetics, 
geography, ecology and physiology all make a contri
bution. The limited anatomical studies usually 
employed in systematic^ arc not sufficient to discover 
the diversity that really exists. These problems can he 
met only by a radically updated approach to systema- 
tics with full use of laboratory and experimental 
methods.
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FLIGHT ACTIVITIES OF MOSQUITOES WITH EMPHASIS 
ON HOST SEEKING BEHAVIOUR
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L iv e rp o o l S c h o o l  o f  T rop ica l M e d ic in e  

Pembroke Place 
Liverpool, England

A  number of studies have been made on one or 
more of the series of events leading from adult 
mosquito emergence to blood-feeding and ovi- 
position. Such studies, however, have largely been 
piecemeal, in that they have been on very limited 
periods of activity in the chain o f events comprising 
the adult's life. Tire majority of such investigations 
have concentrated on the behaviour uf mosquitoes at 
bait. There is little information on what mosquitoes 
actually do in between emergence, host seeking and 
ovjposition. Our knowledge o f adult mosquito 
behaviour is largely derived from taking samples of 
the population. This approach is of course common 
to studies on other biting flics, but Burscll (1970) 
recently concluded that any significant advance in the 
study of tsetse dispersal might have to wait the 
development of techniques that would enable the 
activities of individual flies to be followed in their 
natural environment. We arc a long way from evolving 
such techniques and must for the present still rely on 
results obtained from a number of, usually dis
continuous, samples. However, by improving 
sampling procedures, developing new techniques, and 
channelling ecological studies into less known spheres 
of adult activity, our knowledge on the behaviour of 
mosquitoes should profitably be advanced.

The purpose of the present papci is twofold. 
Firstly, to bring together information I have recently 
obtained on the movements and bchaviout of mosqui
toes in southern England, and secondly, to diaw 
attention to the numerous, and often large, gaps in 
our knowledge of the behaviour of adult mosquitoes. 
Although this paper is centred on European mosqui

toes I think a number of the problems and aspects of 
behaviour discussed will apply to Canadian species.

Behaviour After Emergence

Muclt of the information presented here concerns 
A c d c s  ( O cltlcro ta tus)  can tons  (Meigcn), a common 
Palearctic mosquito that readily bites man and a 
variety of mammals, and in certain areas is a vector of 
Tahyna virus (Aspok and Kunz, 1967). Typical larval 
habitats are shaded, shallow woodland pools and 
ditches. It overwinters firstly in the egg then in tiic 
larval state, adults begin to emerge in late April or 
early May.

The build up and decline in numbcis of emerging 
adults has been measured by a variety of emergence 
traps, it was found that the emergence of adults was 
accompanied by the appearance o f predatory flics 
such as Ernpids and Dolichopodids at larval habitats. 
They were seen to prey on emerging A c . can tons  

during the daytime and also at dusk when maximum 
mosquito emergence took place. I have also observed 
predation by various Muscids, Dolichopodids, 
Ephydrids (l)iptcu) and Lycosid spiders on emerging 
adults o f the A n o p h e le s  ga m b ia e  complex (Service,
1971er ; 1972). Although predation at the beginning of 
adult life has sometimes been recorded in other 
species I think its importance, at least in many 
instances, has been overlooked. To evaluate the 
impact of this type of predation serological 
techniques were used. Antisera'to both A c . can ta ns  

and to species A o f the A . gam biae  complex were



prepared in rabbits by a series o f  intramuscular 

injections of mosquito antigen (Service, 1973) 
Suspected predators were collected and their gut 
contents removed and expressed onto filter paper. 
These gut smears were then soaked in normal saline 
and interfacial precipitin tests performed on the 
extracts. A  positive reaction in the form of a 
precipitin ring showed that a predator was involved. 
Results have shown that there is considerable pre- 
dation on emerging adults of Ac. ca n tons by adult 
Diptcra.

After emergence the adult population of A c .  

cantons was sampled by human bait catches and by 
suction traps, which sampled 634 in* air per hour. A  
few unfed females and males of A c .  cantons, a high 
proportion of both having a dear solution (?  sugar) 
in their crops, were caught in the suction traps a few 
days after emergence had started. Unfed females and 
males, also with a clear fluid in their crops, were also 
caught by sweeping the low-lying vegetation near the 
larval habitats. About 8S%  of the females were 
fertilized. In contrast, adults were not caught in 
human bait catches performed cither near or sonic 
distance from larval habitats until about 3-4 weeks 
after the beginning of emergence. Almost all these 
females caught at bait were fertilized. This absence of 
a biting population of A c .  cantons following emer
gence has been repeatedly observed yearly for 5 years. 
A similar very marked interval between emergence 
and blood-feeding has been observed for 8 years in 
C uliscta  n iorsita ns (Theo.) and C. litorea  (Shute) in a 
coastal area (Service, 1969a, and unpublished 
records). In this instance the build up of the emergent 
population was measured by collecting adults from 
outdoor resting sites. Initially only unfed females and 
males were caught, of which moic than 60%  had a 
clear fluid in their crops, but after 4-6 weeks 
blood-fed females began to appear. There was then a 
gradual but marked increase in the proportion of 
bluod-fed individuals and a corresponding decrease in 
unfed females and males. Neither of these two species 
nor A c . cantons is autogenous. It seems that after 
emergence only non bluod-mcals are taken, and it is 
tempting to speculate that at such times food is only 
required to provide the necessary energy for general 
flight activities, swarming and dispersal, and that only 
afterwards arc the adults orientated to reproduction 
and therefore require blood-meals. Nectar feeding has 
been reported in A c . ca n to ns  by Nielsen and Greve 
(1950), and Hocking (1953) has discussed the 
probable importance of nectar-meals in providing

mosquitoes with energy. It nevertheless appears to be 
a long interval after emergence before gonotrophtc 
activity starts. The extent to which this delay, 
between emergence and blotxl-feeding, occurs in 
other species is largely unknown, but I have some 
evidence that it occurs in A n o p h e le s  claviger  

(Meigcn). In M a n so n ia  rich ia rd ii (Ficalbi) the well 
defined interval between adult emergence and blood- 
feeding results from the species being initially auto
genous.

Attraction to Bait

Bait catches have shown, not unexpectedly, that 
A c . cantons and several other British mosquitoes, 
exhibit maximum biting activity at dusk (Service, 
1969a; 19716). Despite this, adults can be caught in 
large numbers at bait in sheltered areas at all hours of 
the day (Service, 1969a; 1971c). The reason is that 
unfed, and also blood-fed and gravid females and 
males., shelter during the daytime amongst grassy and 
scrubby vegetation. Although the unfed females 
resting amongst the vegetation are not actively host 
seeking during the day, they arc nevertheless 
sufficiently stimulated when a suitable host arrives in 
their immediate area to feed on it. Daytime feeding 
can therefore be described as opportunistic. The first 
adults generally arrive within 1-2 minutes, there is 
then a rapid build up of females during the next 
15*20 minutes, after which the numbers arriving fall 
to a low and more or less steady level (Service, 1969a; 
1971c). This pattern o f behaviour has also been 
observed in several C u lic o id c s  species, both in 
England (Service, 19696) and clsewhcie (Jamnback 
and Watthews, 1963; Glucliova, 1958), but is not 
universal as it does not occur in L c p to c o n o p s  

bequaerti Kcffer (Kettle and Linlcy, 1967). In 
exposed areas where there are no suitable resting sites 
for mosquitoes or C u lico id cs  no such biting occurs 
during the - daytime, although environmental con
ditions may be favourable. After dusk, however, 
when both mosquilucs and C u lic o id c s  arc actively 
host seeking, adults arc caught biting in both sheltered 
and exposed aieas (Service, 1971c).

The presence of an initial high number of mosqui
toes at daytime bail catches in sheltered areas can 
sometimes be used to get an approximation of the 
range of attraction of a bust to resting females. For 
example, after the catch at one catch site has dropped 
to a low level, showing that the immediate population
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hat been caught, another catch it then performed at a 
known distance. If  another high initial catch it 
obtained then it indicates that the catch at the first 
site did not attract adults from the second site. This 
distance o f attraction for some British ttunquiloc* to 
human bait appears to be about 7-10 m. In west 
Africa Gillies and Wilkes (1972) found that sevetal 
freshwater mosquitoes were attracted to bait animals 

from about 7.5 to 22.5-3üm

Behaviour at Bait

Adults of Ae. cantons approach human hail 
directly, without first settling on nearby vegetation, 
but in M. richiurdii, pre-biting resting may occur 
(Service, t969e). It is not known why females should 
rest, sometimes for as long as 18 minutes, on 
vegetation very near a suitable host before settling on 
it. litis type o f behaviour has been observed by 
others (Colless, 1956; Ribbands, 1946; Senior-White, 
1953; Smith, 1958; Wharton, 1962). The arrival of 
mosquitoes at bait is not usually regular, but shows 
an aggregated or patchy type of distribution. That is, 
catches arc characterised by intervals of several 
seconds, or minutes, with few or no mosquitoes 
arriving, followed by the sudden arrival of several 
adults almost simultaneously.

Aftei females have alighted on a host they usually 
have an exploratory period lasting about 8-31 seconds 
before they start to penetrate the host’s skin 
(Service, I97W ). Considerably longer periods arc 
then taken in penetrating the host and engorging, so 
that the total time a mosquito spends on a human 
host varies between 2 and 4 minutes (Service, 197Ы). 
The long time necessary for feeding is a disadvantage, 
as it incicascs the likelihood of the mosquito being 
squashed or preyed upon by various predators. I have 
seen Empids preying on adults of Ae. cantuns, and 
other Aedes species, that were feeding on cattle. It is 
well known that tsetse flies arc sometimes preyed 
upon while hovering over or settling on their hosts 
(Glasgow, 1963).

I have also observed that when there arc large 
numbers of Ae. cantons, and other Aedes species, 
attempting to feed at the same time on cattle they 
tend to disturb.otic another. This may result in a 
relatively high proportion of interrupted feeds. 
Adults may either refeed on the same individual or on 
adjacent cattle. Interrupted feeding is epidemiologi

cally important because refeeding on different in
dividuals of the same species, or sometimes even on 
different species, increases the spread of mosquito- 
borne diseases. Some adults although not fully 
engorged wlieu disturbed do rroi ftfe&j, and this may 
result in the production of a smaller number o f eggs. 
Thus, a direct density dependent '  factor may be 
operative, i.e. large feeding populations resulting in an 
increase o f interrupted feeds and decrease in 
fecundity. Apart front any disturbance during feed
ing, adults often have difficulty in taking a blood- 
meal from certain hosts, especially birds and small 
mammals (Corbet and Downe, 1966; Daniclova, 
1962). I have often seen mosquitoes experiencing 
difficulty in feeding on rabbits, and also on cats, dogs 
arid wood mice (A p o d e m u s  sy lvaticus L). I f  this 
results in a high proportion of interrupted feeds it 
may increase the incidence of disease transmission 
but, on the other hand the reverse may be true. For 
example, mosquitoes find it easier to engorge on 
comatose rabbits suffering from myxomatosis than 
healthy active ones; this may consequently reduce the 
spread uf myxoma virus to healthy rabbits (Service, 
1971c). Maximum biting by most mosquitoes is in 
the evening around dusk when rabbits and other 
rodents have left their burrows but are very active, 
thus making it difficult for mosquitoes to get a 
blood-meal. This is in contrast to ornithophilic 
species feeding at this time, since in the evening most 
biids will be relatively inactive in their nests. Many of 
those species feeding on rabbits will feed on cattle if 
they arc available, and it will be easier for mosquitoes 
to engorge on these animals in the evening since lltcy 
will be relatively inactive. N

Flight Activities After Feeding

After feeding mosquitoes sometimes seem to fly 
off with difficulty, and it has been reported that they 
usually rest on nearby vegetation after feeding 
(Shemnnchuk, Downe and Burgess, 1963; Edman and 
Uidlingmayer, 1969). I have not observed this; on the 
contrary, blood-fed adults seem to fly off near the 
ground to disappear into the distance. Neither have I 
collected any blood-fed adults when vegetation has 
been sweep-netted near cattle in which adults have 
been feeding (Service, 1971c). Hlood-fcd adults of 
several species have in fact been collected 3-4 km 
from lire nearest host (Edman and Bidlingmayer, 
1969; Service, 1969o). The location o f natural out
door resting sites of mosquitoes, Culicoidcs and
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S im u liu m  specter, has often proved remarkably 
difficult. For example, although Mutrhcad-Thonison 

