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Aspects of Black-fly Control and Entomology in the
New World in Relation to the Simulium Problem

in Nigeria *
R. W. CROSSKEY, M. Sc.>

A general account is given of insecticidal control of black-flies in North and Central
America, and the problems are contrasted with those arising in the control of Simulium
damnosum Theo. in Nigeria. Some recent biological observations on Canadian black-flies
are described, and it is emphasized that these have materially contributed to successful
control. It is pointed out that S. damnosum control is being practised in the absence of
much fundamental biological knowledge of this pest. Entomological aspects of onchocer-
ciasis in Mexico and Guatemala are discussed, and compared with S. damnosum and its
relationship to onchocerciasis in Nigeria.

In the first section of this paper some account is
given of Simulium control in the New World, and
this is related to the problem of the control of
Simulium damnosum Theo. in Northern Nigeria.
A second section briefly considers the biological
studies which have contributed to successful control,
and the third section compares the Simulium and
onchocerciasis problems existing in Mexico, Guate-
mala, and Venezuela with those in Nigeria.

SIMULIUM CONTROL IN THE AMERICAS

Active Simulium control programmes exist in
Canada, the USA, and Mexico, but no control is at
present being carried out in Guatemala or Vene-
zuela. None of the existing projects aims at total
Simulium eradication, but all aim at reducing the
black-fly population to a tolerable level, either to
avoid the mass biting nuisance (Canada and USA),
or to assist in breaking the transmission of oncho-
cerciasis (Mexico).
The principal black-fly control projects are:

(1) in the Baie Comeau area of Quebec Province on
the north shore of the St. Lawrence estuary

* The work on which this article is based was carried out
during the author's tenure of a WHO Fellowship.

1 Entomologist, Commonwealth Institute of Entomology,
London, England; lately Entomologist, Ministry of Health,
Northern Nigeria

(Canada); (2) on the Saskatchewan Rivers of the
prairies (Canada); (3) in the Adirondack Mountains
of New York State (USA); and (4) in the States of
Oaxaca and Chiapas (Mexico). A few minor control
areas exist elsewhere, for instance, on the Souris
River in southern Manitoba and on certain rivers on
the Canadian shield in northern Saskatchewan
Province.
The control project on the North and South

Saskatchewan Rivers is directed against the zoo-
philic species, Simulium arcticum Malloch, which is
responsible for considerable livestock losses from
its mass biting, but the other control operations are
undertaken for the protection of man from the
appalling mass biting of anthropophilic species or
from onchocerciasis infection.

In all the above areas control is effected by means
of larvicides applied to the breeding rivers and
streams, although supplementary sprayings against
adult black-flies have been employed (e.g., in the
Adirondacks). In Baie Comeau and the Adirondacks
larviciding is carried out principally by aerial
spraying, but in Saskatchewan ground application
is done by dosing the rivers from bridges or ferries.
In Mexico streams are dosed by hand, and no aerial
spraying has as yet been attempted. DDT in fuel
oil is used as a larvicide in Canada and in the
Adirondacks, but dieldrin has recently superseded
DDT in the Mexican control areas.
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Baie Comeau and Adirondack Mountain control
areas

The Baie Comeau and Adirondack Mountain
black-fly problems are essentially very similar.
Both require the control of the two important
man-biting species, Prosimulium hirtipes (Fries) and
Simulium venustum Say,' which breed in numerous
small streams in heavily wooded, hilly or slightly
mountainous terrain. In the former area control is
designed for the protection of workers in the pulp-
wood-cutting areas, and in the Adirondacks control
is aimed at extending the tourist season in the resort
areas where the black-fly incidence formerly stopped
the tourist trade between May and mid-July.
The multiplicity of streams, the difficult terrain

and dense underbrush, together with lack of roads
and trails, have rendered larviciding from the ground
almost impossible in both the Baie Comeau and
the Adirondack areas, and have forced the adoption
of air-spraying techniques the aim of which is to
lay down sufficient coverage of insecticide (approxi-
mately 0.1 pound of DDT per acre or 0.1 g per m2)
to destroy the larval black-flies before maturation
can occur. The different biologies of the two
scourge species make one annual spraying inade-
quate and in the Adirondacks there is normally an
early spraying after the thaw (about late April)
against P. hirtipes, which overwinters in the larval
state and emerges first in the spring, and one or two
later sprayings (in mid-May to early June) against
S. venustum, which overwinters in the egg stage and
emerges later than P. hirtipes. The sprayings suffice
to hold down the adult black-fly population to an
innocuous level until mid-July, which represents the
end of the black-fly season. At Baie Comeau one
spraying only is done, at an intermediate time so as
to ccntrol both species so far as possible in a single
operation.
At Baie Comeau spraying has mostly been carried

out with land-based aircraft, but in the Adirondacks
(where lakes are extremely numerous) the use of
lake-based aircraft has proved very effective, since
the larvicide is then dispensed from the aircraft's
pontoons. In this way aircraft can be readily con-
verted from everyday use into spray-planes, an
important point when free-lance pilots are normally
engaged with their machines on contract for the
spraying programmes. In the Adirondacks the

