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FOREWORD

Since 1970 the former division of Vector Biclogy and Control, now in-
corporated into the Control of Tropical Diseases Division of the World
Health Organization, has prepared, with collaborators outside the organiza-
tion, a number of papers on vecior biclogy and conirol. The Technical Re-
poit Scrics, Ecology and Control of Vector in Public Health (1975)
recommended that such documents — general reviews of the ecolegy and
control of individual vector groups - be continued and reviewed from time
to time to provide workers with curreni practical information on the par-
ticular subject,

With the greater demand for this material for use ag training and 1nfor-
mation guides by differeni categories of personnel, particularly in the
developing countries, it was decided to develop scparate series of these
documents: an advanced series for Master of Science, students in medical
entomology and professional staff, and a middle-level series for less
specialized workers in the community.

These advanced series cover the relevant subjects in more detail and at a
higher technical level, than the intermediate series. It is believed that this
type of information will assist vector control specialists in acquiring the
knowledge required for their daily work.

In order to improve the value and vscfulness of this guide, evaluation
forms are zitached and users are requested to serd the compteted forms to
the WHO Training Unit, Control of Tropical Diseases Division in Geneva
so that their comments may be taken into consideration when the guide is
wevised.
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CORRIGENDUM

The following errors need to be corrected as indicated:

- page 7: Right-hand eolumn, 2nd paragraph, "But still, there is
avidengce that flies dJdo play an impoertant role ..." sheould be
replaced by "But still, there is evidence that flies can
play an important rele ...".

- page 10: Right-hand column, lst paragraph, first sentence, delets
"(pupal stage)".

- page 14: Right=-hand column, 2nd paragraph, last sentence, "But the
flies who feed on meat are blowflies or fleshflises"™ should
be replaced by "But the flies who feed on meat are blowflias
or fleshflies although houseflies may be attracted to the
moisture of meat”.

- page 20: Left-hand g¢olumn, 5th paragraph, ".., they either destroy an
element in the insect body £fluid, ..." should be replaced by
" they either have a toxic effect in the insect body,

- page 27: Right-hand column, 4th paragraph, “"Fumigation: Convenient
and cheap ..." should be replaced by "Fumigation:
Conwvenient, but toxic ...".

- page 30: Right-hand ¢olumn, 3rd paragraph, second line, "bacillus
thuringiensis"™ should be replaced by "Bacillus
thuringiensis™.

- page 33: Right-hand geolumn, last paragraph, ",.. can devalep mazsh
gas which ¢an be used for <oeking, ..."™ should be replaced
by "... can develop marsh gas (bio=-gas) which can be used

for cooking .

- page 353: Left-hand c¢olumn, &nd of section 4. Fly breeding in s0il
impregnated with organic matter, add "- separation of
household waste in containers for food waste which may be
composted, and other waste (paper, plastic¢, glass, metal),
iz a geood system that is being introduced in many
communities "
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PARTI

THE HOUSEFLY

Who hasn’t experienced the nuisance of flies ? You are quietly sitting at
your desk, studying, and then, bzzz... bzzz... bzzz... the flies explore your
book, run along your arm, “sit” on your forehead... Are you sharing a meal
with friends ? They will surely join the party ! Or perhaps you would like to
take a nap ? Nothing doing ! There they are, buzzing around, pestering you.
And how awful to see swarms of flies on the eyes of babies or harassing
sickly old persons!

The importance of the nuisance created by the presence of flies in great
numbers should not be underestimated. In poor communities, the crowds of
flies add to the burden of daily life, they soil the houses and discourage
people from keeping good standards of cleanliness, In bams, by annoying
the cows, flies may reduce the milk yield. They also affect the tourist trade
and add to economic problems,

But much worse yet: flies can cause real harm to health. For 2 long time,
nobody realized they were directly involved in transmitting disease. It is
only at the turn of the century that public health people started to establish a
link between flies and certain diseases. They observed, for instance, that
there were more cases of enteric infections, dysentery, infantile diarrhoea,
typhoid, etc. in places where there were lots of flies. Was it a coincidence ?
Or were flies really involved ? And how were they involved ?

This was the beginning of an exciting search to establish charges against
the calprit. Not only in villages and cities, but in laboratories as well, From
Nairobi to Kansas City, from Kuala Lumpur to Copenhagen, public health
workers and researchers observed, noted, experimented, put their knowl-
edge together and started writing what is still an unfinished story : man’s
fight to control flies.
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1. A THREAT TO PUBLIC HEALTH

If you look up the dictionary, you will find that the
word “fly"” is used for all kinds of “two-winged
insects ", including many that are not “true” flies, like
butterflies or mayflies, for example.