(1956) encountered large biting peculation! of A e d e s  

species in wooded areas in southern England, he 
failed to find any blood-eiuuwged adult! FwlMuxtety 

I have had better success. Dased on collections and 
observations made during the past 8 years in various 
localities in southern England, there appear to be at 
least two distinct types of outdoor resting sites used 
by mosquitoes. Mates and females in all gonotrophic 
stages of C. m orsitans, C  litorca, C. annu la  ta 

(Schrank), A .  p lu m b e u s  Stephens and A . cfaviger have 
been found resting in cracks and hollows of trees, 
especially willow trees (Sa lix  fragitis L ). The first 
four species have also been collected front under the 
outdoor eaves of derelict fann buildings and out* 
houses (Service, 1969a). These species arc rarely 
caught when vegetation is sweep-netted. In contiast, 
adults of A e . c in ereus  Meigen, A e . p u n c t o r  (Kirby), 
A t .  detritus (Haliday), A e . cantons, Ae. a n nu lip e s  

(Meigen), A e . f lavescens (Müller), Ae. dorsalis 

(Meigen) and M . r ich ia rd ii rest amongst scrubby or 
grassy vegetation. Some types of vegetation are 
unattractive, for instance few or no mosquitoes are 
collected from bracken (P tcris  a q u ilin u m  (L.)) or 
young birch (ttetula  p u b e sccn s  Ehrh.) saplings, where
as large numbers of adults rest amongst heather {Erica  

c inerea  L ,  E. tetralix L ) ,  grasses and amongst leaves 
o f holly bushes ( Ile x  a q u ifo liu m  L.). However, the 
distribution of A e. cantons, and most probably other 
species, can be distinctly patchy in what appear to be 
more or less uniform areas of vegetation (Service, 
1971c). I have often searched for resting adults in 
rabbit burrows, but it was not until 1970 that I found 
any mosquitoes in them (Service, I97le). Since then 
I have found a number of A e d e s  species, including 
A e. cantons, m rodent holes, but only during very dry 
weather. It appears that they normally rest amongst 
vegetation but under adversely dry conditions they 
retreat to more humid and protected resting sites, 
including rodent holes. In Poland Dabrowska-Prot 
(1961) found many more mosquitoes resting amongst 
vegetation in humid habitats than in those that were 
drier.

In England blood digestion in A e d e s  species takes 
about 5-8 days during the summer months. Although 
the minimum interval between successive blood-meals 
is therefore relatively long, there is very little in
formation on what the mosquitoes do during this 
period of apparent inactivity, except that they move 
to more shaded areas if their resting sites become

exposed to ditect sunlight (Service, I97|c). Similar 
movements of daytime resting populations of C. 

m o m  tans and C. litorea have been observed (Service, 
1969a).

In addition to predation on emerging adults, 
precipitin tests have clearly shown that spiders prey 
on mosquitoes testing amongst vegetation. In  Poland 
a series o f experiments have also shown that spiders 
can be important predators of mosquitoes resting in 
vegetation ( Dabrowska-Prot. 1970; Dabrowska-Prot 
and Euczak, 1968a, 19686 fcuezak and Dabrowska- 
Prot, 1966). In temperate climates mosquitoes rest 
for conipaiatively long periods amongst vegetation, 
consequently piedation during this phase in their life 
will probably be important in regulating population 
size. It is worthwhile to note that spiders and insects 
have been recorded as predators of tsetse flies resting 
on trees and amongst vegetation (Fiske, 1920; 
Chorley quoted by Buxton, l955;Sou(hon, 1959).

Repetition of the Gonotrophic Cycle

In tropical countries it is usually assumed (hat 
many species lay their eggs soon after becoming 

gravid, refeed at the earliest opportunity, and repeat 
this cycle with the minimum interval between 
successive oppositions and re-feedings. In o few 
species at least this does in fact seem to happen, but 
in British mosquitoes there is no evidence o f such a 
rapid repetition of events. In fact, nulliparous adults 
o f A c .  cantans and A e. p u n c t o r  have been caught at 
bait 5-6 weeks aftei adults have stopped emerging. 
Nulliparous adults of A c .  cantans have also been 
caught at bait up to 6 weeks after they were marked 
at emergence. Examination of the trachcation of their 
stomachs showed that they had not previously taken 
a blood-meal. These results indicate that at least some 
adults have limited success in obtaining a blood-meal. 
Furthermore, large biting populations of A e d e s  and 
A n o p h e le s  species arc often encountered in small 
woods, where precipitin tests have shown that rabbits 
are their main hosts. It is difficult to envisage that all 
these numerous adults can succeed in getting a 
blood-meal. Unfortunately the age grading method of 
Polovodova (1949) cannot be applied la  A c. cantans, 

as multiple dilations are not formed after oviposition 
and the number of adults having abortive oogenesis 
resulting in degenerating follicles is too low to be of 
much value, l! is interesting to record that some
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Canadian Simulium specie» apparently take up to two 
weeks to acquire a Wood-meal (Davies and Heterson, 
1956).

It is not known how quickly and efficiently gravid 
females find suitable opposition sites, but I have seen 
adults o f  Ae. cantam ovipositing at dusk in the field 

on eight separate occasions. On arrival at the larval 
habitats adults spent about 1*3 minutes “testing" the 
soil and leaf litter before starting to lay Opposition 
took about 2Н-4И minutes, during which time Ae. 
cantons deposited about 30 eggs, mainly on the 
underside of leaf litter, within a very small area. 
There was no evidence of any preopposition resting 
behaviour as reported in Culcx pipiens fatlgans 
Wiedemann by Mattingly (1966). Within about a 
minute o f the end of oviposition, adults flew off into 

the distance.

1 have not observed predation on ovipositing 
adults, but as predacious flies are usually present at 
larval habitats preying on emerging adults, it is likely 
that they also prey on gravid females.

Flight Activities and Levels

One o f the advantages of suction traps is that they 
can provide information on flight activity o f  physio
logical categories other than host seeking females. 
The numbers caught can also be related to aerial 
density, e.g. number per I0& ft^ (= 283 X I0 2  m^) of 
air. However, because these traps arc non attractive 
adult populations must be relatively large before a 
reasonable number are caught. Suction traps sample 
only the aerial population, consequently they will 
catch greatest numbers of the more active part of the 
population. In my catches unfed females of both 
mosquitoes and Culicoides have predominated (Ser
vice, 1971Л, 1971/), giving further evidence that 
males, blood-fed and gravid females arc relatively 
inactive.

When a number o f suction traps were operated at 
different heights in a small wood it was found that 
the catches o f Culicoides species and Ae. cantons 
decreased sharply with increasing height. Most were 
caught in traps situated 23 cm from the ground. In 
this particular wood/lr. cantons feeds predominantly 
on rabbits, and it seems reasonable that adults seeking 
either hosts or oviposition sites should be flying near

ground level. In contrast, most adults o f C. montions 
and C. pipiens, both ornithophilic species, were 
caught in the highest trap (S$0 cm). But from late 
August onwards, alien females of C. pipiens stop 
W<«ûd-f£cding and «arch for hibernation hies, both 
males and unfed females with fat reserves were caught 
in the lower traps (Service, 197 le).

When the catch was automatically segregated into 
hourly intervals the general flight activities o f  unfed 
Cultcoidcs species and Ae. cantam were found to be 
very similar to their diel biting cycles (Service, 1971b, 

1971Д

In the latest experiment eight suction traps have 
been sited in a wood in an approximate circle at a 
height of 9S cm. Three vertical strips of plastic mesh 
netting radiate out for 2 m from alternate traps. 
Although the size of the holes in the netting is 
sufficiently large to let Chr)'SOps and smaller biting 
flies through, preliminary results have shown (hat 
traps with this netting catch more Aedes, Chrysops 
and Culicoides adults than traps without netting. 
Apparently adults orientate alongside the netting. 
Somewhat similar behaviour has been reported for A. 
mêlas (Thco.) by GigIioli*(l964).

Limitations of Animal Baited Traps

Mention should be made o f  animal baited traps 
which have been extensively used for sampling 
mosquito populations and for virus isolation studies. 
Although undoubtedly useful they nevertheless tray 
have severe limitations when unbiassed samples are 
required o f  the mosquitoes attracted to a particular 
host. In Nigeria, for example, a different composition 
o f  mosquito species was attracted to man depending 
whether or not he was enclosed in a bait-net (Service, 
1963). Different types of traps may sample the 
population unequally. For example, many more 
individuals, and also species, were caught in a No. 10 
Trinidad Trap (Brook-Worth and Jonkers, 1962) than 
in a cylindrical trap with inverted cone entrances 
when both were baited with dry ice (Service, 1969c). 
Furthermore, the presence o f mosquitoes in an 
animal baited trap cannot always be taken as indica
tive that they arc normally attracted to, and feed on, 
that host. Adults of C morsitans and C. pipiens were 
caught in cylindrical traps containing a rabbit, very 
few fed on the rabbit, but when these traps were 
baited with chickens very few of these avian feeders
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were caught (Service 1969c). in many traps mosqui
toes are prevented from feeding on the hail animal, 
consequently there is even less information regarding 
the suitability o f the bait as a host.

CONCLUSION

The behaviour and flight activities o f different 
mosquito species will most likely vary, and it is 
hazardous to generalise. Despite this I think it useful 
to summarise what appears to occur in some British 
anautogenous A ed es  species, or at least in A t  

cantons. After emergence both sexes take non-blood- 
meals, mate and rest amongst vegetation, some adults 
may disperse to other areas. After this gonotrophi- 
cally inactive period, which may last 2-3 weeks, 
females start taking blood-meals, but some females 
may experience difficulty in locating hosts and 
engorging. It is possible that a significant number 

may never obtain a blood-meal. After feeding, adults 
return to rest amongst vegetation where they arc 
basically inactive, only moving if  disturbed. Unfed 
females, including any that have been unsuccessful 
the night before in obtaining a blood-meal will feed 
on a suitable host during the day-time if it enters the 
immediate area. They will not begin active host 
seeking, however, until dusk. Very little is known as 
to when gravid individuals start searching for oviposi- 
tion sites or whether they all succeed in egg laying, 
but oviposition itself appears to be quickly accom

plished. During all these phases of activity adults fl” 
very near the ground, but they possibly Лу at highe r 
levels for swarming and mating although I have m t 
seen this, in fact I have twice observed swarming at a 
height o f  only 30-40 cm. There is little evidence of 
non-specific flight activity. I believe that Ac. cantons 
only flies for a particular purpose. There may he 
short (lights to enable the adults to change thiir 
resting sites, to escape from predators, to feed on 
hosts in (heir immediate area etc., and longer dig! Is 
for dispersal, host seeking and oviposition, in betwe in 
these flights I think the adults are mainly inacti ic. 

This idea of a mainly inactive life is supported by he 
results o f  Graham (1969) who caught mosquitoes i i a 
variety o f  traps in Canada, o f  which very few had he 
ovaries in stages III or IV  of Christophers, t rus 
indicating that there was little flight activity of U esc 
adults.

It is clear that still know little about u hat 
mosquitoes do all day, and night, and I think it would 
be both rewarding and worthwhile to study tills 
aspect o f  their behaviour further. Such studies iriglit 
best be undertaken in small woods supporting large 
mosquito populations, but which are surrounded by 
exposed low lying vegetation, such as grassland or 
agricultural land. Under these conditions 1 think the 
mosquitoes in the wood can be regarded as a mo c or 
less closed population, and it should be casic* to 
study the behaviour and activities o f  such an isolated 
population from which there is little, or no, emigra
tion or migration.
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DISTRIBUTION OF AEDk'S MOSQUITO LARVAE 
AND THEIR CONTROL

K. Л. linist
Department of Entomology 

University of Manitoba 
Winnipeg, Manitoba

Temporary pool Aedes are the primary pest 
mosquitoes to be found in Canada. This presentation 
deals with those species of importance in southern 
Manitoba. The ecological principles presented, 
hopefully, are of general importance in understanding 
the distribution of mosquito larvae elsewhere.