1 Recent ecological and taxonomic work suggests that
these species are probably complexes of two or three closely
related species, but this may not affect the practical control
problem (see Syme & Davies, 1958).

authorities of each township interested in a spray
programme contract with local pilots, and the insec-
ticide is supplied either by the township or by the
pilots themselves. Fixed-wing aircraft have been
found in both areas to be less costly and more
effective than helicopters, but nevertheless there are
one or two drawbacks to aircraft spraying-firstly
its comparatively high cost; and secondly the partial
failure of early summer sprayings, which may lose
effect through the development of heavy foliage
at this time. These disadvantages have been over-
come to some extent in the Adirondacks by the use
of DDT-impregnated plaster-of-Paris blocks which
can bring about very effective control of black-fly
larvae if judiciously placed in the streams; but the
enormous difficulty of reaching all the streams at a
sufficient number of places from the ground limits
their usefulness. However, some of the smaller, less
affluent, townships in the Adirondacks, which are
unable to incur the expense of an air-spray pro-
gramme, obtain some measure of local annual
control by the use of DDT blocks.
The requirements for black-fly control are clearly

very different in these areas and in Northern Nigeria,
where S. damnosumn is a large-river species generally
absent from small tributaries, and where the breeding
places are normally reasonably accessible from the
ground. Furthermore S. damnosum breeding can
usually (i.e., in perenially-flowing rivers) be attacked
at any time of the year, although those areas in
Africa where S. damnosum survives total drying out
of its breeding grounds show some analogy with the
North American areas where black-flies survive the
icing-over of their watercourses for several months
of the year. Certain difficulties in control show
resemblances: for instance, in Canada and New
York State beaver dams sometimes obstruct the flow
of the streams and cause heavy loss of insecticide,
and likewise in Nigeria fishermen's dams often
block the rivers so that (as with beaver dams) no
control is achieved below the obstructions (Crosskey,
1958). But Nigeria, being devoid of lakes, has not
the problem commonly encountered in Canada,
where treated streams often discharge into lakes and
no black-fly control is obtained below the lake
outfall. Aerial control of S. damnosum is not in
general required in Nigeria and would in any case
be economically impossible at present, but there is
probably a field for the use of insecticide-impreg-
nated blocks in certain circumstances (e.g., in the
dry season, when a river may trickle in one part of
its length but dry completely in another).
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Saskatchewan Rivers control area

The control of S. arcticum on the North and South
Saskatchewan Rivers near Saskatoon presents pro-
blems akin to those encountered in S. damnosum
control; S. arcticum is a large-river species and its
successful control has demanded effective means of
dosing rivers which flow at very considerable
volumes. The South Saskatchewan flows normally
near Saskatoon at 20 000-60 000 cubic feet per
second (about 570-1700 m3/s) and flows up to
120 000 cusecs (about 3400 m3/s) have been recorded.
This river is usually flowing between 20000 and
40 000 cusecs (about 570-1100 m3/s) when the annual
spring larviciding is carried out. Such flows or
greater may require to be dosed in West Africa should
S.damnosum control extend to the very large infested
rivers such as the Niger (between Yelwa and Jebba in
Nigeria) or the Volta. Two circumstances greatly
assist the Saskatchewan control work firstly, the
Saskatchewan Rivers flow evenly for very long
distances across the prairie without receiving tri-
butaries, thereby making the calculation of flow a
comparatively simple matter; and secondly, bridges
or ferries are numerous across the Saskatchewan
Rivers and provide sites from which larvicidal
applications can readily be made. These features are
not normally found on the large S. damnosum-
infested rivers in Africa, which commonly break into
a number of channels and receive an abundance of
tributaries (themselves frequently infested if they
are fairly large), and often have no bridges or ferries
from which applications can be undertaken. The
practical difficulty of dosing a very large, turbulent
river several hundred feet across, such as exist in
parts of Nigeria, does not arise in the Saskatchewan
control project, where the larvicide can be run into
the rivers from drums carried on ferries or suppcrted
on bridges.
The Saskatchewan Rivers have very well defined

banks and the flow is not interrupted by vegetation-
choked stretches or constricted by falls; the beds
are mostly sandy and the short stretches of stony
rapids in which S. arcticum breeds produce only
minor riffling of the surface with little break-
through of exposed rocks. The evenness of flow
may explain the effectiveness of a low dosage of
DDT over a long distance. The Saskatchewan
control is by means of DDT in fuel oil applied at a
dosage of 0.2-0.3 p.p.m. for 15 minutes (approxi-
mately); this is adequate for destroying the S. arcti-
cum larvae for many miles and for holding down
the adult black-fly population to a negligible level.