Can you puess how many species’ of “true” flies
there are ? Between 60 and 85 thousand : incredibie,
isn't it ! This booklet, thank goodness, will only deal
with one species: the housefly. Actually, without other
qualifications, “fly” popularly indicates the housefly or
closely related flies like the bazaar fly, the bushfly, the
stablefly, Blowflies and fleshflies are sorts of cousins.
You will find details about these and other flies in
Annex I,

Lct us have a closer look at the common housefly,
Musca domestica®. It occurs in all contiments, from tropi-
cal to temperate climates, but it is primarily adapted to

warm surroundings. It has followed man and been a
nuisance to people all over the world for centuries. It is
dependent on human settlements and activities, includ-
ing the keeping of domestic animals. It breeds in
buman waste and the manure of animals, it feeds on
man’s food and garbage, and it uses buildings for
ghelter,

The adult housefly is 7-9 mm long; it has a greyish
thorax with four black stripes, and a grey-brown
abdomen’ with or without orange areas. Male flies have
bigger eyes and these are closer together than in the
case of females.

The housefly may vary in colour and eye size
according to the climate or to the region in which it
lives. Its general appearance and characteristics are
shown in Fig. I.

FIG. 1. THE COMMON HOUSEFLY “MUSCA DOMESTICA™
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The figure (A) represents a female: note the four dark stripes on
the thorax; (B) head of male housefly; the eyes are bigger and
closer together than those of females; (C) the profile, showing the
proboscis, which is a sucking mouth. This is a soft and cxtensible

tube with tiny teeth at the end.

! The speciey 1% the smallest unit of classification commonly

used, i.c. a group whose members have the greatest rautual
resemblance,
When the members reproduce sexually as in the case of multi-
cellular species, the members of the group are able to inter-
breed (if not separated in space or time), bt they cannot breed
with arganisms of other groups (species).

* Musca domestica is the Latin name of the housefly. Musca is
the name of the genus and domestica identifics the species
within this genus.

As you can see, flies have hair on their body and
legs: at the bottom of their feet they have little sticky
pads which enable them to hang on ceilings and walls.
These pads are also equipped with tiny taste organs and
are used by flies to identify appropriate food.

! The bodies of flies and other insects are divided into three
parts: head, thorax and abdomen. The thorax carries the legs
and wings. The abdomen contains the intestines and the sex
organs, including cggs in mature females.




A THREAT TO PURLIC HEALTH

With all these hairs and these sticking and sacking
devices, no wonder that flies pick up germs' when they
rest on human or animal excrements, on dirty waste
from the kitchen or the market, or on other filthy mat-
ter. Then, when they come in contact with food or uten-
silg, they deposit these perms (Fig, 24), In other words,
flies are carriers. Just like a bus carries people, they
carry germs — free of charge, mind you! They carry
the germs outside on their mouth parts, their body hair
and the sticky pads on their feet; they carry them inside
as well, in their intestinal tract. Germs outside often
survive only for a few hours, especially if exposed to
the sun, but those inside the fly can live for several days
and be transmitted when the fly eats or defecates
{excretes), which it does every few minutes.

What germs do flies pick up and transmit 7 What
dizeases do they cause ? Do you know ?

Most people don’t know or are very vague about the
diseases which flies transmit. Suppose you find out
how much you know by filling in the following check
list 7 It’s more fun than learning a list by heart... Put
your matks in pencil, then turn to page 57 to see¢ if you
are right. If you have five correct answers, it’s not bad,
If you have 10, you can be proud.

Now, you will ask, what proof do we have that flies
can really be charged with transmitting these various
diseases 7 Aren't there other causes ? This is a good
question indeed. In fact, flies are rarely the most impor-
tant way of transmission of disease. In each situation the
question is: how important a factor are flies for spread-
ing infections as compared to other ways of transmis-
gion, e.g. directly by food, water, air or dirty fingers and
other direct contact from person to person?

But still, there is evidence that flies do play an im-
portant role in the mechanical transmission of disease.
This happens: o
(1) in places with a low standard of hygiene and sanita-

tion,

(2) where you have a lot of flies around, and

(3) where excrements and other infected materials as
well as food are exposed to flies.

When you have this combination of factors, then
you can be sure flies will help to ransmit diseases. The
best proof we have of the role of flies comes from com-
munities where effective fly control® has resulted in a
clear reduction of enteric and eye infections (Fig. 2B).
The most obvious examples concern diarrhoeal dis-
eases those terrible killers of small babies. Here we
have evidence that the criminal i3 the fly,

How important are flies in transmitting disease ?