Predation and parasitism arc said to be important 
factors in limiting the numbers of mosquito larvae, 
but with regard to Aedes in Manitoba at least, there is 
little evidence to prove it. Aedes larvae arc generally 
the only aquatic animals present in the pools between 
egg hatching and the emergence to adults, so 
predators cannot be considered a limiting factor. The 
work of Baldwin. James and Welch ( 1955) and James 
(1961), has shown that many insect predators do 
prey on mosquito larvae. However, the predators 
studied arc dependent upon permanent water for 
development, where few Aedes larvae occur.

Parasites may be more effective than predators in 
controlling Aedes larvae, especially those that have an 
egg stage or a spore stage that can resist some drying 
in temporary pools and whose life cycle can be 
synchronized with that of the mosquito. Mermithid 
nematodes are the most likely candidates at present. 
The work of Chapman ct al. (1967) and Peterson et 
al. (1967) emphasizes the potential use of nematodes 
for mosquito control. These workers have developed 
rearing techniques for several mermithids and have 
Held tested these around Lake Charles, Louisiana 
(Chapman, II.C. personal comm.).

The study by Smith ( 1 ‘>70), of the mermithid 
found in Aedes impiger at Baker Lake, N.W.T. is also

encouraging. He found fairly high levels o f natural 
parasitism in about 50% of the pools studied. The life 
cycle of the nematode appears to be well syn
chronized with that of the mosquito.

The effectiveness of microsporidia, in controlling 
Aedes has been studied by Kellen (1962), Kcllcn el. 
al. (1966) and Anderson ( 1968). They showed that in 
California, Louisiana, and Connecticut respectively, 
that usually 1% or less of Aedes larvae were para
sitized. The highest level was 5%. This cannot be 
considered a limiting factor by itself.

At the present time, control of temporary pool 
Aedes in Manitoba is dependent upon the judicious 
use of short-lived insecticides, such as Abate for 
larvae and Flit M L O  or Pyretlmim for pupae, applied 
from the ground to those pools that aie heavily 
infested with mosquitoes. The area of treatment is 
small when only the producing pools are treated. 
Aerial ticalincnt with insecticides, using Fixed wing 
aircraft, can be hazardous to all forms of life since in 
most larviciding programs materials such as Fcnthion, 
Dibrom, Malathion, Dursban, Cardona, or Abate are 
used over large acreages where some larval sites are 
known to occur. According to a detailed survey by 
Dixon and Brust (1972) only 3%  of the uncultivated 
land area around Winnipeg was involved in mosquito 
production. Hcncc 97% o f the land normally treated 
by aircraft would receive toxic insecticides where 
none are required.

In the Winnipeg area sve found a very definite 
association between the abundance o f Aedes vexans
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larvae, the most abundant and annoying human pest 
mosquito, and the proximity to a major adult blood 

source such as beef and dairy cattle. Larvae were 
often concentrated within a few bundled yards of 
feedlots where liundieds o f cattle are housed in a 
limited space Few <’<»|чччнг;»Ь<ч1‘. won* fixuul to he 
more than ‘/i mile linin'the adult blood soura: I bis 
soin ce also included horses and swine in two loca
tions around Winnipeg

The concentration of larvae in a few areas is of 
particular importance when a larval control program 
is attempted. Following a general rain, time for 
surveying the pools is limited to 5-7 days belore a 
new brood of mosquitoes emerges. Л large survey 
crew is also very costly. Knowing where 90%  of the 
larvae arc going to appear, is a distinct advantage The 
pools close to dairy and beef fatms can be surveyed 
first, and those pools containing larvae can be treated 
by a ground crew. We found that the pools producing 

large populations of larvae were generally small in 
size, and weic located in roadside ditches accessible 
to ground crews.

Two extensive larval surveys were conducted in 
Winnipeg environs. The first survey ( l % 7 )  extended 
beyond the perimeter highway which surrounds 
metropolitan Winnipeg (Sec Fig. I, Dixon andBrust, 
1972). The survey area was 55 miles, by 2 miles, 
completely encircling the city. The area was divided 
into 5 sectors, and each sector was small enough so 
that one man could sample all the pools in one day, 
and complete the 5 sectors in one week. Light 
complete surveys were carried out from May to 
August.

The second season (1968), the survey area con
sisted of 8 one-squarc-milc plots. Four plots were 
located outside ar.d 4 inside the perimeter highway 
surrounding Winnipeg. Six complete surveys were 
carried out fiom May to August.

During the first sampling period, both seasons, all 
poois in the survey area were recorded on a large scale 
map (4 inches to the mile). Each pool was drawn to 
scale, and assigned a number. Subsequent samplings 
generally involved fewer pools, and hence the initial 
map served to identify the pools. At the first 
sampling, and each subsequent sampling, the pool 
dimensions, number of larvae per dipper of water, 
temperature and pH of the water were recorded at 
the site. When larvae were found, a sample was

returned to the laboratory for identification. 
Generally 10 larvae were identified per pool. 
Sampling was repeated after each rainfall.

Fstirnatcs of larval abundance were obtained by 
taking aliquots with a pint dipper The water ir< the 

pool was stirred gently prior to sampling. Three 
aliquots were taken from small pools, and 10 to 20 
from large (>  50 sq. ft.) pools. The wulet volume of 
each pool was calculated from the dimensions taken 
at each sampling The depth was tncasuicd at various 
locations in the pool, and an average depth was 
obtained.

Preliminary tests showed that the estimate of 
larval density was closer to the absolute density when 
water volume rather than surface area of the pool was 
used in the calculation. This is because once the 
suiface of the water is disturbed, larvae disperse 
vertically A capture, mark, release, recapture 
technique for estimating absolute density was not 
practical in our study. We sampled an average of 
15-20 pools per day which allowed little lime at each 
site.

A system of pool classification, based on 
permanence of the pool was devised so that those 
supporting large populations of larvae could be 
identified and studied in more detail: A. very 
temporary, water present for less than one week in 
summer. B. temporary, lasting 1-2 weeks; C. semi
permanent, lasting 3-5 weeks; and D. permanent. In 
practice, there had to be some flexibility in the 
classification, as one season had twice the average 
rainfall and the other only one-half the average 
rainfall. Pools that arc permanent or semi permanent 
one season may be temporary during another.

The maximum number of inundated pools 
occurred in the spring (Table I). Accumulated snow
fall generally melts within a week at Winnipeg, and 
runoff water is not absorbed by the frozen ground. 
Pools so formed remain for a month or more, even in 
tiic absence of rain. Not all pools arc suitable 
ovipositmn sites for adults. Throughout the season, 
only an average of 25% of the pools sampled 
produced one or more broods o f larvae (Table I).

The species occurring in the largest numbers were 
A. i’<;xam. A. fitchii and A. jlavcscens (Tables II and 
III). A odes spenccrii. A. dorsalis and A. mictions were 
localized and these species were troublesome as adults
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TABLE 1

Phenology of mosquito development in the survey area during 1967, and a record 
of the number nf pools infested with larvae

main. _------------------- - -а-аггаг----. ... — i ixi. v . ----;--------- .............. ...  .....

NJn pools per v>r»nr nf the surwy яггав) Total no No of pooK with %  pools

’ of pools mosquito larvae infested
Dates A 8 C D F and pool typebt

May 23-30 33(8) 29(14) 22( 1 2) 15(3) 20(8) 119 4 5 (3 6H ,8 C , ID ) 38
June 1-7 19(0) 26(10) 16(10) 13(0) 16(3) 90 23 ( 17B, 5C, ID ) 25
June 8-15 12(0) 21(0) 14(0) 8(0 ) 8(0) 63 0 0
June 18-25 11(0) 20(0 ) 1 2(0) 7(0) 6(0) 56 0 0
July 10-17 10(1) 14(6) 1 /( 11 ) 12(6) 6( 1) 59 2 5 (9B.4C, 12D) 42
July 18-28 № ) N (3) 12(7) 11(5) 5(0) 47 15 (4B, IC, I0D ) 32
August 6*18 6(0) «(0) 1 H6 ) 11(6) 6(2) 42 14 (8B, 6D) 33
August 21-28 2(0)t 6( 1) 6(4) 7(3) 3(0) 24 8 ( IB , 3C. 4D ) 33

al PafL-ntlicses show pools infested with larvae. 
Ы  See tcvl for pool description.

TABLE 2

Larvae of mosquitoes in the 1967 survey area

Sampling dates and the abundance 
of each species given as a 

percentage of the total

Species May 23 July 10-28 August
June 7 6-28

Aedcs fitchii 70.2
Acdcs flavescens 15.7
Aedcs campestris 7.8 0.18
Aedcs riparius 2.3
Aedes canadensis 0.4
Aedes excrucians 0.3
Acdcs slicticus 0.1
Aedcs communis 0.1
Acdcs barri 0.002
Aedcs spencerii 0.2 4.08
Aedes dorsalis 1.8 3.7
Acdcs vexans 1.04 88.03 3.3
Acdcs nigrornaculis 0.28
Culex tarsalis 3.9 84.4
Culcx rcstuans 7.4
Culiscta inornain 4.9

Estimate of the 
total number of 
larvae in the 
survey area 4 million 10 million 400.000

in some areas. Culcx tarsalis, Culex resinous and 
Culiscta monuita made up a large proportion o f Ihc 
larvae during late July and August, as occurs in 
Alberta as well (llappold 1965) but the larva! 
population was small compared to catlict in the 
summer. Culcx and Culiscta adults ate not (rouble- 
some as human pests during August, and hence arc 
not part of the conirol program strategy in Manitoba.

In the 1968 survey area, where 8 one square mile 
plots were surveyed 6 times, only 20%  of the pools 
produced one or more broods of larvae (Table IV). 
More research into what makes certain pools 
aftractive to adult females is urgently needed. Both 
years, 1967 and 1968, the areas of high larval density 
were located near cattle, swine ami hot ses.

The amount of rainfall is important for hatching 
eggs and creating pools that will remain for 2-3 
weeks. During both seasons, the peak of each larval 
population was reached 7-10 days following pre
cipitation levels of 2 inches or more. One inch o f rain 
ur less did not produce larvae. Hatching of eggs laid at 
the bottom of pools can occur following one inch of 
rain, but pools so formed generally dry out before 
larvae complete their development.

The reasons why some pools arc selected, and 
others are not include Ihc following: ( I)  some are 
more chemically atlractive lo ovipositing females
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TABLE 3

Larvae of mosquitoes in the 1968 survey area

Sampling dates and the abundance ot each 
species as a percentage of the tafal

Species May 27-June 7 June 10-13 July 8-10 August 6-8 August 20-28

Aedes vexans 92.45 3.5 86.6 58.3 91.83
Aedes llavcscens 1.50
Acdcs fitchii 2.93 91.1
Aedes nigromaculis 0.65 2.8 .40
Acdcs dorsalis 2.01 4.5 5.9 33.2 .13
Acdcs spencerii 0.41 0.2
Acdcs campcstris 4.5 .01
Culiscta in orna ta 0.03 0.8 7.4 7.60
Ctilex tarsalis 1.1 . .02

Estimate o f the total 
number o f larvae in the 
survey area 9,000,000 16,000 3,000,000 12,000,000 172,000,000

T A B L E  4

Phenology of mosquito development in the 1968 survey area, and the 
number of pools infested with larvae

Square mile plots* >

Total no. %  pools
Dates Wo Wi No Ni Eo Ei So Si of pools infested

May 27-Junc 7 17(10) 19(4) 28(12) 26(4) 27(4) 20( 1) 31(4) 10(0) 178(39) 22
June 10 i 3 6(0) 13(0) 20(3) 22(f) 23(0) 20(0) 18(0) 5(0) 127(4) 3
July 8-10 7(3) 16(0) 21(9) 20(5) 26(15) 22(5) 24(2) 12(0) 148(39) 26
July 18-19 6(0) 14(0) 20(0 ) 22(0 ) 23(0) 21(0) 23(0) 12(0) 141(0) 0
August 6-8 5(1) 9(0) 23(2) 25(2) 24(2) 18(2) 31(9) 13(0) 148(18) 12
August 20-28 2 № 26(0) 30(8) 36(4) 23(17) 24(3) 44(16) - 205(54) 26

I) Parentheses show no. of pools infested.