However, it may be noticed that the dosage has
been increased from the 1 part per 10 million
originally used (Arnason et al., 1949; Fredeen,
Arnason, Berck & Rempel, 1953). A dosage of
0.2-0.3 p.p.m. for 15 minutes would probably not
be adequate to control S. damnosum in the different
conditions of African rivers. The standard dosage
employed in Nigeria at the present time is 0.5 p.p.m.
for 30 minutes.
The application time in the Saskatchewan control

work, as elsewhere in Canada, is not determined
with any precision, since (as the Saskatoon work
has shown) there is rapid stretching out of the toxic
length of river, which doubles itself some two miles
below an application point. The methods employed
for ground larviciding are also very simple, and the
larvicide is normally either run into the rivers or
streams from drums or poured in by hand from
some suitable container. The type of constant-
delivery apparatus developed by Hocking for com-
parison of the effectiveness of various compounds
is not used in Canada for routine control work.
The present author's views accord with those of the
Canadian workers namely, that elaborate dispens-
ing equipment and absolute exactitude in dosing
time have little value in practical larviciding.

Mexican control areas
Control of the Mexican vectors of onchocerciasis,

Simulium ochraceum Walker, S. metallicum Bellardi,
and S. callidum (Dyar and Shannon), is at present
being carried out in the two onchocerciasis zones in
the States of Oaxaca and Chiapas. Control is by
means of ground larviciding of all accessible streams
with 0.25 p.p.m. of dieldrin applied over 30 minutes
and calculated as 0.25 mg of dieldrin per litre of
stream-flow. Application is by tipping in by hand
or by running in from tins provided with taps.
The black-fly problem exists in Mexico (as also

in Guatemala) in exceedingly difficult terrain, on
heavily dissected mountains clothed with tropical
forest and watered by innumerable, swift, turbulent
rivulets and streams. Range after range of irregularly
folded, steep-sided, mountains with -ery uneven
valleys make penetration very difficult, especially
by road, and render aerial spraying impossible.
In any case, aerial spraying would probably prove
ineffective in this area since the dense forest canopy,
together with the overgrowth of herbage and dead
leaves which conceal the tiniest streams (in which
S. ochraceum principally breeds Dalmat, 1955)
would prevent most of the insecticide reaching

729



R. W. CROSSKEY

either the adult flies or the larval streams. Only
larviciding from the ground is, therefore, practicable
at present, but the inaccessible nature of the country
and the superabundance of streams militate heavily
against successful control. Only certain areas
within the onchocerciasis zones are at present being
controlled, and almost immediate reinfestation from
adjacent uncontrolled areas occurs. Each stream
in the control zones is treated once every twenty
days throughout the year (although the onchocer-
ciasis transmission season is believed to be limited
to the early dry season, principally Dccember and
January).
The Mexican control programmes undoubtedly

bring about a reduction in the black-fly population,
but frequent and continuous larvicidings are neces-
sary to maintain this reduction, and as soon as
insecticidal control is relinquished the black-
flies fully re-establish themselves. Even within the
three-weeks' period between larvicidings adult
flies may be found in numbers in the controlled
zones, although full larval clearance has apparently
been effected in each of the treated streams. These
flies are derived either from streams in the contiguous
uncontrolled areas or from very small watercourses
within the control zones which have been overlooked
(for in the very difficult conditions it is almost
impossible to guarantee that every stream in the
control zones can be located and dosed, or that
each of the known streams can be dosed in a sufficient
numter of places). It is found that the dosage in

use (0.25 p.p.m. dieldrin for 30 minutes) brings about
total larval elimination for a distance of only
600-800 metres below the application points. Total
mortality over such a short stretch means a very
large number of application points if control is to be
successful-for instance, four or five points are
required on a stream three kilometres long. Thus
enormous effort is required under Mexican condi-
tions for comparatively little return, and it is legiti-
mate to wonder whether the degree of control
achieved is economically worth while-whether in
fact it is really doing much to assist in breaking
the transmission of onchocerciasis.

