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The Control of Simulium damnosum at Abuja,
Northern Nigeria, 1955-60*

J. B. DAVIES,' R. W. CROSSKEY,2 M. R. L. JOHNSTON 3 & M. E. CROSSKEY 4

This paper gives a comprehensive account of the first six years ofoperation ofan oncho-
cerciasis control pilot project in an area of over 3000 km2 in the Abuja Emirate, Northern
Nigeria. Control was attempted by the use ofDDT against the larvae of the vector, Simu-
lium damnosum. For the first two years technical DDT in diesel oil was applied. Later,
this insecticide was used in miscible liquid form; this formulation gave as good results as
the technical DDT and was easier to handle and apply.

The authors conclude that, by the methods and in the conditions described, 90 % control
(although not eradication) of S. damnosum can be achieved by the addition of DDT to
river water and that the best results are obtained by application in the early wet season,
from May to July.

Although the cost of the operations was relatively high, it is thought that the concentra-
tion of DDT actually used could be lowered with no loss in efficacy and that this, together
with some reduction in the number of treatment-points, might reduce costs to a level that
could be met by a local administration.

Investigations carried out in the last ten years in
Northern Nigeria have established that human
onchocerciasis and its vector, Simulium damnosum,
are widely distributed in the territory and that many
very large diffuse endemic areas of the disease exist.
Budden (1956) has estimated that over 339 000
people in the country are infected with onchocer-
ciasis, of whom some 20 000 are blind from this
cause. The total endemic onchocerciasis area pro-
bably conforms closely to the area over which S.
damnosum occurs, for this black-fly only rarely
exists in Northern Nigeria in areas in which oncho-
cerciasis is absent. Crosskey (1956) has estimated
that the total S. damnosum area, at times ofmaximum
adult fly dispersal, is of the order of 90 000 square
miles (234 000 km2). S. damnosum is the only
important vector in Northern Nigeria where (as
elsewhere in West Africa) S. neavei Roubaud is
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absent. S. bovis de Meillon has, however, been
suspected of local transmission to man (Crosskey,
1957).
At the end of 1954, the medical authorities of

Northern Nigeria, appreciating the scale of the
onchocerciasis problem in the country, decided to
institute an entomological control project against
S. damnosum. Up to that time the control of S.
damnosum had not been attempted in Nigeria or
elsewhere in West Africa. In planning the first
attempt at control the primary aims were threefold:

1. To assess the feasibility of control within an
area not isolated from other fly areas from which
continuous reinfestation could occur;

2. To evolve a practical and economic technique
for routine annual control;

3. To assess the effect of vector control on the
incidence of onchocerciasis within the project area.

All the areas of infestation with S. damnosum
were considered with a view to selecting the most
appropriate control area in the light of these three
aims. The northern part of Abuja Emirate in eastern
Niger Province was finally chosen as the most
suitable area. The Abuja area lies well within a very
extensive, generally infested S. damnosum region
on the Kaduna and Gurara river systems (Fig. 1) in
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FIG. 1
RIVER SYSTEM INFESTED BY SIMULIUM DAMNOSUM
IN EASTERN NIGER PROVINCE AND SOUTH-WESTERN

ZARIA PROVINCE, NORTHERN NIGERIA, AND
CONTAINING THE ABUJA CONTROL AREA

Zaria and Niger Provinces, and provided a fitting
location in which to determine whether control in
one section only of a large infested region was a

practical possibility in the face of continuous re-

infestation from the uncontrolled periphery. From
its inception the Abuja project was a control scheme
and no attempt has as yet been made at eradication
in the area. Eradication will prove extremely
difficult, if not impossible, because not only does the
Abuja area form only part of a very much larger
infested region, but, furthermore, this region is itself
not fully isolated from yet other S. damnosum foci
such as those on the western side of the Jos Plateau
and on the rivers of central Niger Province.

S. damnosum and onchocerciasis in Northern Ni-
geria principally occur in very large diffuse endemic
areas whose limits are hazy; such areas form the
core of the onchocerciasis problem in the country,
but some small, isolated and clearly defined foci
also exist, akin to the fairly closely circumscribed
S. neavei foci which have been dealt with in Kenya
(McMahon, Highton & Goiny, 1958). The large,

diffuse type of area presents the major challenge to
control and is typified by the area shown in Fig. 1,
which is about 14 400 square miles (37 400 km2)
in extent. Nearly half of this area (that part lying
between the Kaduna and Tapa rivers) is almost
completely inaccessible from the ground since it is
devoid of roads. Accessibility was one of the fore-
most considerations in selecting the first experimen-
tal control area. Abuja was suitable in this respect
since it is connected by an all-season road to Minna,
the provincial headquarters and rail-head.