(Hudson and McLintock, 1967, Maw 1970, Osgood 
1971); (2) some arc close to plant cover which 
provides suitable resting ground for gravid females 
(Hodman and Gannon. 1950) arid (3) sortie arc dose 
to an adult blood source (Horsfall 1942, Dixon and 
Urust, 1972).

The repetitive use of pools by the same or 
different species is a very important factor in iden

tifying larval developmental sites, and oviposition 
sites. In our study, 20-25% of the pools sampled 
produced larvae. O f these 56%  produced one brood. 
32%  two broods, and 12% three broods. The pools 
that produced univoltinc Aedes during April and 
May, were also the important pools for the produc
tion of Aedes vexans during June, July and August. 
Eggs of A. vexans are present in the pools during 
April and May, but they do not hatch in snow-melt
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water (Urust and Costello, 1969). Mapping of pro 
ducing pooh can be started early in the season, so 
that in a control operation survey crews can update 
then maps long before populations o f A. rexans 
appear. Univoltinc species are not generally abundant 
enough to warrant control around Winnipeg. This 
situation is different ni the lorcstcd regions oi the 
province.

The area of the pools which produce mosquitoes, 
in relation to the region as a whole, is also an 
important factor in control. We found that the 
production o f mosquitoes occurred in only a small 
portion of the total area. In 1968, the total area of 
producing pools amounted to S acres out of the 51 20 
acres surveyed. Since the survey was primarily on 
agricultural land, only ditches, farmyards, bush areas 
and pastures, or approximately 150 acres made up 
the potential habitat. The area requiring larval control 
measures was 3%  of the uncultivated land area. The 
1968 season was the wettest in the last decade.

therefore even less area would be involved in mos
quito production during an average season

Edtmit and Downc (1964) showed that cattle were 
the most important source of blood within a 5 mile 
radius of Manhattan, Kansas. Out of 1417 females of 
A. vexans. 902 had obtained all or part of their blond 
meal from cattle. Kempcl eta I ( 1946) have shown 
that cattle and horses arc important hosts for A. 
vexans in Saskatchewan. Man was also a host in 
Urban areas. Shemanchuk et al. f 1963) showed that 
cattle were the primary hosts for/f. vexans and other 
mosquitoes in southern Alberta

Nayar and Suuerrmn П 968 ) have shown that 
dense larval populations lead to developmental 
synchronization, and they suggest that these popula
tions give rise to migratory adults. If true for /1. 
vexans, dense populations at the source should 
receive prioiity where control programs arc con
cerned.
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D I S C U S S IO N

Discussion Loader ...............G. Dehdiart
Discussants .........................K M  Sommerman

G A. H. McClelland

DcFoliart: I would like to begin the discussion this 
afternoon with a couple of general comments. 
Yesterday the rapporteur, Dr. Corbet, said that what 

is needed most now are a few successes, or even one, 
and I certainly agree with this. It is disconcerting to 
realize that after 70-У0 years o f medical entomology, 
we have only one practical, non-insecticidal control 
method available, which, as lirnest Bay was telling us, 
is Gambmia in California rice fields. In this regard I 
think it is appropriate that Dr. (trust’s paper came 
late in the meeting. If  elimination of or reduction in 
amount of insecticide used, is part of this equation of 
biting fly control and environmental quality, as it 
surely must Ire, then I think, any operation which 
reduces the area of treatment by 977o qualifies as a 
very significant .contribution to environmental 
quality. This type of approach is basic to and 
enhances the potential usefulness o f all the non- 
insecticide methods about which we have been 
speaking. If  we need publicity of our successes, then 
the project about which Dr. Brust spoke certainly 
qualifies as a deserving one.

The subject of communication or lack of it 
between entomologists and the public, on one hand, 
and high level research directors and those who 
control the purse strings, on the other, has arisen 
before. I think this is a problem of great importance, 
because both in academia and government we are 
losing, not just bolding, but losing support. Somehow 
we have to find a way to convince administrators of 
the myriad of unsolved problems in entomology.

The paper by Mr. Downes pointed out that we 
may have more problems than heretofore realized. He 
estimated that we now know about one-fifth of the 
insects with which we are dealing. How do we get 
across this point of the great numbers and diversity of 
insects? Somehow we have to let the people who 
distribute (lie money know that each type of insect is

a biological entity in itself In my university we have 
a whole department Jevoted to one animal the dairy 
cow-and I have a difficult rime convincing the 
administrators that I have 700 tunes as .many 
problems with 200 pest insects.

There has been some discussion about what we call 
these insects with which we work. Bob I’cterson has 
discussed reasons why we should call them 
"man-biting flics” rather than just biting flies, in the 
interests nf getting the public’s attention we might 
even go ore step further and refer to them as 
“man-eating flies” which, I think, might elicit more* 
rotice of our problems.

Snmmerman: We are here to examine ways in which 
the control of biting Hies can be reconciled with the 
preservation of environmental quality. Dr. Weidbaas 
has pointed out the progress made and the difficulties 
encountered in repellent research, but it still sounds 
hopeful so that is encouraging, especially for 
Alaskans. Most of the refinements pertaining to 
techniques, as mentioned by Dr. Service and Dr. 
Brust, arc not applicable to the situation in Alaska 
today. But they will enter the picture eventually 
when the situation changes with the influx o f more 
people, unless, great advances arc made in other 
approaches to biting fly control.

The situation in Alaska is very simple, as it is in 
some areas of Canada where the interactions o f biting 
flies, people and the environment arc comparable. 
Cost is usually a decisive factor in determining the 
kind and quality of abatement action taken. Research 
and abatement activities arc expensive per capita in 
Alaska because the human population averages one 
individual per two square miles.

five groups of biting flies are involved and they 
are listed in descending order of health significance: i 
mosquitoes, black flics, Culicoicies, Tubanids, and 
snipe flies, which belong to the genus Symphuromyia. 
family Rhagionidac. These biting flies may be 
detrimental to health in at least four ways, - listed in



ascending order of health importance: general 
nuisances; biting, blood-sucking pests; allergy 
inducers; and perhaps vectors of disease agents. Nunc 
ts yet a proven vector and therefore priority for 
"control" activity is low. Secondary infections may 
result from scratching, -  especially in Native villages.

In each of the above kinds of biting fly injury, the 
activity is centered around humans and involves 

actual contact or close proximity. If chemists could 
develop an otherwise acceptable repellent that would 
prevent these flies from approaching closet than two 
or three feet, both the people and the environment 
would remain healthy because the repellent is applied 
to people or their clothing, and is not broadcast at 
large in the environment. Such a repellent would 
operate regardless o f locality, hopefully, and its use 
would require no other knowledge of the insects or 
the environment. Development and use of such a 
repellent should probably receive highest priority in 
research

Iri Alaska the common brands o f topical repellents 
containing Diethyl toluamidc (DEET), and Dimethyl 
phthalate (DMP) arc effective in varying degrees 
against these biting flics, especially concentrations 
containing 50%  of the active ingredient; though their 
efficiency seems to vary with the individual and with 
the group of biting Hies involved. Protective clothing, 
whether repellent-treated or not is used by sonic and 
fortunately the temperature is almost always cool 
enough so extra clothing is comfortable. The DEET- 
treated net parkas and trousers, available commer
cially in Minnesota, arc rather expensive and not well 
publicized, but it is claimed they remain effective 
about three months and enough D E E T  is supplied for 
one additional treatment. This should be sufficient 
for an entire season in Alaska. Use of repellent- 
treated clothing of this kind might become popular if 
it were publicized, and if, in each community, cither 
a Pest Control Operator, or Dry Cleaner,'01 a small 
business were equipped to treat such outer clothing 
with repellents.

All other kinds of abatement activities require a 
knowledge of the target insect’s habits in the 
immature or adult stage, and a knowledge o f the 
associated environmental conditions. In addition 
application of chemicals requires a knowledge of the 
behavior of the pesticide in associated environmental 
conditions, and the effects of the pesticide on la 1 get 
and non-target organisms. The habits of the target

insects (especially vector capabilities), the environ
mental conditions, including the presence of human 
pathogens, and the density of both the human and 
insect populations, all directly influence the health 
significance of the biting Пу groups, as well as the 
choice and success of any "control" activity.

V

In Alaska, with rctcrcnce to the insect's habits, 
except for a few species of warm-water SimuUum, all 
the biting flies apparently have but one generation a 
year. The mosquitoes are most active the first half 
hour or so after sunset, and their day lune behavior in 
woods is also the same as that described by Dr. 
Service. In my experience the mobile funnel trap 
sampling after sunset produced almost all the blooded 
and gravid specimens I ’ve taken, indicating purposeful 
(light at that time, as Dr. Service observed. In the 
forested regions the trees impede mass movement of 
the biting flics. Draining and filling habitats of the 
larvae arc feasible only when done for construction of 
housing developments, but clearing woodland, brush 
and high grass from around dwellings reduces the 
mosquito threat by destroying the resting sites.

Environmental conditions have produced three 
bioclimatic regions in Alaska, which differ both in the 
kind and magnitude of the biting fly problem, and in 
the feasibility and kind of biting fly control. The 
Aleutian Islands arc excluded from these three 
regions because the biting fly problem is minimal or 
absent there due to the fairly constant strong winds 
and lack of trees for shelter.

One o f these regions coincides roughly with the 
coastal forest and extends eastward from Kodiak 
Island to the Canada border near Prince Rupert. This 
narrow strip is limited by a marine environment on 
one side and snow-capped mountains on the other. 
The biting flv habitats are discontinuous and 
sporadic. Kiting is sometimes a problem in localized 
areas for short periods depending upon the species or 
group involved. Since almost half the population of 
Alaska is concentrated here, especially in the 
Anchorage area, there it is considered feasible to 
adulticidc for mosquito and CuHcoules abatement. 
But it is 1:0 longer done because a few individuals 
always object and pilots arc not willing to risk suit. 
Therefore no broadcast chemical control action is 
taken against biting Hies in this region

The second bioclimatic region includes the 
moderate to sparse boreal forest of interior Alaska,

140



which contains an extensive network of streams. 
The larval mosquito, black Лу and Cuiicoides 
habitats, associated with these streams and adjacent 
wet lands, arc rather extensive and fairly continuous. 
The larval tabanid habitats are sparse and limited to 
lowland basins whete the adults ate only occasionally 
troublesome. The larval snipe fly habitats occur in the 
southern bait" of the region and ate sporadic because 
they are largely concentrated on tiinberlinc slopes 
with a SI:, S. and SW exposure.

The human population throughout this region is 
sparse except on the large Military Base and in 
Fairbanks. There, as elsewhere in the Region 
adulticiding lor mosquito and Culieuidcs abatement 
gives extremely temporary relief because of rapid 
reinfestatiun, so topical repellents arc used to some 
extent anyway. In Fairbanks when mosquito abate
ment is deemed necessary, upon recommendation of 
the City Council the Public Works Department 
applies nialalliion with a thermal logger. Malathion is 
the only chemical clcaicd for use in mosquito 
abatement in Alaska, hut its effects on non-target 
organisms have nut been tested. Its derivatives have 
been shown to persist in Interior Alaska soils for 
more than a month, ami in sonic cases over a year. 
The Fairbanks mosquito abatement operation is 
controlled and executed by people who know little or 
nothing about the inter-relations of. -  the environ
mental conditions, llie behavior of the pesticide, and 
the habits of the target insects. Although mosquitoes 
are known to be most active during the first half hour 
or so after sunset, which may be 10:00 PM or later, 
adulticidiug activities are scheduled at die operator's 
convenience, and often regardless of wind conditions, 
temperature, or even real need for abatement. After 
sunset, rarely is the temperature above 70°F, the 
minimal temperature for consistent kill. During one 
extremely dry summer when mosquitoes were no 
problem, routine mosquito fogging was even done for 
aphid control! These problems concerning abate
ment activities were also common in the coastal 
forest years ago when adulticiding was still practiced 
there in Anchorage.