Comparison of control in different areas

It is clear that each area where black-flies require
to be controlled presents different problems, and
that each may require different techniques if control
is to prove successful. It can seldom be assumed
that a successful control procedure employed in
area A will succeed in area B, although this may be
the case in areas which are geographically close
and present similar conditions, for example, in
Quebec and the Adirondacks. It is unlikely that a
low insecticide dosage which is effective against one
species will necessarily prove effective against
another living in a different environment. Hence
very different techniques are needed, for instance,
to control species with area-breeding distributions
(such as the stream-breeders P. hirtipes and S. venus-

TABLE I
COMPARISON OF FEATURES OF THE BLACK-FLY PROBLEM IN CERTAIN NEW WORLD

AREAS AND IN NIGERIA

Area T Principal method Insecticide used Dosage employed Larviciding period
of control Isciieueosgem yeand frequency

Bale Comeau (Canada) Aerial larviciding DDT in fuel oil Approx. 0.1 g DDT Late spring/early sum-
per m2 mer a

Saskatchewan (Canada) Ground larviciding DDT in fuel oil 0.2-0.3 p.p.m. for 15 mi- 1 spring, I early sum-
nutes mer dosing

Adirondacks (USA) Aerial larviciding DDT in fuel oil Approx. 0.1 g DDT Spring and early sum-
per m2 mer, 2 sprayings

Mexico Ground larviciding Dieldrin emulsion 0.25 p.p.m. for 30 minutes Every 20 days through-
out year

Nigeria Ground larviciding DDT emulsionb 0.5 p.p.m.for30 minutes Once a week for 12
weeks in late dry or
early wet season

a A compromise time in an attempt to control both Prosimulium hirtipes and Similium venustum in a single spraying
b DDT In fuel oil was previously used (see Crosskey, 1958)
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TABLE 2
COMPARISON OF BLACK-FLY CONTROL PROCEDURES IN CERTAIN NEW WORLD

AREAS AND IN NIGERIA

Area Species Object of control 1 Breeding habits Adult fly peak

Baie Comeau (Canada) P. hirtipes Prevention of mass bit- Overwinter as larvae or May to mid-July
S. venustum ing of man eggs

Saskatchewan (Canada) S. arcticum Prevention of mass bit- Overwinter as eggs May to July
ing of livestock

Adirondacks (USA) P. hirtipes Prevention of mass bit- Overwinter as larvae or May to mid-July
S. venustum ing of man eggs

Mexico S. ochraceum Control of onchocercia- Continuous throughout December-January,
S. metallicum sis the year high peak a
S. callidum

Nigeria S. damnosum Control of onchocercia- Continuous except in Middle of rainy season,
sis dry areas in far north July-September

a But flies present all the year

tum of Canada and the USA, and S. ochraceum of
Mexico and Guatemala), from those with linear-
breeding distributions in large rivers (such as
S. arcticum in Canada or S. damnosum in Nigeria).
To conclude this section, it may be useful to

summarize in tabular form the different control
problems and procedures in each of the territories
mentioned above for comparative purposes (Tables 1
&2).

BIOLOGICAL STUDIES IN CONNEXION WITH CONTROL

Extensive biological studies of black-flies have
been carried out in Canada, and these have very
materially contributed to the successful control
of these pests. The success of the Adirondack
control (Jamnback & Collins, 1955), which is now
practised as a routine, is also attributable to the
detailed entomological work carried out before
control was put into operation. Ecological studies
are continuing in Canada on the Prosimulium
hirtipes complex and general biological studies on
the black-flies of Ontario have recently begun
(Syme & Davies, 1958).

This is in contrast to Nigeria and other parts of
Africa, where control of S. damnosum has to some
extent gone on in the absence of any intensive
preliminary or concurrent biological study of this
insect. The North American work indicates that
control is likely to be more successful, and econo-
mically sound, if it is t ased on a reasonable working
knowledge of the behaviour of the black-flies

concerned; this point is perhaps not always fully
appreciated in some areas where the authorities
are understandably anxious to press ahead with
S. damnosum control in order to alleviate the
distress of onchocerciasis. But the enormous
lacunae in our knowledge of S. damnosum may be
the loopholes through which this insect could
evade control.

In reality very little is known of the biology of
S. damnosum. We have little or no information
on the adult resting-places or on the behaviour
of males; the mechanism of dry season survival
is still unproven, and even the length of larval life
is not known with any certainty and may vary from
place to place. It is likely, too, that the oviposition
sites may well be different in some circumstances
from the sites at which larvae are found.
On the last point some important work in the

Baie Comeau area of Canada has recently shown
that the black-flies mostly oviposit at dam sites or
at the outfalls of lakes, and that the larvae are
found away from the egg-laying sites since a larval
migration occurs and successively larger larvae
are found further downstream (Canada, Department
of Agriculture, 1955). Another discovery of poten-
tial importance in this area is that the females of
S. venustum rest at night in the tops of spruce and
other trees.