Disease
important

less important other causes

Cholera

Conjunctiviti

Diarrhoeal disease

Poliomyelitis

Malana

Cutaneous diphteria

Infantile diarshoea

Yaws

Leprogy

Filariasis

Plague

Trachoma

Yellow fever

Germs i% & word commonly used to designate micro-organisms
such az virus, bacteria, protozoz and fungi, a great number of
wich cause digeage,

* The control of insects (or other undesirable animals) implies

the restriction of the local number (or occurrence) of insects to
a level at which they are not harmful to man.
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FIG. 2. ROLE OF FLIES IN DISEASE TRANSMISSION
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If flies as shown in (A) have access to latrines, garbage and food, they can carry germs”Y that may
cause infecrions of the bowels and stomach, In other situations, flies can also play an important role in
eye infections (B).




LIFEHISTORY

2. THE FLY: A BIOGRAPHICAL SKETCH

The preceding chapter provided us with good reasons to want to get rid of flies. This is easier
said than done.

Have you heard about a Chinese general who lived some 2,500 years ago, and who was famed
for winning all the battles he fought ? How did he do it 7 His strategy was simple enough: “Know
your enemy, he said, try to think like your enemy. Then, for each battle, victory will be your re-
ward!” This was clever advice. But it meant getting a lot of reliable information on the wétjr of
life of the enemy and his tactics.

The same applies to our enemy, the fly. Before we can hope to win our battles, we need to know
many things. How do flies grow and live ? Where do they breed 7 On what do they feed 7 Where
do they like 1o rest 7 What are the things that attract them 7 Do they fly long distances ? :

In this chapter we will deal with:
— the life history of the fly;
— breeding sources;
— seasonal fluctuations in the number of flies and how they survive the winter; and
— their habits and way of life. '

2.1 Life history FIG. 3. LIFE CYCLE OF THE HOUSEF:LY

Did you know that most flies in nature live only
three te six days ? i we start from the moment the egg
i3 laid, then their life cycle’ is three times a3 long, as it
takes from 6 to 12 days for the egg to develop into an
adult fly. During this period, there are many dangers
that threaten the fly-to-be : if the environment is not
humid enough or if it is too hot or too cold, the eggs
will not develop. There are also various insects or birds
that feed on fly eggs and larvae. Even if the mortality
rate is high, this is no threat to the fly as females lay on
average between 100 and 200 eggs in her life-time.

During its short life cyele, the fly goes through sev-
eral very different stages. Who would guess — or even
believe ! — that the whitish “ worms"” squirming in the :
dung are baby flies ? Actually, they are larvae or mag- L
gots. And they will still undergoe another transfor- o
mation, changing into brownish pupae before : /
becoming real flies. Nature certainly makes '
wonders, turning a shapeless white lump into a ‘ :
dark, fluttering insect equipped with more instruments '\ / -
than an aeroplane ! And all this happens in a week or ;i:_—_::) ¥
50, as shown in Fig.3.

B-18 wouth

3-8 days

The drawing shows the various stages of development
of the fly: the eggs, the three larval stages, the pupa

' The terms life cycle and life history tofer to the stages of devel- i ime indi-
opment through wich an organism passes between fertilization and the adult fiy. The two different lengths of time m‘il.,
of the egg of one generation and the same stage in the sub- cated for each stage correspond to tempemmres af 35

sequent generation, including the duration of these stages. and 25° C respectively.
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The rate of development of eggs, larvae and pupae
is strongly influenced by temperature. The shortest
development from egg to adult, 6-8 days, is found at
35°C; development stops at 12-13° C, and at 45° C
egps, larvae or pupae are killed. The shortest total life
cycle is 8-10 days.

The egps

Clusters of eggs are laid in moist, decaying organic
matter. The eggs are white, banana shaped, about 1 mm
long. They require a high degree of Aumidity’ to be
able 1o survive.

The time needed for development varies with tem-
perature, the minimum being 6-8 hours at 35° C.