The third bioclimatic region includes the tundra, a 
treeless area extending from Kodiak Island north, and 
east along the Arctic Coast to the Canada border. On 
the Arctic Slope permafrost prevents drainage from 
snowmelt, and continuous daylight from May to 
August provides the light and heal necessary to 
convert this whole continuous expanse into a mos

quito breeding area Mosquitoes are the major pest 
and their populations are tremendous. The absence of 
trees enables a light breeze to tarry them great 
distances. I he other biting fly groups are rare or 
absent so have little or no health significance 
Throughout the tundra the human population is 
sparse and composed mainly of Natives, except for 
the  few w hites jsso e iu ted  Willi the oil o jitt iiltona.

Aerosol treatments in dwellings, personal repel
lents, and repellent-treated clothing arc the only 
means of protection that arc economically feasible 
in this region

Although biting fly larviciding is generally con
sidered more efficient than adulticiding, it is not 
done in Alaska largely because o f the prohibitive 
cost, inaccessibility of habitats, and lack of trained 
people to do the work Therefore most of the 
pertinent points mentioned by Dr. Hrust are not yet 
applicable to Alaskan abatement activities. However, 
if all people did use repellents the blood meal 
source would be considerably reduced, which in 
turn would reduce egg production, hence mosquito 
production, near habitations, as Dr. lirust men
tioned.

Since larviciding operations occur in the environ
ment of the insects there is more chance of detri
mental effects on parasites and predators, as pointed 
out by Dr. Service, and perhaps on non-target 
organisms also, than there is with adulticiding 
activities in the urban and suburban habitats of 
humans.

Dr. Downes has stressed a very important point 
about the shortcomings of present day taxonomy 
Insects as well as people ate the product of their 
heredity and environment so their names should 
also conjure connotations of the entire insect, its 
habits and habitats, and not just a few obvious, or 
not so obvious morphological characters. In other 
woids, taxonomy and bionomics arc inseparable. 
With present emphasis on environmental protection 
surely more field observations will have to be made, 
and the situation will eventually correct itself.

Since these biting llies all take nectar before 
their blood meals, perhaps a substitute nectar bait 
could be developed for use in traps placed near 
emergence sites to catch both sexes of adults. Such 
traps would have no direct effect on the aquatic
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habitaiV, but if successful they may produce a 
decline in wild (lowers, if these (lies are that 
important at pollinators, but then any such decline 
in wild flowers would tend to make the bail even 
more popular.

Again with reference to nectar feeding, it would 
almost teem as if it might he possible to capitalize 

on this one general habit and combine it with plant 
hormone research to modify the nectar chemically 
so the biting Hies would not desire a blood mcjl, or 
so that egg development would he retarded

In Alaska and other places where similar condi
tions exist, the following action might be taken to 
reduce biting fly injury to humans and at the same 
time produce a minimal detrimental impact on the 
test of the environment.

I Promote the use of repellents and repellent- 
treated clothing.

2. Bncoiirage research for the development of 
better topical repellents.

3. Encourage research for the development of a 
substitute nectar bait for use in trapping 
adults near emergence sites.

4. Encourage more field observations. They are 
the source of basic information, hunches and 
theories, which later arc tested in laboratory 
investigations, not vice versa.

5. Promote legislation requiring people, who arc 
applying broadcast pesticides for biting lly 
abatement, to know the habits of the species 
involved, the behavior of the pesticide in 
associated environmental conditions, including 
optimum conditions for its dispersal; and the 
proper operation of the equipment being 
used.

McClelland: First of all, I want to make some remarks 
about the individual presentations this morning and 
then go on to a few more general topics.

First of all, with Dr Wcidhaas's paper my general 
reaction was that the value of personal protection 
needs great emphasis, especially in the northern 
parts of this continent where the human population 
is sparse and the insects extremely abundant. This

would seem to be certainly the most economical 
method that we have available at present or in the 
near future He mentioned the dispaiity between 
laboratory and field trials using combinat ions of 
lactic acid and COj and one possible explanation of 
this scents to be something alluded to by Dr Friend 
and Mr Smith that a hierarcha! sequence of 
lesponses may be involved. Olfactometers mav thus 
Ik* measuring a proximal response whereas the effi
ciency of a trap in the Held depends mote on 
long-range stimuli This correlates nicely with Di. 
Service’s observations of bird feeders coming to a 
mammal trap.

Nothing was said about repellents lor blood
sucking insects such as labanids where the host- 
seeking response is primarily visual but I remember 
from personal experience land Dr. Wcidhaas may 
have some data on this) that application of a 
repellent which was quite satisfactory against u iü j-, 
quitoes seemed to have no effect on tabanids. 
I’erhaps some repellents do work against tabanids I 
would like to know mure about this, how can one 
best repel (he visual bloodsuckers'' Another thought 
that has occurred to me regarding the use of 
repellents is that repelled mosquitoes or blood
sucking insects keep on seeking a host; in fact, they 
may become more avid as time .̂oes on and I am 
wondering whether we have allowed our thinking to 
be tou channelled along the line of repellents when 
perhaps we should be giving equal thought to 
attractants. Why not attract the bloodsucking insect 
in u way that would divert it from the areas where 
its bites arc painful, disease-causing or a nuisance, 
and also kill it. I am thinking of a "super Hocking- 
blue-cap” or some strange device that would attract 
mosquitoes away from the face or hands to another 
part ol the clothing where contact poison could be 
combined with the sttractant agent -  it is just a 
thought but there may be some profitable lines of 
research in this aica.

Coming now to Dr. Downes, who raised many 
interesting issues. One point, however, may need 
clarification, lie mentioned that w-c could not 
colonize many species of blackflics nor cross them 
nor run genetic experiments in the laboratory 
because they arc difficult to mate under laboratory 
conditions. Perhaps he would explain to the nun- 
geneticists how the presence of these inversions can 
imply reproductive incompatibility. In Dobzhuiisky’s 
classic studies on Drosophila pscudohsaira, seasonal
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variations in the frequency of inversions in the 
polytcne chromosomes wen* not necessarily cor- 
relate**] with reproductive nicoinpatibility On that 
lint*, it may be of interest that one of |)oh/hansky’s 
former students, f-tancisco Ayala, now on tin* Davis 
faculty with him, has applied the method of starch-gel 
electrophoresis to the study of' allo/.ytnc variation in 
Drmnphila Although this let (inique mav tell a some

what different stoiy from a study of inversion 
polymorphisms if is much easier and quicker to 
extract the flies for electrophoresis than tu prepare 
ami read the polytcne chromosomes It is a technique 

that might well he applied to blackllics

The cytoplasmic ctossing types in Culex I do not 
believe can be regarded as species. Gene flow is 
possible, even if only one way when crossing type 
A meets crossing type If it may take over and 
displace trussing type B but the genes that were 
present in the populations of both crossing types 
arc incorporated in the new population. I.avcn 
suggested that there was however one theoretical 
possibility of spéciation where three or more of 
these mating types arose together so that two 
different one-way crossing types each displaced a 
third crossing type until when they met there was 
complete reproductive incompatibility

Dr. Downes’s correlation between autogeny and 
inbreeding was an interesting statement and I was 
trying to think of the implications that autogenous 
insects were necessarily more inbred. All animals 
surely have to evolve some form of mechanism to 
ensure outcrossing. This is essential to the survival 
of any spvjics so one wants to know what happens 
to the other insects that are not bloodsuckers; they 
arc in a sense autogenous but they have presumably 
avoided the dangers of inbreeding, so I wonder 
whether autogenous mosquitoes are in fact so very 
different. Consider also the example of Culex 
jaitgam in an African hut. This is not an auto
genous form but ill dry parts of Africa it is 
confined to the environment of a small hut where it 
breeds in jars of water and this seems to compare 
very closely with Culex pipiens molestus, the auto
genous form, which is usually found in restricted 
habitats. The size of the habitat and I lie size of the 
population in both cases may be similar. Admit
tedly, in the case of C. fatiguas the population can 
expand out when the rainy season comes but I 
suggest that at certain times o f the year the auto
genous pipiens populations can also expand in a

similar way. Huwcvci, D i. Downes’s point is very 
well taken that the taxonomists should be more 
concerned with biological species and I think to this 
end very many non-murphological characters should 
receive more emphasis Here I think numerical 
taxonomy may well provide (be method for in
tegrating all these different and often quantitative 
characters

An implication of the multiplicity of species for 
autocidai control is rather interesting. If there are in 
fact very many more species than we have hitherto 
thought, or if  populations of some biting fly or 
mosquito perhaps turn out in reality to be a 
number of discrete genetic entities, the size of any 
one population and hence the magnitude o f the 
autocidai control effort will be smaller. On the 
other hand, the more of these different genetic 
entities or biological species that exist together, the 
more difficult it will be to eradicate the whole lot 
because a completely separate genetic technology is 
going to he needed for each one. If we succeed ill 
creating a suitable translocation or inversion in one, 
we would still need it in ihc others; the more 
species the harder the technology It could be an 
advantage, however, in cases where only one of a 
species complex was a pest.

Coming now to Dr. Service’s very interesting 
paper, my first comment concerns spider predation 
on emerging adults. I wonder whether it may 
explain some examples of strongly periodic émer
gence in mosquitoes. An example is Aides vit tutus 
in Africa which emerges at the hottest time o f  the 
day when, the water temperature is sometimes as 
high as 42 degrees in the Held. One might think 
that such predators as lycosid spiders on exposed 
water surfaces would take shelter at the holiest 
time o f day. I have no persona! observations on 
spiders but it might be interesting to see whether 
some o f these circadian periodicities in emergence 
can be correlated with mechanisms for avoiding 
predation.

Mention o f the long interval between emergence 
and first feeding is very interesting. Is this charac
teristic of most species in cold temperate climates 
or peculiar to only a few? Is there evidence that 
feeding begins earlier in any other species in cold 
temperate areas or is there comparable data on any 
tropical species? In view of this long lapse between 
emergence and bloodfccding I wonder if Dr. Service
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can rule oui the possibility of facultative auiogcny 
in Aales catituns. A comparable observation in 
California, scinch Dr. Anderson will confirm, was 
made by Duane Lee oi Berkeley mi a mark release- 
recapture experiment (which I do nul think is 
published yell where Aciie\ ucnatsts captured at 
about $<> days aller initial release was still nul- 
lipaious or uniparous Ibis suggests that the 
phenomenon might be more typical al least among 
related Acdis species

Is opportunistic (ceding in sheltered areas really 
opportunistic or is H indicative of a lightintensits 
effect on biting periodicity'’ An analogous situation 
is found in I lie tropical forest where the periodicity 
of biting in the canopy is usually different from 
that on the forest floor In the canopy Inting 
periodicity can be extremely sharp, occurring in a 
period o f perhaps half an hour or so at dawn or 
dusk, whereas on the forest floor a low level ol 
biting may continue all day. Many of you will be 
familial wiih the work of lladdow and others on 

this, so one wonders if in the slidtcted areas there 
is rnctely a strctched-out biting period. While I 
cannot disagree with the concept of opportunistic 
feeding I think it is not the only explanation for 
these longer biting periods.

There have been recent observations that male 
mosquitoes have the same host-seeking behaviour as 
females. We have noticed it in A aegypti using one 
of Marry Gouck’s olfactometers similar to that used 
by Dr. Weidhaas and wc have seen in the field, at 
Dar es Salaam, Tanzania, that males would come to 
the host and show the same response as females. In 
the olfactometer the males do not entei (lie daps, 
they stay in a little hovering swarm outside the 
entrance. If  you run the olfactometer with males 
and count the number that get m the traps you do 
not get a tino measure. If. however, you observe 
what is going on, you see that the males are 
nevertheless congregating outside the trap entrance 
leading to the host that is favoured by the females. 
Now the point o f these remarks is that Dr Service 
has mentioned certain diptcran predators that come 
aftei the biting insects ami one wonders if perhaps 
the predators arc also showing the same response. 
Just as male mosquitoes respond to the host to 
provide an opportunity for copulation maybe the 
predators respond to a host as a possible source of 
bloodsucking insect prey It might be an interesting 
problem to investigate.