Observations of this type may have a bearing on
practical control, since they may show up the
weak points in the insect's defences (as, for example,
in the case of the screw-worm fly, in which the
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seemingly academic observation that the female
mates once only has been utilized to bring about the
eradication of this pest from the island of Curacao).

In Canada a number of useful and interesting
techniques are employed for the field study of
black-flies. In the Baie Comeau investigations use
was made of small metal cones of 300 angle which
were placed in streams and which were readily used
by black-fly larvae for attachment surfaces; the
cones provided information on the downstream
migration of larvae, and were also found useful
for making quantitative assessments of larval
density before and after larviciding of the streams-
an example of a technique which although developed
for ecological studies proved to have a value in
day-to-day control work. The cones were more
favoured for larval attachment if painted white,
possibly because this colour simulated the birch-
logs on which much of the natural attachment
occurs. The cones, together with experiments
conducted with pieces of log anchored in the streams
in different positions, showed that the degree of
turbulence is the principal factor determining the
larval attachment sites (Wolfe & Peterson, 1958).

Techniques have also been developed in Saskatoon
for recovering the eggs of Simulium from river beds
and for rearing black-fly adults from eggs or larvae.
The prairie black-fly, S. arcticum, deposits its eggs
loosely and singly over the water, and the eggs
overwinter in the sand of the river bed under the
ice, the larvae hatching at the time of the spring
thaw. Eggs are recovered from the river bed in the
following manner: dredged river-bed material is
agitated with water and salt in a large container,
which is then allowed to stand; the fluid part, brine
with fine suspended organic matter, is poured
through a series of sieves, coarser sieves retaining
the larger organic matter, and the smallest sieve
(0.104 mm opening, 150 meshes per inch) retaining
the S. arcticum eggs.
The most successful means used for rearing adult

flies involves the rotation of a series of jars (con-
taining river water and the eggs or larvae) by means
of pulleys and belts worked from a shaft driven by an
electric motor; clamps support fixed blades inside
the jars which induce the necessary turbulence as
the jars themselves revolve (a reversal of the usual
procedure wherein the container is fixed and a paddle
rotates). Another technique involves the agitation
of dishes containing the black-fly material on an
electric shaker, but this, and simpler methods, are
less satisfactory than the container-rotation system.

This system would almost certainly be effective for
the rearing of S. damnosum adults.
An excellent method is also used at Saskatoon

for measuring the turbidity of river water in con-
nexion with ecological and control studies. There is
a certain amount of doubt as to how Simulium
larvae actually receive a toxic dose of DDT, but it is
a commonly held opinion that it is most probably
through the ingestion of particles of inorganic
matter upon which DDT has been adsorbed (for
black-fly larvae appear to be non-selective in
feeding and to take in any matter delivered by
the mouth-brushes). It has been established at
Saskatoon that DDT is readily adsorbed on
inorganic particles in the rivers (Fredeen, Arnason
& Berck, 1953), and that DDT control is successful
over longer distances when the rivers are moderately
or heavily charged with suspended inorganic matter.
Measurements of the turbidity are made by filtering
a sample (50 or 100 ml) of river water through a
desiccated and weighed millipore filter pad with the
aid of a vacuum-pump; after filtration the sample
is washed through with distilled water, and the filter
pad is then dried in a desiccator and reweighed;
the dry weight difference is the weight of suspended
material of the sample. This method might be
valuable in connexion with S. damnosum control
work, in which it is found that the rivers are often
very turbid in the wet season; but for African field
conditions a battery-operated vacuum-pump would
be necessary, and great care would have to be taken
with the semi-micro balance required for weighing.
The techniques briefly outlined above may be

applicable to the study of S. damnosum in Nigeria
and elsewhere, either as they stand, or with modifica-
tions required by African conditions or because of
differences in the behaviour of this species. It is of
interest to observe the differences, or resemblances,
in the behaviour of S. damnosum and the North or
Central American black-flies. A few points may be
briefly commented upon.
A striking feature in North America, Mexico and

Guatemala is the very large numbers in which the
adults of the principal pest species occur (P. hirtipes,
S. venustum, S. arcticum, and S. ochraceum). They
really are a biting nuisance, and the enormous
numbers in which they occur can make life very
unpleasant both for man and for livestock, although
fortunately in Canada and the USA the fly season
is relatively short (May-July). This is in marked
contrast to S. damnosum in Nigeria, which is very
seldom a mass biting menace, and is only of import-
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ance because of its ability to transmit onchocerciasis.
In Mexico and Guatemala S. ochraceum both trans-
mits onchocerciasis and is a mass biting nuisance.
The low adult densities of S. damnosum in Nigeria
and in most other parts of Africa make assessment
of fly incidence a fairly easy matter, and the flies-per-
boy-hour method, commonly used with African
blood-sucking insects, gives in general a satisfactory
means of comparing densities before and after
control. This method, however, cannot be used with
the North American species, firstly because of the
very large numbers, and secondly because while
many of the flies may come to a collector they may
fail to settle for long or to bite (in these species there
is a landing-rate as distinct from a biting-rate, a
circumstance which does not occur with S.damno-
sum, which normally comes to man only when
intending to feed). North American workers have
therefore evolved a different measurement of
density, generally the landing-rate on a yard square
of blue cloth, this colour being attractive to the
black-flies.
The North American black-flies mostly bite man