Pre-control observations on S. damnosum were
begun in the Abuja area in September 1954 and
continued throughout 1955. Larvicidal control by
means of DDT was commenced early in 1956 and
has been continued annually until the time of
writing (1961). A preliminary account of the first
results obtained has been published elsewhere
(Crosskey, 1958), and the present paper gives a
comprehensive account of the first six years of the
Abuja control scheme from 1955 to 1960.

It may be noted here that a list of all the known
S. damnosum breeding rivers in Northern Nigeria
has recently been published (Crosskey, 1960). Some
minor control has already been carried out on the
Mimi River near Lokoja and on the Kaduna River
at Kaduna and it is possible that S. damnosum
control may in the near future be extended to the
Hawal River on the border of northern Adamawa
and southern Bornu Province.

DESCRIPTION OF THE ABUJA CONTROL AREA

The Abuja control area (Fig. 2) comprises about
1200 square miles (3120 kM2) of hilly or slightly
undulating country lying between 8055' and 9°20'
North and 6050' and 7030' East. The altitude is
mainly between 1000 and 1800 feet above sea level
(300-550 m), but only 600-800 feet (about 185-245 m)
in flat, low-lying areas in the south-west. Parts of
the hilly areas in the north-east reach 2500 feet
(760 m).

Within the control area there are numerous small
isolated " kurmis '", or patches of dense forest, and
often moderately heavy fringing forest along stream-
sides and river-banks, but the vegetation consists
mainly of thin open savannah woodland. In many
areas the primary savannah has been destroyed for
farming and previously farmed areas now present
only a secondary scrub vegetation. A considerable
area of farmland is cleared each year by the local
inhabitants for growing the staple crop, yams. The
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FIG. 2
ABUJA CONTROL PROJECT AREA, WITH PRE-CONTROL BREEDING-SITES OF SIMULIUM DAMNOSUM

AND LARVICIDING TREATMENT-POINTS

riverine vegetation is mainly composed of large,
broad-leaved, evergreen shrubs and tall emergent
trees, including particularly Berlinia grandiflora,
Adina microcephala, Vitex doniana, Khaya senegal-
ensis, Andira inermis, and Uapaca guineensis. In
contrast to the vegetation in most areas in Northern
Nigeria, the raphia-palm (Raphia sudanica) is very
uncommon in the riverside or stream-side vegetation
and the bamboo (Oxytenanthera abyssinica) is
entirely absent. No tree is outstandingly characte-
ristic of the savannah areas and even the " doka "
tree (Isoberlina doka), which elsewhere in the Guinea
savannah is often abundant, occurs only in small
areas here and there. The oil-palm (Elaeis guine-
ensis) occurs in scattered groups on the farmed or
recently abandoned areas.

Geologically the area forms part of the African
Pre-Cambrian basement and has not been overlain
by the sea. Hence, there are no sedimentary deposits
to obscure the Pre-Cambrian granite, which thus
gives rise to rocky-bedded rivers with rapids and
falls and to a characteristic landscape showing
isolated domes of smooth, bare rock (inselbergs)
where the granite has resisted erosion. The S. damno-
sum distribution is largely dependent on the pre-
sence of swift rocky rivers and these occur in North-
ern Nigeria almost only where the Pre-Cambrian
basement rocks are exposed. Thus the S. damnosum
distribution (as pointed out by Crosskey, 1956) is
probably governed by geology more than by any
other factor. The Abuja control area is drained by
innumerable, small, seasonal streams which dis-
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charge into three main rivers, the Tapa, Iku and
Usuman, which in turn discharge into the large
Gurara River (the Iku and Usuman first joining
before their common confluence with the Gurara).
The Gurara River is about 200 miles (320 km) long
and rises on the western edge of the Jos Plateau,
flowing westwards and then southwards to join the
Niger about 60 miles (95 km) south of the control
area. The entire western boundary of Abuja
Emirate is formed by the Gurara River. The Gurara,
Tapa, Iku and Usuman flow throughout the year,
but the flow varies enormously with the season and
is always very much reduced by the end of the dry
season. The small tributaries flow for some time
during and just after the rains, the time depending
on local conditions of rainfall and relief, but are dry
for several months each year, although isolated pools
may survive in some of them.
The dry season lasts from mid-October to April,

although only the months from November to Fe-
bruary average under 1 inch (2.5 cm) of rainfall. The
first storms of the wet season occur in mid-March
or early April, and the rains proper last from May
until about the first week of October, with a peak in
August and September. The mean annual rainfall
at Abuja is 65 inches (165 mm) per annum, but yearly
rainfall varies from about 60 inches to 72 inches
(1524-1828 mm).
The area of Abuja Emirate is about 2300 square