Tfte question “Where do females go between 
feeding and oviposit inn 1 "  is intriguing We have 
often assumed lather o adily that female mosquitoes 
take a single blood meal, undergo a gonutmpliic 
cycle, rest dining this gonodopluc cycle, and then 
oviposit However, work that Gordon Conway and I 
did m the Bupiinim auto-tiie dump, one of these 
now (anions slacks ol tues showed conclusively 
dial Mime iemaies ш A mgvpti engorged twice on 
consecutive days m the same gonutiophic cycle Ihe 
mosquitoes we released were fully and fleshly 
cngoiged and, by engorged, we mean that their 
abdomens were thoroughly bloated and bulging with 
oui own hiight led blood The next day a mosquito 
that was marked in this condition on the previous 
day was recaptured again fully engorged. Now one 
knows that 24 hours after a mosquito has led it 
does not have the same bloated appearance. We had 
seven of lliesc double feedings and one of them 
occulted in what was almost certainly noi the first 
gonotrophic cycle because this particular mosquito 
had been caught, marked and released engorged on 
day 0, captured again and engorged on day 4, and 
captured again on day 5 when it cngoiged once 
more. One assumes that it had oviposited between 
its engorgement cm day 0 and its capture on day 4 
although we could not confirm this by dissection or 
we would have been unable to release the mosquito. 
So another possibility that must be taken into 
account with biting insects is that there may be 
more than one feeding in a gonotrophic cycle.

Coming to Dr Brust’s paper, I think Dr. 
DeFoliarl has made several comments here and I 
will restrict mysclt to a few. I notice he mentioned 
the lack of larval predation and I am wondering, in 
view of what we have heard from l)r. Service, and 
as Dr. Anderson mentioned yestcrday-fïarcia’s 
work in California on the predation o f salt marsh 
Aedcs by spiders as they emerged-whether surface 
predators might play any part in these pools. I 
think the thing that impressed me most about Dr. 
Brust’s paper was the preponderance of larval breed
ing close to adult blood sources. This seems to 
imply first that (in this species at least) population 
size may be limited by the availability o f blood and, 
second, that in areas where man is the main blood 
source, personal protection by repellents could in 
itself reduce the population. I wonder whether there 
are observations to confirm that.

Coming now to some general comments on the 
last couple of days, it seems to me that almost
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nothing has been said about population d\ tunnies. i 
think we arc all aware of the implications that most 
animals have a density-dependent mortality com
ponent As examples among adult mosquitoes, Hrust 
has shown that opportunities for feeding may in
fluence survival and I'ccundily and Service has 
shown that interference can occur between mos
quitoes biting the host at the same time This might 
be related to the very sharp circadian periodicities 
of biting in some species. Could it be a mechanism 
whereby the i i i i i m i i i i i i i i  numbers of bloodsucking 
insects conic to hosts simultaneously so that then 
interaction may possibly exercise a density- 
dependent control à la Wynne Edwards’ Dr Hock
ing has made many observations on aggicgalion 
among larvae and he might have something to say 
on its effect as a density dependent mortality 
factor We must not forget that, on average over the 
years, one Icntale gives rise to one female irrespec- 
live of the number of eggs or batches of eggs laid, 
so when we arc talking about achieving such and 
such a percentage kill this will not cause a linear 
reduction in the population if density-dependent 
mortality (actors aie operating.

You all know that chemical, biological, and 
genetic or autocidal control operate differently in 
relation to density. In chemical control, ignoring 
susceptible individuals which escape a lethal dose, 
there may be some resistant individuals that suivive 
but resistant phenotypes often have lower repro
ductive potential or are less fit generally than the 
susceptible forms. In the case of autocidal tech
niques the chance survivors will in contrast tend to 
be thoroughly normal individuals which, having 
been exposed to a lower density, may respond with 
greater fecundity and the population may well 
show more homeostasis than under chemical con- 
bol. I am sine that these faclors aie also important 
for biological control agents and should be given 
more emphasis. Wc might even seek ways of apply
ing control agents to populations in such a way as 
to antagonize the natural population homeostasis.

One final comment I want to make on autocidal 
control which I do not think has been given enough 
emphasis in these lew days. We have heard that 
most methods of autocidal control are going to 
involve inund.ilive releases. I wonder whether 
enough has been said about the implications. Given 
the genetic technology, e.g., the availability of trans
locations. and given the mass production facilities

needed, wc have to face the fact that wc arc dealing 
with a vector that may have a dispersal of If) or 20 
miles or more Certainly, if we ever develop tech
niques for blackflies wc may have to be involved 
with very long distance dispersal Releases have to 
he made on a front that is tar deeper than the 
maximum possible dispersion and as broad es
sentially as the area of country in which the insect 
occurs. In Canada, which has a very sparse human 
population and a dense fly population in an 
enormous area, inundalive releases would seem to 
be absolutely the worst possible choice of control 
method from an economic point of view. I grant 
you that this is a perfect method for preserving the 
environment but I doubt if such operations are ever 
going to he feasible in view of the potential pro
ductivity or wealth of the land which wc are going 
to pieserve from mosquito nuisance. I have some
times been considered a mosquito geneticist and I 
hate to do tins anti-public relations job for auto
cidal control. I think (hat the technique has many 
applications in other parts of the world where pest 
populations are smaller, more closed, or where the 
economic gain from control methods is very high. 
Basic research could be encouraged in this area hut 
we ought to think more before wc spend large 
amounts on development.

OPEN D ISCU SSIO N

Hudson: Could l)r. Wcidhaus tell us if there is any 
correlation between the attractiveness of different 
subjects and the subject’s skin temperature?

Weidhaas: I think so. I can at least give you a 
summary of information derived from Gainesville. It 
deals with olfactometers and /1 edcs aegypti.

It is relatively easy to identify subjects that are 
more or less attractive. Л scries o f tests were run w'ith 
50 men and 50 women to compare a number of 
factors such as skin temperature plotted against 
attractiveness. This showed a gently increasing curve, 
the higher the skin temperature the more attractive 
response was gotten. However, in the middle region 
of the curve there was no significant difference. There 
were significant differences between the skin temper- 

.aturcs of men and women, men being slightly more 
attractive than women.
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Lactic acid was examined in the same way as skin 
temperature. You can put the amount of lactic acid 
given off by a subject on one axis and attraction on 
the other. You get a curve which shows you some 
degree of correlation and it seems to hold up Hut if 
you look at individuals it's mighty complex, and one 
individual may show you this kind of phenomenon 
while another may not. So I think that what we arc 
really looking at is a complex system of interrelated 
(actors.

Dr. McClelland mentioned that repellents have no 
effect on tabanids. I would say they do have some, 
but they are not completely satisfactory, perhaps Dr. 
Mocking's hat and some clothing would do as good a 
job as any.

Attractant traps were also mentioned. I think the 
idea is good, and I think that either you divert some 
from humans by other attractants or you try to 
attract the insects to some area and actually kill 
them. Eventually, perhaps you could have some 
effect on density.

I think, in general, the attractants we have are not 
potent enough to do this job so that people arc really 
protected.

Coffey: I wonder would the panel care to say a word 
on the subject of repellcrs, perhaps addressing them
selves to that very interesting model we heard of, the 
aluminum foil white hal, and also the one I men
tioned, the dragon-fly on the string, -i wonder if in the 
first case wc arc dealing with a portion of the energy 
spectrum which has some effect on biting flies but 
which has not been examined carefully. In the second 
case, is it possible that predators do emit frequencies 
which, if properly reproduced and analysed, could be 
used instead of repellents? These might replace the 
attempts at sonic repellcrs, which I understand have 
not been successful. 1 do make the point that it is 
possible today in the sonics area to reproduce in a 
very sophisticated way all the components of any sort 
of a noise signature and here you may be dealing with 
a chord or a very elegant series of frequencies, rather 
than the single one that has been used on the sonic 
devices to date.

DeFoliart: If  I remember correctly, the aluminum hat 
was attractive to blackflics. The hat was covered with 
fuel oil; insects would come in (attracted by the hat) 
and become stuck in the oil. This relates to an earlier 
point made that you can offer something attractive

which diverts the insect from the part you want to 
protect. Also, on the subject of the hat, when 
aluminum was replaced by an olive drab it caught no 
flies Therefore, aluminum itself, maybe its reflec
tance, may have something to do with it.

Downes: It is established that for a number of biting 
flies, particularly blackflics and taoanids, there is a 
visual component in their host seeking and landing 
behaviour. For instance, Dr Faltis' group have shown 
that the precise site of landing of a simuliid on a loon 
depends on the shape of the loon and the pattern of 
the neck.

With regaid to the dragon fly, I do not think it is 
impossible. Whether the stimulus that the hovering 
dragon-fly puts out is auditory or visual in regard to 
the incoming mosquito, I couldn't guess at all for the 
moment, either is possible. Of course, I think the 
whole incident needs to be rechcckcd. I have ob
served Acdes vexans swarms being preyed upon by a 
ceratopogonid predator. The Aides vexans runs back 
and forth in its swarming flight, with the ceratopogo
nid predator hovering like a sparrow-hawk within Hie 
swarm. Suddenly it changes its flight mode, when by 

chance one of the swarming potential prey come 
within about a couple of inches of it. It lands on the 
prey, pierces it and sucks the juices. But Acdes vexans 
can perceive the danger and take avoiding action, it 
suddenly suspends its back and forth flight and 
swishes around the predator. So I am not inclined to 
disbelieve the dragon-Пу story. I think it's interesting.

DeFoliart: I think similar activity has been observed 
with hovering tabanids. When predatory wasps come 
in the tabanids scatter, whether they see them or hear 
them is not known.

Mulla: I think Dr. McClelland brought out some very 
good points regarding specific methodologies such as 
autocidal control and uviposition attractants. We are 
aware of the problem of economics and I would like 
to mention the screw worm fly control program 
which iiî>s been going on in Texas for 10 to 15 years. 
The cost of the program is far less than the cost of 
damage done to livestock in Texas.

There are some highly specific oviposition attrac
tants, but these arc so specific that if they work on 
Culex (arsalis they will not work on Culex quinque- 
fascialus and vice versa. The question is who is going 
to put up the money necessary to develop these kinds 
of compounds.
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The other point I would like to make refers to Dr. 
Somrnennan's remark that repellents do not cause 
environmental pollution. I think she means relatively, 
because when you use these on a large scale either on 
animals or on humans, they have to be washed away. 
Now what happens to these chemicals? They go back 
into the water systems, into (he soil and into the air. 
So we arc back to the pollution problem, hut the 
effect of repellents probably would not be as severe 
as that of larvicidcs and adultieides applied to large 

breeding aieas.

I would like to comment also on the use of 
ultra-frequency sound in repelling mosquitoes. Very 
recently an engineering firm in California distributed 
a device producing some kind of distress sound which 
they claim icpcls mosquitoes and other biting flies. I 
have not tested this unit yet.

Cooper; After listening to (he piogram throughout 
the week, I would like to refer briefly to Dr. Brust’s 
paper and bring op one or two points that I think are 
important. If we must use chemicals wc should pay 
more attention to the formulations that we are using. 
As you arc aware, many of the formulations for water 
media are developed to the specifications of WHO 
and these are at approximately 70°F. Many com
pounds arc brought to Canada and we find that water 
temperature has a great effect on the emulsification 
systems which are being used. In many cases I am 
sure that the poor results that may have been obtained 
resulted in more chemical being used than necessary' 
simply because the formulation does not suit the 
situation. Wc need to work more closely with the new 
breakthroughs in the emulsification systems which are 
being developed with surfactants and emulsifiers.

I would like to comment also on the fact that wc 
need more information from the people studying 
control, on what type of control they wish. Do they 
wish the compound to stay close to the bottom? Or, 
do they wish it to be near the surface? In the last 
year wc have shown that some products applied in 
cold water with various metallic ion concentrations 
do not act in the way we expect them to, and it 
depends largely upon what type of water you wish to 
treat. We need to know more about pH, we need to 
know more about the metallic ion content and we 
need to know more about where you want the 
toxicant to be to give maximum control. This is very 
important if wc arc going to reduce the pesticide load 
that we arc currently using, and 1 hope this phase is

not overlooked. If  we must use chemicals, let's use 
them right and use as little as possible.