indiscriminately, even crawling under clothing and
hats to feed, whereas S. damnosum will not crawl
under clothing to bite and bites almost entirely on
the legs. S. ochraceum, on the other hand (see
below), bites only on the upper parts of the body.
Simulium jenningsi Malloch, which breeds in the

rapids of the large Ottawa River, behaves similarly
to S. damnosum in that it shows a tendency to con-
centrate and bite far from the breeding grounds.
Some differences between S. damnosum and the

New World black-flies in breeding-site preferences
have already been alluded to in connexion with
control.

_OMMENTS ON SOME ENTOMOLOGICAL ASPECTS OF
ONCHOCERCIASIS IN THE NEW WORLD

Differences between American and African
onchocerciasis, in regard to both the biology of the
vector black-flies and the epidemiology of the
disease, are readily apparent; and, indeed, a con-
sideration of the Simulium and onchocerciasis
problems in Nigeria and Mexico and Guatemala
demonstrates the striking dissimilarities, rather than
the resemblances, which exist.

Onchocerciasis in Mexico and Guatemala is a
disease associated with coffee-growing areas and
occurs in rather closely circumscribed zones on very
mountainous terrain which is generally well forested;

its distribution appears also to be limited by altitude,
and the disease is endemic only between some
450 m and 1500 m above sea level. The boundaries
of the onchocerciasis zones are remarkably clear-cut
and the term " zone " is apt, whereas in Nigeria and
other parts of Africa the endemic onchocerciasis
areas are often diffuse and their limits hazy so that
the term " zone " is less appropriate. In Nigeria,
also, the distribution of the disease does not appear
to be dependent on altitude (it occurs, for instance,
nearly to sea level in the Cameroons), nor is it
associated with plantations or with one particular
type of environment; moreover, it is found both in
dry savannah and in forested country. Certain as-
pects of onchocerciasis in Venezuela may prove to
be similar to Nigeria, but neither of the two known
foci in Venezuela has yet been studied in detail.
The number of sufferers from onchocerciasis is

estimated at 35 000-50000 in Mexico (where there
are three zones, northern Chiapas, southern Chiapas,
and Oaxaca) and at 25 000 in Guatemala (where
there are two zones, a main one on the south-west
Pacific slopes and a smaller one in the Department
of Huehuetenango). The combined area of the ende-
mic zones in Guatemala is about 1500 kmi2, but it is
probable that the Huehuetenango zone is contiguous
with the zones in the Chiapas State of Mexico, and
the two, although apparently separate, may in reality
be all one zone (Dalmat, 1955). These figures are in
sharp contrast to the situation in Nigeria, where in
the Northern Region alone about one-third of a mil-
lion persons suffer from the disease (Budden, 1956)
and many thousand square miles are infested with the
vector Simulium damnosum (Crosskey, 1956b). The
total area over which onchocerciasis is endemic in
Northern Nigeria is closely similar to the area
infested by the fly, since very nearly all the known
S. damnosum areas have been shown to have the
disease- again a contrast to the situation in Mexico
and in Guatemala, where the distribution of the
vectors (S. ochraceum, S. metallicum and S.callidum)
is much more extensive than that of the onchocercia-
sis zones. No explanation has been found for the
close limitation of these zones, which form com-
paratively small islands in the vast area over which
the vectors occur; it would be expected that move-
ment of both human and vector populations would
long since have spread the onchocerciasis zones over
a much larger area.
The infection rate in the black-fly vectors of