The iarvae

From the Tmm egg, a larva hatches and develops
into a fullgrown larva of 12-13 mm in length, During
this process it goes through three different stages and
sheds off its skin twice, before transforming into the
second and third stages. This is called moulting. The
larvae are smooth, legless, translucent or whitish mag-
gots. The fore-end becomes progressively smaller
while the hind-cnd is rounded, with two dark plates.
When viewed with 4 hand lens these plates look like
eyes, but they are external openings called spiracles,
with slits for the fine air-tubes which provide the body
with oxygen,

The larvae also prefer a temperature of 35° C,
require high humidity and strongly avoid light. They
feed on bacteriz or yeasts and their decomposition pro-
ducts. When they are fully grown, the larvae stop feed-
ing and their reactions change: they prefer a lower
temperature, 15-20° C, and less humidity, but they still
avoid light. As they are very active, the result is that
they migrate to cooler and drier piaces. e.g. to the sur-
face or the sides of heaps of dung or garbage, or into
the surrounding soil. There, pupation takes place, often
in aggregations of hundreds or thousands, as many flies
lay eggs in the same surroundings.

Three factors influence the time required for the
development of the larvae, from hatching of the egg to
pupation: nutrition, moisture and temperature. The mini-
mum is 3-3 1/2 days under the most favourable
conditions. As regards temperature, larvae do not tole-
rate an environment above 45° C for long periods. This
means that in large heaps of duny, garbage or other rot-
ting media, where fermentation results in very high tem-
peratutes, the maggots can only develop in a narrow
ourer zone of 10-15 cm. This is an important point to
keep in mind in efforts to eliminate flies.

The pupae

When the larva is ready for pupation, its skin
contracts and it forms a sort of barrel called a
puparium® (pupal stage). This is soft and white or
yellow for the first one to two hours. Then it gradually
changes to light brown and dark brown, almost black,
within the first 24 hours. Meanwhile the cuticle’ starts
to harden.

The duration of the pupal stage, until the fly
emerges, depends again on humidity and particularly
on temperature. This stage is roughly the same length
as the larval development with a minimum of 3-4 days
at 35-40° C. The pupae tolerate lower humidities than
the larvae, but temperatures above 45° C are also dead-
ly for them.

The aduit fly

Emerging. When the adult fly emerges from the
pupae stage, it is soft and unable to fly. It moves stowly
to the surface and looks for a suitable place to rest —
preferably in the dark — while the wings stretch and the
cuticle continues to harden. It may take several hours
before the fly can start to use its wings, Locating these
resting places is important for the control of flies.

Muating. Already on the second day, if the temper-
ature is favourable, e.g. 30° C, mating may take place.
Visual attraction seems most important for the mating
but smell is also involved and both males and females
produce a chemical substance, called pheromeone’,
which has an attracting power.

Laying eggs. In warm climates (35° C), the first
batch of eggs is laid on the second or third day, but at a
temperature of 15° C the female must be about nine
days’ old before she can lay her first eggs. As a rule,
egg-laying does not take place below 15° C. After two
or more days, the female may lay a second baich of
eggs. Normally there are about 120 eggs per batch,

U Humidity vefers to the content or water vapour in the air, meas-
ured as per cent of the content of saturated air (100% RH).

* The puparium is a barrel-shaped case formed by the contracted
and hardened skin of the third larval stage, inside which the
pupa develops.

3} The ewticle is a layer without living cells, that covers the sur-
face of animals (and plants). It may be hard and forms an outer
skeleton as in insects, or soft as in fly larvae. The cuticle is
waterproof but can be penetrated by organic solvents and
insecticides,

4 A pherpmone is a chemical substance which is produced by an
animal ; it serves as a means of communication and affects the
behaviour of other individuals of the same species. The phero-
mone produced by the fly is called muscalure.

- 10 -




BREEDING SOURCES

Length of life. Under natural conditions, most flies
die before they are one week old. It means that very
few female flies will lay two or three batches of egps.
In temperate climates, many female flies die before
they have a chance to lay eggs.

Number of fly generations. The number of genera-
tions per year may vary from about 30 under tropical
conditions to about 10 or less in temperate ¢climates,
Assuming that each female will lay 100-200 eggs, the
theoretical capacity of increase is enormous, and when
new optimum breeding opportunities are created, by a
heap of dung’ for example, sudden outbursts of fly in-
festation may occur. Up to 5-10,000 flies can be pro-
duced per kg or litre of optimum breeding substrate.
However, the increase is strongly reduced by natural
mortality factors as we will see later.

2.2 Breeding sources

Where do houseflies breed ? They are quite choosy
in their own way : they only want decayed, fermenting
or rotting organic matter. They don’t mind whether it is
of animal or vegetable origin. They rarely infest meat
or carmion; they leave that to blowflies and fleshflies.

Strangely enough, houseflies do not breed in human
excrement, with a few exceptions, i.e. in open latrines
in some warm areas. If the content of the latrine is
liquid, only certain blowflies (and mosquitos) may
breed. On the other hand, human excrement contains
many germs which flies can iransmit.