Downes: I would like to comment on some of Dr. 
McClelland's ob^rvations. Inversions, of course, arc 
decisive indicators of specific distinction only when 
they occur sympatrically with the standard chromo- 
SulUc iliill yC i lio  heteio/ygoteS ale detected in an

adequate sample. In the lùtsimulium aurcum case for 
instance, seven entities were distinguished, two sym- 
patric chromosomal types in Ontario, two more in 
the Prairies, a single one in California and two more 
in Europe, sympatric at least in the area of Leningrad. 
In each of the three cases where pairs of forms occur 
together, hétérozygotes were not found and it was 
concluded that the pairs represented good species. 
Strictly speaking, the method indicates no more than 
this, but in this particular case there arc other 
persuasive considerations, relating to the method of 
sex determination and the differing complements of 
floating inversions, that strongly suggest there arc not 
just three pairs of sibling species but in fact six, or 
probably seven, distinct types.

Rai: The work of Rothfcls and colleagues has 
demonstrated that there is very extensive inversion 
polymorphism in blackflies, but, of course, it is not 
the inversion per se which is responsible for reproduc
tive isolation. What happens is that the inversions 
keep the particular block of genes intact from 
generation to generation; and in the course of time, 
the inverted and the normal segments might diverge 
sufficiently by accumulation of different mutations 
to be related to or to be responsible for алу 
reproductive isolation that might occur between 
different populations of blackflies or Anopheles 
gambiac or Anopheles maculipennis.

Bellamy: I want to ask about the chromosomal 
inversions in blackflies. Possibly Dr. Rai has covered 
the point, but I am not quite clear about it. As I 
understand it, both the inversion and the standard 
chromosome can occur in the homozygous condition, 
but the heterozygous condition may be absent from 
the population sample. It is assumed, therefore, that 
the inversion constitutes a complete barrier to the 
crossing of the two types. But 1 would suppose an 
inversion can only be generated singly, and in the 
next generation would necessarily occur in the 
heterozygous condition and would thus be eliminated 
at once. I do not see how the isolated population 
carrying the inversion in the homozygous condition 
could be brought into existence.
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Downes: As Dr. Rai has explained, and as I should 
have explained in iny talk, it is not the inversion as 
such that constitutes the incompatibility. Rather the 
inversion, being a region of the chromosome in which 
crossing over cannot occur, allows mutations to 
accumulate within it, perhaps slowly, but perhaps 
also rather rapidly, to such an extent that incom
patibility is established. The occurrence ot the inver
sion provides the substiute for sympatric spéciation, 
rather than the act of spéciation itself. Dunbar (I96S) 
has discussed this question.

Rai: Dr. McClelland raised the point that methods of 
genetic control might not be cither practically or 
economically applicable where there is a vast expanse 
o f land and a great deal of diversity in populations. 
I quite agree. However, I am quite certain that there is 
not very much work being done in Canada on the 
genetics of biting Hies. 1 think that the investment of 
funds to start investigations on at least a few 
important species would be very appropriate.

Service: Dr. Bay spoke briefly about density factors. 
With Aedcs cantons we have noticed that when there 
is a very high larval population this usually results in a 
higli adult population, but adults are always small and 
wc find they lay relatively few eggs. In another year 
when the larval population is smaller, there will be 
fewer adults, but they will be bigger and lay more 
eggs.

Weidhaas: Again speaking of our experiment on 
Seahorse Key, we did sec density-dependent factors 
come into play with the population under control by 
sterile male releases. We saw no change in reproduc
tive success during the first generation. In the second 
generation the reproductive success of this population 
increased to fivefold; 3 to 4 weeks after starting, and 
in the next 2-week period, it increased to tenfold, 5 
to 6 weeks after starting. It took 6 weeks before the 
changes became really apparent.

Wc did some release experiments on the island 
with female Culcx quinquefasciatus lagged with V 32. 
We could identify the rafts by their radioactive 
content, and by plotting the time of collection of the 
egg raft with the time of release wc could determine 
the gonotrophic cycles. Generally they were about 3 
to 4 days, but in some cases we hud some evidence 
that first egg rafts were still being laid after 12 days.

Whitehead: It seems to me that the pioblem we have 
in taxonomy is that taxonomists present a picture of 
fairly discrete entities. If  you have 10 or 15 species 
you would expect to find very serious taxonomic 
problems amongst them of the sort mentioned by Mr. 
Downes. The only instance in which one would not 
expect to find such problems would be with single 
populations or essentially pannuctic groups of popu
lations.

I think the practical entomologist would like 
clearly desciibcd analyses of the pattern of geogra
phic variation, so that from the results of an 
attempted control of one population he could predict 
effects of similar attempts at control on other 
populations.

Service: Andy McClelland remarked on Aedcs cantons 
biting during the day in sheltered situations and 
wondered if this was really opportunistic feeding or 
did it reflect advancement of the biting cycle because 
of the dark situations provided by the vegetation.

In reply, I do not think this was so because the 
light intensity within the sheltering vegetation in the 
wood and outside it was not very different. The bail 
catches were made in the wood during the day and 
the initial high biting population peters out after 15 
to 20 minutes. This indicates to me that we were 
merely sampling the local population.

Finally, with respect to the possibility of faculta
tive autogeny in Aedcs cantons. Our observations arc 
that if you give unfed A. cantons females sugar 
solution they will live from 7 to 9 weeks in the 
laboratory, but will never develop their ovaries on 
this. In addition to this, adults coming to the bait at 
the beginning of the biting season are all nulliparous.

In marked contrast, adults of Mansonia richiardii 
which came to bait were all parous and wc attributed 
this to first-cycle autogeny

Downes: Di. McClelland also referred to the question 
of autogeny as promoting inbreeding and perhaps 
therefore tending to promote spéciation. He was 
inclined to object, if I took him correctly, that 
outcrossing is essential for survival. Outcrossing is 
surely the normal mode of long-term species survival 
and evolution, but I do not think it is the only 
adaptive breeding system for all species. Botanists, for 
instance, are familiar with many kinds and degrees of
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limitation of outcrossing, often culminating in apo- 
mixis in weedy species and in the Arctic. And even if 
it is not conducive to long-term survival, we do not 
know that these autogenous species arc in fact all 
long-lived entities. I think (he indications arc that 
they ate not long lived as compared with the 
blood-mcal-dcpendent forms, The family Simuliidae 
has gone on thiough the ages, peihaps Iront the early 
Cretaceous, as a piednniinantly bloodsucking group. 
The autogenous species, I suspect, come and go, 
conceivably as Bob Peterson was hinting even within 
a few seasons, but very likely within a million or so 
ycais of thcii generation: there is no reason to 
suppose they ate usually long-lived forms able to 
survive a succession of major environmental changes. 
In regard to block flics, I feel sure that outcrossing is 
not always the adaptive mode. On the Arctic tundra 
most species arc autogenous and thereby tend some
what to inbiceding. I examined some ten species and 
found that several of these autogenous and thus 
somewhat non-dispersing forms have also lost the 
swarming flight and mate immediately beside the 
stream at the point of emergence. This must set up an 
even greater tendency to inbreeding. Three of the ten 
species, finally, are malelcss partlicnogcnetic forms in 
which all possibility of gene exchange has been lost. 
Only one other parthcnogenetic bluckfly is known. It 
seems clear that a progressive limitation of outcross
ing must have some important adaptive value under 
tundra conditions.

Service: Dr. Hocking asked, “From which direction 
out of the blue does Acdes can tans arrive in relation 
to wind, topography, etc., for feeding on man? ”

In the wood, where the catch was made wind 
speed was very low indeed and the topography 
seemed to be the same all around. However, I have 
noticed that when you sit with your legs stretched 
out in front of you, you very often catch more on 
one leg than on the other.

Corbel: On the subject of which way mosquitoes 
arrive. I did a biting periodicity study on my own in 
the Arctic once and I collected the mosquitoes as 
they arrived at the bail, which was myself. At the 
wind speeds that could he measured with the instru
ments I had available, they always arrived upwind. At 
very low wind speeds it appeared that they were still

arriving in relation to the wind and therefore always 
arrived fmm a single direction.

DeFoliart: Can anyone explain why they arrive in 
pulsations'1

Corbet: I think Dr. Service mentioned a possible 
explanation ol this, that one was exhausting the 
immediate aica within which the bait was attractive.

Service: I have noticed both in Africa and England 
(hat mosquitoes do not arrive regularly at the bait, 
there may be an interval of several seconds, or a 
minute, with nothing and then 3 or 4 will come, 
almost simultaneously. I have obsetved this repeated
ly but I don’t know why it is. It could be that at very 
low wind speeds small unapprcciable changes altci 
the odour stream and stimulate a gioup to come 
down together•

Pucat: From some landing rate studies I have done 
with Culicoides I believe that the biting rate depends 
ori the population density. If (he population is high, 
they attack in great numbers from the beginning of 
the observation period of a half hour, with the 
highest peak of attack occurring in the first six 
minutes and smaller peaks following approximately 
ten and twenty minutes later, If  the population is low 
they start slowly and build up gradually, with the 
fust peak occurring after 15 minutes of observation.

Provost: Wc must be very careful to distinguish 
between an odour stream from the bait going out and 
reaching the insect and pulling it in, and spontaneous 
flight.

We have established our species as being crepuscu
lar or nocturnal, or diurnal. The great majority arc 
crepuscular with a ccitain level of activity duiing the 
night and none whatever during the daytime and vice 
versa. You can go into areas where nocturnal species 
are resting duiing the daytime and get bitten, but you 
have to remember that the insects ate not spontane
ously looking for an odour sircam. You bring your 
odour to them and this situation often exists in the 
course of taking biting counts. I think that what you 
arc really doing is not sampling the population, but 
measuring the adequacy of where you happen to stop 
as a daytime resting place for nocturnal mosquitoes.
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SU M M A R Y

Rapporteur...........................Susan Mclvcr

In this presentation I will summarize briefly the 
papers which were given this morning and the 
comments of the discussants, point out two specific 
reCununeriJjtiuiis which emerged from today’s deli 
berations, and indicate four general considerations 
which underlie, not only what has been said today, 
but the entire symposium.

In Dr. Weidhaas’s paper on personal protection lie 
stated that due to a variety of reasons the use of 
protective clothing and repellents is the only means 
available for protection against biting flies in many 
regions of the world. Of the 10 to .> thousand 
compounds screened for use as topical or individual 
repellent, DEET has proved to be the most outstand
ing. However, no known repellent, including DEET, is 
entirely satisfactory. The loss of protection by 
repellents appears to be correlated with the rate of 
loss from the skin due to abrasion, evaporation, and 
absorption. Dr. Weidhaas also mentioned that at 
present no effective systemic repellent is available, lie 
stated that wide mesh netting which has been treated 
with repellents offers much promise for use as 
bednets, jackets, and coverings for openings of 
enclosures.

The basic point emerging from Dr. Weidhaas’s 
paper is that partially effective repellents, such as 
DEET, are available but that for the development of 
more effective repellents the following lines of 
endeavor must be pursued: ( I )  There must be 
continued investigations into the mode of action of 
repellents and continual screening of compounds for 
repellency. (2) There should be extensive studies, 
both physiological and morphological, into the recep
tor mechanisms used by the insects for the perception 
of the repellent. (3) Studies on the attraction of 
biting flics to their hosts should be encouraged. These 
investigations should involve a search for the attrac
tive stimuli, the specific stage or stages in the 
host-finding process at which they act, and the 
distances at which these various stimuli are effective. 
(4) Work on additives which slow down the rate of 
loss and formulation of repellents would add to the 
usefulness of known repellent compounds.