Onchocerca volvulus is, however, much lower in
Mexico and Guatemala than it is in S. damnosum in
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Africa. In the former areas (see Dalmat, 1955) only
about 1% or even less of flies are normally infected
(i.e., all stages of 0. volvulus development), t ut
infection rates of 500 to 20%, and often more, are
commonly found in S. damnosum (Crosskey, 1954,
1957; Edwards, 1956). This is a remarkable differ-
ence which is not easily explicable, but it may be
worth noting that S. ochraceum (the principal
Mexican and Guatemalan vector) occurs in very
large numbers and is, incidentally, often a biting
menace quite apart from its role in transmission;
S. damnosum, on the other hand, hardly ever occurs
in very large numbers and is almost never a mass
biting pest. In connexion with the mechanism of
transmission, it is believed in Guatemala (but not in
Mexico) that 0. volvulus undergoes part of its
development in the Malpighian tubules of the flies,
and that these are the normal lodging places of the
infective (metacyclic) forms (de Leon, 1957). The
uptake of blood when the infected fly feeds is believed
to stimulate the infective worms to break out of
the tubules and to rupture the distended abdominal
body-wall, thereby gaining access to the surface of
the skin on which the fly is feeding; the head and
mouth-parts then play no part in transmission. This
view of transmission is not supported by work on
S. damnosum in Nigeria, which has shown that
metacyclic worms frequently occur in the head and
mouthparts of the fly, but are never found in the
Malpighian tubules (even as microfilariae); it is
believed in Nigeria that transmission occurs in the
normally accepted manner, i.e., by the passage of
worms through the membranous base of the labium
into the wound created by the feeding fly.

Important behavioural differences exist between
S. damnosumn and the New World vector species.
The latter breed in streams (S. ochraceum in the very
smallest trickles) and therefore have an enormous
breeding area in the multitudinous watercourses of
the mountainous areas in which they principally
occur; S. damnosum breeds in moderate to large
rivers and its breeding area is comparatively res-
tricted, especially in the dry season. The Mexican
and Guatemalan vectors occur as adult flies through-
out the year, but reach their peak numbers in the
early dry season, about December and January
(Dalmat, 1955); S. damnosum adults occur mostly
from May to October (with a peak from July to
September) and are at their lowest numbers as a rule
in the dry season, November to April, in Nigeria
(Crosskey, 1955). S. callidum (like S. damnosum)
bites principally on the legs; S. metallicum bites

rather indiscriminately; and S. ochraceum bites only
on the upper parts of the body, chiefly the shoulders,
neck and head. The latter species, the chief vector
in Mexico and Guatemala, therefore shows a biting
preference which is the exact opposite of that in

TABLE 3

COMPARISON OF FEATURES OF ONCHOCERCIASIS
IN MEXICO AND GUATEMALA WITH THOSE IN NIGERIA

Mexico and Guatemala

Principal vector, S. ochra-
ceum; Other vectors, S.
metallicum and S. callidum.

Simulium breed in streams

Adult flies most abundant in
the dry season.

Onchocerciasis transmission
probably mostly in dry sea-
son.

Chief vector bites on upper
parts, mostly head, neck and
shoulders.

Flies lightly infected, about
1 % or often less.

Average vector flight range
probably short, possibly li-
mited by mountain or forest.

Life of immature flies usually
about 20-35 days.

Onchocerciasis confined to
small zones.

Onchocerciasis zones much
less extensive than area of
vector.

Onchocerciasis zones asso-
ciated with altitudes between
450 m and 1500 m.

Onchocerciasis associated
with coffee-growing planta-
tions and mountainous ter-
rain.

Onchocerciasis occurs in
forested country.

Microfilariae most abundant
in upper parts of the body.

Nodules mostly on head,
neck, and shoulders.

Incidence of superficial no-
dules often very high: 70%-
80 % of infected persons.

Skin lesions not very fre-
quent, often indefinite

Nigeria

Only known vector, S. dam-
nosum.a

S. damnosum breeds in rivers.

Adult flies most abundant in
the wet season.

Onchocerciasis transmission
probably mostly in wet sea-
son.

Vector bites on lower parts,
almost entirely on the legs.

Flies heavily infected, usually
5 %-20 %, often more.

Average vector flight range
probably long, several miles,
not usually restricted.

Life of immature flies usually
about 10-18 days.

Onchocerciasis widespread,
often in large diffuse areas.

Onchocerciasis areas about
as extensive as vector's
areas.

Onchocerciasis areas not
associated with altitude.

Onchocerciasis not associat-
ed with plantations or espe-
cially with mountainous ter-
rain.

Onchocerciasis occurs in
savannah and forested coun-
try.

Most microfilariae in lower
parts of the body.

Nodules mostly on iliac crests
and ribs.

Incidence of superficial no-
dules usually low: 10 %-15 %
of infected persons.

Skin lesions very frequent,
and often strongly marked.

a S. bovis de Meillon is suspected of acting as a vector in
localized areas (Crosskey, 1956a).
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S. damnosum, the principal African vector, which
bites almost entirely on the legs. These preferences
appear to be correlated with differences in the skin
sites in which the heaviest microfilarial densities
occur; in American onchocerciasis the micro-
filariae are most abundant in the head and shoulders,
but in African onchocerciasis the greatest densities
are most often in the lower parts, from the waist
downwards. In Guatemala a large number of
S. ochraceum were collected by the author and it
was strikingly evident how very definite is the
preference for biting on the upper regions of the tody
-as definite as the preference shown by S. damno-
sum in Nigeria for biting on the legs.