miles (5980 kmi2) and the total population about
67 000. The control area is the northern half of the
emirate, and, as mentioned above, has an estimated
area of hZ00 square miles within which the popula-
tion numbers approximately 32 000. Most of the
local population belongs to the Gwari tribe, but
other pagan people of the Bassa tribe live in the
south-west of the emirate and the Koro tribe in the
north and north-east. About 8000 Moslem Hausa
people live in and near Abuja township. Abuja is
the only town of any size in the emirate and the
population of the town itself is about 4000. Oncho-
cerciasis is endemic in the area, and an onchocer-
ciasis survey carried out in Abuja township in 1955
showed that a little under one-third of the popula-
tion (all age-groups) was infected. Outside Abuja
town the infection rate is very much higher and over
much of the emirate every adult person is infected
and most of the children, except for those below the
age of 4 or 5 years. Results of a quantitative survey
for onchocerciasis in persons under 20 years of age in
Abuja Emirate have been published elsewhere
(Crosskey & Crosskey, 1959).

PRE-CONTROL SURVEYS

Surveys for S. damnosum breeding-grounds
Before control could be attempted it was essential

to undertake fairly detailed surveys for the perennial
and seasonal breeding-grounds of S. damnosum, to
map the sites at which breeding was ascertained to
occur and thereby to select the points at which
larviciding would be necessary to achieve larval
elimination. Larvae and pupae of all species of
Simuliidae were collected from the rivers and streams
of the control area at different times of the year from
September 1954 until December 1955. It was found
that breeding of S. damnosum was almost completely
confined to the perennially flowing larger rivers
the Gurara, Tapa, Iku and Usuman-within the
control area and that breeding did not occur in the
very small side-streams. Very occasional larvae and
pupae were, however, found in one or two of the
larger tributaries of the main rivers at the height
of the rains, when adult flies were generally dispersed
over the whole area. The upper parts of the Tapa,
Iku and Usuman rivers towards their sources are
muddy and slowly-flowing and no breeding occurred
as a rule in these stretches, but along the lower
rocky stretches of these rivers breeding was more or
less continuous-for about 22 miles (ca. 35 km) on
the Tapa, 18 miles (ca. 30 km) on the Iku and about
70 miles (ca. 110 km) on the Usuman. The pre-
control breeding sites within the control area are
shown in Fig. 2. In addition to S. damnosum the
following species of Simuliidae were found breeding
in rivers or streams in the area: S. alcocki, S. johan-
nae, S. impukane, S. schoutedeni, S. mcmahoni,
S. cervicornutum, S. unicornutum, S. ruficorne,
S. aureosimile, S. adersi, S. medusaeforme form
hargreavesi, S. vorax, S. colas-belcouri and S. bovis.
Recently two other species, S. loutetense and
S. griseicolle type form, have also been found.

Surveys for S. damnosum adults
It was intended that the chief criterion of success-

ful control should be a really substantial decrease in
the wet-season fly density after larviciding of the
breeding grounds had been carried out. In Northern
Nigeria, with a very pronounced wet and dry season,
there is a prolonged period in the rains when adult
S. damnosum are abundant, followed by several
months of the dry season during which adult flies
are naturally very scarce or absent. Thus pre-
control and post-control density data can only be
satisfactorily compared using wet-season data.
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FIG. 3
CATCHING-POINTS FOR ADULT SIMULIUM DAMNOSUM AND THE ARRANGEMENT OF FLY-ROUNDS

IN ABUJA CONTROL PROJECT AREA

During the rains of 1955 catches of adult flies were
made throughout the Abuja control area. Forty-
three catching-points were selected and arranged
into five "fly-rounds " (shown in Fig. 3), giving
generally satisfactory coverage of the area. Catching-
points were situated on or near roads for practical
convenience and a Land-Rover was used to transport
the collecting staff from point to point. In working
the fly-rounds each catching-point was visited by
(normally) two or three men for a period of 15 mi-
nutes. The men acted as bait with their legs exposed
(since S. damnosum in Northern Nigeria bites almost
solely on the legs) and collected all flies settling on
them to feed within the 15-minute period. Each fly
was captured separately in a specimen tube and
records were kept of the number of flies collected
at each catching station and of the date on which
each fly-round was carried out. After each month
the adult fly density was computed for each catching-

point, the density being expressed as the number of
flies caught per collector per hour (i.e., flies per
boy-hour).