Next came a thought-provoking and stimulating 
paper by Mr. Downes, in which he challenged us to

take a closer and more critical look at the species 
concept as related to biting flies, lie encouraged the 
use of the full array of tools at our disposal including 
genetics, biochemistry, geography, ecology, physiolo
gy, and behavior, as well as traditional morphology. 
He pointed out that species such as Prosimulium 
hiriipes may turn out to be many species when 
investigated by some of the newer approaches to 
systemalics. Also he discussed the revolutionary and 
intriguing possibility of sympatric spéciation in black 
flies. In addition, he mentioned that frequently 
polymorphism may exist within true biological spe
cies. With respect to this intraspecific diversity, he 
discussed variations found in species with wide 
geographic distributions. North America provides an 
excellent location lor the study of such distributions, 
as an almost continuous land mass, extending from 
the Gulf Coast to the Arctic Ocean, without signifi
cant interrupting natural barriers and having a conti
nuum of photoperiodic situations.

In order to plan and execute successful control 
programs, it is imperative to know precisely the 
species with which one is dealing, including the 
diversities which may occur within that species, such 
as any differing behavior patterns, if and to what 
extent autogeny occurs, etc. After all, usually it is not 
the entire species which we are trying to control, but 
populations thereof, which may be highly diverse. In 
Mr. Downes’ new systemalics he urges not only 
systematists, but the rest of us as well, to recognize 
the diversity inherent in species and the importance 
that understanding of this diversity has to doing 
meaningful basic research and to the success of 
control programs.

Dr. Service delivered an interesting and lucid 
account of his studies on anautogenous Aedes, 
particularly Aedes cardans, in Britain, and he indica
ted that the results of his studies may be applicable to 
Canadian species of Aedes. lie has studied the entire 
behavior of the mosquito and not just those activities, 
such as host-finding, mating, and oviposition, which 
in the past have been of primary interest to entomo
logists. His observations and experiments have helped 
to complete our knowledge of the activities of 
mosquitoes.

|)r. Service has also made some valuable observa
tions on predation on mosquitoes and the times at 
which they are most vulnerable. His idea of using the 
precipitin lest to identify the meals of mosquito
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predators may prove lo be a useful tool in the 
attempt to find and assess the importance of such 
predators. He indicated the difficulties which can 
result from using various trapping methods for 
determining host preferences of mosquitoes.

With regard to the flight behavior of Acdes 
cantons, Or Service found that usually Ibis species 
flics very near the ground, hut may fly at higher levels 
for swarming and mating. Little evidence was obtai
ned from his studies for non-specific (light behavior, 
and A. cantons appears to (ly only for dispersal, 
host-seeking, oviposit ion, escape from predators, etc., 
otherwise it seems to spend an inactive life.

for the application of control measures, whether 
chemical or biological, it is essential to know where 
the insects are and what they are doing. Through Dr. 
Service’s work much more is now known about the 
activities of British mosquitoes and his studies can 
well serve as models for the type of investigations 
which need to be conducted on our own northern 
biting flics.

Dr. Brust presented a paper on the distribution of 
Acdes larvae and their control. At present control of 
temporary poo) Acdes species is dependent upon the 
use of short-lived insecticides which are applied by 
ground crews to heavily infested pools. In a detailed 
study of the distribution of Acdes larvae around 
Winnipeg, it was revealed, among other things, that:

1. There is a definite association between the 
abundance of Acdes larvae and the proximity 
of a blood source such as cattle.

2. Tire repetitive use of pools by the same or 
different species is a very important factor in 
identifying larval development sites.

3. Only 3 per cent of the uncultivated land area 
around Winnipeg was involved in mosquito 
production.

The conclusion from this paper is very short, but a 
most significant one. By knowing the exact distribu
tion of a pest species and treating only those infested 
areas, the amount of insecticide required for satisfac
tory control can be kept to a minimum.

Dr. DcFoliart initiated the discussion by referring 
to one of Dr. Corbet’s comments yesterday that 
nothing attracts funds like success, and he suggested 
that Dr. Brust’s work on the Aedcs larvae around 
Winnipeg is a good example' of a successful control

program. The importance of communication, not 
only among entomologists, but lo the public and to 
the people who control finances, was stressed by Dr. 
DcFoliart.

Dr. McClelland commented specifically on the 
four papers presented this morning and made several 
general statements I think two nf his general state
ments require special mention. The first of these is 
that in our deliberations and discussions in the past 
three days very little has been said about population 
dynamics, and yet we have been discussing biological 
control for which population dynamics is the founda
tion.'Dr. McClelland also brought up the point of the 
practicality and economic feasibility of autocidal 
control programs in a country such as Canada with its 
huge land area and many pest species, usually widely 
dispersed.

Dr. Sommcrman, who works in an area quite 
similar lo the northern pait of Canada, stressed the 
necessity of using repellents and protective clothing 
in such areas. She made the practical suggestion that 
local facilities for “recharging" clothing, bedncls, 
etc., with repellents should be established. Dt. Som- 
merman also characterized three biting fly regions in 
Alaska and discussed the problems which occur in 
each of them. She mentioned the misuse ol insectici
des and she recommended better training and control 
of the individuals who apply insecticides, to encoura
ge reduction of the amount of these agents unneces
sarily and unwisely used.

Specific Recommendations

There are two outstanding points which arose 
from today’s proceedings. The first is that due lo 
costs and the impossibility of area control, one must 
rely on personal protection methods in sparsely 
inhabited areas, thus including a large percentage of 
Canadian territory. Continued and accelerated re
search for better repellents and protective clothing is 
recommended.

Secondly, the exact spatial and temporal distribu
tion of the target or pest species should be deter
mined in planning control programs, in order to keep 
the amount of insecticide required to a minimum. 
Not only is this recommendation in keeping with the 
preservation of environmental quality, but it has 
economic implications in calculating the amount of 
financial outlay necessary' for control programs. ,
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General Considerations

When considering a control program, rout super
ficially simple questions need to he asked about the 
pest species.

1. What is if'1 With what species, sutvpccies, and 
population is one dealing7

2. Where is it7 What is the temporal and spatial 
distribution of the species?

3. What is it doing? What is the behavior of the 
species7

4. Hmv does it accomplish the observed beha
vior! What arc the underlying mechanisms of 
behavior?

The success of any control program, be it chemical 
or biological, rests directly upon the depth, sophisti

cation, and subtlety with which we can answer these 
questions. Yes, we have made progress in being able 
to provide answers to these questions and the 
participants of this symposium have certainly done 
their share, but we still have a long way to go before 
the answers are complete.

Л ipintnlinti from Robert Frost’s well-known 

poem seems a most appropriate way to close this 
discussion.

The woods aie lovely, dark and deep,
But I have promises to keep,
And miles to go before I sleep,
And miles to go before I sleep
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logical Research to the Defence Research Hoard

•Hocking, B. Chairman, Department of Ento
mology, University of Alberta

•Hudson, Anne Chairman of the Organizing Com
mittee, Biting-fly Symposium

Invited to Attend:

Haufe.W. Veterinary-Medical Entomology 
Section, C D A  Lethbridge

153



IN T RO D U C T IO N

P. S. Cut bet 
University of Waterloo

"The purpose of 'lus exercise is to take advantage 
of the fact that we arc all here, we arc all interested in 
the same kinds of problems, and we have just heard 
three days of deliberation on the subject. While these 
arc still fresh in our minds, it seems useful to try to 
crystallize some of our ideas in statements that we 
can support, and particularly for the Committee on 

Entomological Research to the Defence Research 
Board and the Canada Department of Agriculture. We 
hope that the resolutions that come out of these 
meetings can help decision-makers and therefore, 
indirectly ourselves as practitioners of Biting-fly 
Research. We hope that these resolutions will not he 
allowed to restrict the scope for new ideas or restrict 
any support for other areas that may emerge in the 
future. In brief, we hope they will not be regarded as 
comprehensive or restrictive.

It follows from this, we hope, that any one 
statement that can receive majority support by a 
group of this composition is better than no such 
statement. Thus, I do not think we are interested at 
all in the narrow passage of a controversial resolution; 
we are interested in something that virtually all of us 
can support. I think that for such an exercise to be 
successful, where all hold such varying views, we must 
practice the art of compromise, on the grounds that 
the more general you make a resolution,>the more 
people can agree with it, but the less use it is. I 
suggest that wc may find it helpful to guide ourselves 
in this excicisc by giving prior consideration to the 
needs of Biting-fly Research in Canada, regardless of 
our own individual situation or interest, and by giving 
greater attention in the resolutions to their intent 
than to the details of working, unless we consider the 
existing wording is misleading or incorrect. Л pos
sibility that we might keep in mind is that the 
Resolutions Committee would be empowered to 
make minor modifications of style or rectitude in the 
wording if the group agreed to this.”

Hollowing the discussion of each resolution and 
the incorporation of amendments, a motion to accept 
the resolutions was passed nemo contra with 78 in 
favour, none against and 5 abstentions.

Resolution Number One

W H EREA S mosquitoes, blackflies, and deerflies 
and other biling-llies have a substantial socio
economic impact on:

-  the health and welfare of man and domestic 
animals

-  military efficiency
-  industrial and agricultural production
-  the management of resources
-  the future of northern and wilderness regions

A N D  W H EREA S  insufficient socio-economic 
information is available, and a sound strategy' fur 
biting-fly control with distinct criteria for the assess
ment of success does not exist

BE IT  R E SO LV E D  TH AT  planning in science and 
technology Ire directed to:

1. A definition of the problem and criteria for 
control;

2. The development of strategics for biting-fly 
control and research, emphasizing systems 
analyses and socio-economic assessments.

Resolution Number Two

W H EREAS at present synthetic chemical pesti
cides will continue to play a major role in the 
repression of biting-Пу populations

A N D  W H ER EA S  there is a vital need to reduce the 
amount o f such pesticides applied to the environment
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A N D  W H EREA S  research and development of 
alternative methods to synthetic chemical pesticides 
have progressed and much has been done to advance 
the technologies of biological, autocidal, genetic and 
mechanical methods of control

A N D  W H EREA S the demonstration of a success in 
the use of alternative methods will do much to 
generate additional suppori

BE IT  R E S O L V E D  THAT priorities be identified 
and increased resources be devoted to:

-  the development, formulation and application 
of ecologically acceptable chemical control 
agents

-  the monitoring of side effects d the assess
ment of efficiency

-  the development of control methods that offer 
alternatives to pesticides, particularly those 
which hold the greatest promise of early applies* 
tion and adoption, e g., pathogenic organisms 
(especially metmithids); application of juvendc 
hormone analogues, genetic manipulation, and 
to monitoring and assessment of these methods

-  the development of integrated pest management 
programmes

-  the improvement of techniques for in-vivo or 
in-vitro propagation

Resolution Number Three

W H EREA S the effectiveness of all control opera
tions depends on their suitability for the species and 
stage of that species against which they arc directed

A N D  W H EREA S  bjting-Пу populations arc in
fluenced by populations of the host and other species 
with which biting-flies interact

1311 IT R E SO L V E D  TH AT  resources be directed 
towards a mission-oriented basic ecological study of 
biting-flies consisting of the contributory studies of:

-  basic biology \
-  spéciation and variability
-  distribution in time and space
-  detailed life cycles
-  relationships with other organisms
-  behaviour
-  physiology

Resolution Number Four

W H EREA S in many regions and situations area 
control of biting-flies may remain inadequate or 
unfeasible

HE IT  R E S O L V E D  THAT immediate attention be 
given to improvements of methods of personal 
protection such as repellents, piotcctivc clothing, 
tents and othci shelter, and a psychological approach 
to the problems of over-reaction to biting-flics and to 
the promotion of a more tolerant attitude towards 
them.

Resolution Number Five

W H EREA S the layman's understanding of the 
biting-fly problem is inadequate

BE IT R E S O L V E D  TH AT increased effort be 
given to the improvement of the quality and quantity 
of communication and publicity between the scientist 
and the media, the public and governments, in order 
to:

-  ensure that the complexity of the problems of 
controlling biting-flics is understood

-  prevent the results of research and development 
on biting-fly control from being presented in a 
misleading or erroneous way

-  ensure that all educational levels arc kept 
informed of biting-fly problems and progress

-  increase the understanding of the representatives 
of other scientific disciplines, particularly 
relevant physical scientists, of (he problems in 
biting-fly control.

End of Resolutions
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