It is observed in Mexico and Guatemala that the
highest incidence of onchocercomas occurs on the
head, back of the neck and shoulders; these are
sites in which nodules almost never occur in African
onchocerciasis, in which they are mostly located on
the iliac crests or ribs, rarely on the knees, and very
rarely on the scalp. There would seem to be justifica-
tion for the well-known view that the nodules appear
in fairly close proximity to the usual sites of the
infected Simulium bites, and that the larval Oncho-
cerca worms migrate at random until they reach
sites at which the tissues are thin over the bones;
in such sites it is presumed that their movements are
obstructed and there is more chance of mating and

RIS

La lutte contre les simulides se poursuit dans diverses
regions du monde, telles que le Mexique, le Guatemala,
et la Nigeria, oui ces insectes sont vecteurs de l'onchocer-
cose. On a entrepris egalement de vastes campagnes au
Canada et aux Etats-Unis, oui les simulides harcelent les
travailleurs en plein air, et les bestiaux qui sont souvent
victimes de leurs piqures. En Ane'rique du Nord, la lutte
est dirigee essentiellement contre les larves, par pulverisa-
tion aerienne de DDT sur les cours d'eau et les lacs, en
deux ou trois operations annuelles, afin d'atteindre les
diverses especes au moment oui chacune d'elles est le plus
vulnerable. Le feuillage des arbres au printemps, faisant
ecran, diminue l'efficacit6 des pulverisations aeriennes.
On peut les remplacer partiellement par des blocs de
platre de Paris impregnes de DDT, deposes dans les
cours d'eau a des endroits judicieusement choisis.
Pourtant, la multiplicite des petits lacs, rivieres, ruisseaux
et ruisselets rend cette methode difficilement applicable
sur une tres vaste etendue.
En Nigeria au contraire, Simulium damnosum est

l'h6te des grandes rivieres, et ses gites sont accessibles des
rives. Mais il arrive la que le transport de l'insecticide par
l'eau des rivieres soit arrete par les barrages des pecheurs,

nodule-formation. In parts of the onchocerciasis
zones in Mexico and Guatemala as many as 70%-
80% of persons with onchocerciasis show palpable
nodules, but in Africa this figure seldom exceeds
some 10%-15%. Such high incidences of nodules
as occur in American onchocerciasis make nodule-
extraction a valuable means of combating oncho-
cerciasis, and in Mexico large-scale excision of
nodules is being practised in addition to the Simu-
lium control programme in order to control the
disease. A female 0. volvulus obtained from a
nodule was seen by the author in the Huixtla
laboratory (Mexico) in the process, while in saline
on a slide, of extruding many hundreds of micro-
filariae; observation of this active and very liberal
production of embryo worms demonstrated most
forcibly the significance of the nodule and the aim
behind the mass extraction of nodules carried out in
Mexico. However, nodule removal might not be
very useful in Africa, even in conjunction with a
Simulium control programme, since the low incidence
of superficial nodules suggests that their removal
would have little effect on the numbers of micro-
filarize available for transmission.
To conclude this section Table 3 has been drawn

up to corwpare certain aspects of the onchocerciasis
picture in Nigeria with that in Mexico and Gua-
temala.

'UMt
comme il P'est au Canada par les digues des castors. Les
blocs impregnes d'insecticide peuvent y etre utiles dans
certains cas.
La lutte est menee dans tous ces pays sur une base

plut6t empirique. Des etudes sur la biologie des simulides
du Canada ont deja contribue a ameliorer les resultats
obtenus. 11 est souhaitable que des recherches analogues
soient faites sur S. damnosum en Afrique.

L'auteur compare les conditions de la lutte, suivant
l'hydrographie, dans ces divers pays.

L'onchocercose se presente differemment aussi au
Mexique et Guatemala d'une part, et en Nigeria d'autre
part. Dans ces deux premiers pays, 70%-80% des sujets
atteints d'onchocercose presentent des nodules palpables,
alors que ce chiffre ne depasse pas 10%-15% en Afrique.
L'excision des nodules, qui peuvent contenir chacun des
centaines de microfilaires, se pratique au Mexique. En
Afrique, la necessite de cette operation n'apparait guere.
La rarete des nodules visibles semble indiquer que leur
excision n'aurait pas d'influence appreciable sur la reduc-
tion du nombre de microfilaires actives dans la transmis-
sion de la maladie.
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