! The excrements of animals, when accumulated in heaps, are
referred to as dung,

Dung

Accumulations of animal excrements constitute a
most important and probably the original source of
housefly breeding (Fig. 4). Isolated droppings are of
little importance for the housefly while they are the pri-
mary source of breeding for the bazaarfly. -

Houseflies may breed in accumulations of dung of
most domestic animals and birds, provided it has the
right moisture (not too wet), texture (not too solid) and
temperature. Suitability for fly breeding varies consider-
ably according to which animal produced the dung.
Where available, pig dung seems to be the preferred
and most productive type of dung; horse dung is also
an excellent fly breeding source, but only for a shont
tirne doe to its rapid composting® Process.

Fly breeding in accumnlations of poultry excrement
has become a great problem in modern egg and chicken
industry. Dung of calves is an excellent breeding
source, and cow dung can be very important when not
too wet. Other kinds of dung that may play a role for
fly breeding locally include excrements from-donkey,
rabbit, goat, sheep, buffalo, and camel. .

Dung is only suitable for fly breeding in the first
few days to 2 week after it has been deposited, As a
rule houseflies do not breed much in composted dung.

t Composting refers to the decomposition (breakdown) of gar-
bage, dung, and other organic matter by micro-organisms such
as bacteria, yeasts and fungi. Composting takes place in the
presencs of oxygen (acrobic) or without oxygen (anacrobic or
fermentation),

A AT FIG. 4. DUNG: A MAJOR SOURCE OF FLY BREEDING
- Dung of domestic animals is an important source of fly :ér:reeding:
{A) cow, (B) horse, (C) pig, and (D) poultry in battery cages.
f *
T T R T T
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Garbage and wastes from food processing

Garbage is a word that covers two kinds of wastes:
the wastes resulting from the preparation, cooking and
serving of food at home and in public places, on the
one hand; and the wastes that come from the handling,
storage and sale of food at the market, on the other
hand.

Garbage is a very important source of fly breeding
{Fig.3). In urban areas, it is the main source for both
houseflies and other flies, particularly blowiflies. It in-
cludes individual household garbage, refuse at restau-
rants, food shops and markets, as well as garbage
dumps and soil mixed with garbage.

FIG. 5. GARBAGE AND SEWAGE: OTHER
IMFORTANT SOURCES OF FLY BREEDING

Garbage an sites
(A), sewage from
slaughterhouses
or food industry,
etc. (B) and gar-
bage dumps (C)
represent major

sources of fly
breeding.
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Industry also produces wastes which can be an im-
portant source of housefly breeding. This is the case for
various wastes from food processing and industry in
connection with canning of vegetables and fruit, brew-
eries and distilleries, sugar plants, etc.

Processing of fish and meat, as well as treatment of
vegetables, often give rise to serious fly problems.
Although blowflies usually dominate where animal
protein’ is the source, houseflies sometimes breed in
great numbers in such medium: for instance, in seil
heavily contaminated with blood, fish or slaughter
offal.

In agriculture, waste from growing fruit or veg-
etables, e.g. discarded tomatoes or melons, may be a
breeding source for many housefiies.

Organic manure other than dung

In some areas, where fields are heavily manured
with organic matter, houseflies may breed in great num-
bers in the fields, particularly if the manure is applied
in lumps. Besides dung, such manure may include ex-
crements, garbage, fish-meal, blood- and bone-meal,
oil-seed cakes, prawn dust, etc.

Sewage

This word is used to refer to refuse liquids and
waste matter carried off in pipes or canals that are
usually buried underground. Unfortunately, this is not
always the case and houseflies may breed in the sewage
sludge and solid orpanic waste found in open sewage
drains, in cesspools (underground reservoirs for house-
hold sewage), in seepage pils where the sewage passes
through porous soil or material (i.e. “seeps ™ through),
etc., or in sewage beds. Moreover, flies can breed in
soil wetted by dishwater from households where a
sewage system is lacking.

Accumaulation of plant material

Piles of decaying prass clippings or garden compost
heaps have been found as important sources of house-
flies in some urban and suburban areas. In rural areas,
flics may breed in heaps of other rotting vegetable mat-
ter. Heaps of seagrass or seaweed on beaches may
breed the biting stablefly, and certain other flies, but
rarely houseflies.

! Proteins are complex organic compounds containing nitrogen.
All living cells contain protein and animal muscle and organy
congist mainly of protein,
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