Before control the fly-rounds showed that adult
flies were very abundant and widely distributed in
the control area during the wet season and that they
often occurred in high densities up to 5 miles (8 km)
in a direct line from the nearest breeding sites in
the main rivers. Beyond this distance from the
breeding grounds flies became scarcer, although
locally they were abundant at scattered spots at about
6 miles (or a little over 9 km) away. Occasional
flies could be collected up to about 8 or 9 miles
(about 13-14.5 km) from the nearest possible
breeding place but natural dispersal appeared to end
completely at about 10 miles (16 km). It is impossible
to assess this satisfactorily in the Abuja area, since
nowhere is more than 10 miles in a direct line from
the nearest perennial river in which breeding occurs.
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It should be stressed that fly density did not show a
regularly decreasing pattern as distance from the
breeding grounds increased, and densities were
frequently very low at certain points near the rivers
and very high well away from them. Certain points
in the bush or near small streams, well away from
the breeding rivers, appeared to act as concentration
sites for adult S. damnosum. No obvious explanation
for this capricious behaviour exists but it appears
to be associated with high density, since after
control, when the adult density had been reduced
to a very low level, there was no longer any ten-
dency for concentration at these points.
A summary of the pre-control survey data on

adult flies is given in a later section.

GENERAL TREATMENT METHODS AND MATERIAL

Larvicide treatment-points
In an area such as Abuja the only practical means

of controlling S. damnosum is by the application of
insecticides against the larvae in the breeding-
places, and a larvicidal campaign has been put into
operation each year in the Abuja control scheme.
Pre-control surveys for the breeding-grounds in-
dicated where larviciding points would be required
to produce effective control. It was decided not to
dose the large Gurara River (which flows at between
4000 and 6000 cusecs 1 during the rains) because
it was impossible to get above the highest breeding-
ground and the river is generally very inaccessible.
Furthermore, the primary aim was experimental con-
trol in an area not isolated from sources of reinfesta-
tion and it was therefore appropriate to leave the
Gurara River breeding-sites uncontrolled. Treatment-
points were selected on the Tapa, Iku and Usuman
rivers (Fig. 2) for the initial larviciding in 1956. There
was one point on the Tapa River near the village of
Chauma (Point 2), one point on the Iku River near
Abuja (Point 1) and two points on the Usuman
River (in which the infested stretch was much
longer) at the village of Mahapa (Point 3) and at
Gwagwa (Point 4), where the bridge on the Abuja-
Keffi road crosses the river.
Thus four treatment-points were used on the

three rivers in the first year's larviciding (1956). In
the following year, it was decided to increase the
number of treatment-points to seven in order to
deal more effectively with the lower stretches of
the three rivers. A second treatment-point was used

1 1 cusec = 0.028 m3/second.

on the Tapa River at Tapa Falls (Point 5) and two
extra points on the Usuman at Kwango village
(Point 6) and at Gwagwalada village (Point 7). All
seven treatment-points were used from 1957 onwards.

In the early rains of 1958, during that year's
larviciding period, some breeding of S. damnosum
was discovered in the Wuye River which had hither-
to been free from breeding (no larvae and pupae
had ever been found in it up to this time at the
numerous surveys at different times of the year).
The Wuye is a small, mainly rocky river rising in the
hills to the north-east of Abuja and flowing south-
wards to join the Usuman about 2 miles (ca. 3 km)
east of Gwagwalada. The discovery of this un-
expected source of flies within the control area
necessitated the establishment of dosing-points on
the Wuye (Points 8, 9 and 10), and larvicidings were
made from these points as required from 1958
onwards.
The two treatment-points on the Tapa and the

Mahapa and Kwango treatment-points on the
Usuman are some miles from the nearest roads and
motorable access tracks are opened each year to
these points for the larviciding campaign. The
expense incurred in track construction is one of the
principal items in the cost of control.

Summary of treatments applied
As already stated, the aim of the scheme was to

evolve a practical and economical technique for the
annual control of S. damnosum in the area. To
achieve this, all the methods used had to be simple,
using cheap local materials whenever possible, and
in addition had to comply with the third aim of the
scheme-namely, to determine the effect of control
on the incidence of onchocerciasis in the popula-
tion. A reasonable degree of control having once
been attained, this could not be jeopardized by a
drastic change in procedure which might result in
very poor control for a year. Hence any change in
technique had to be within the limited resources of
the Simulium Control Unit and aimed to give the
highest degree of control that could be predicted
from existing knowledge.
DDT was chosen since this insecticide had already

proved itself effective as a larvicide against Simulium
in several parts of Africa, including Ghana (Noel-
Buxton, 1956), Kenya (Garnham & McMahon,
1947) and Uganda.2

Barnley, G. R. (1953) The control of S. damnosum
Theobald on the Victoria Nile, Uganda (unpublished working
document WHO/Onchocerciasis/ 18).
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TABLE I
COMPARISON OF THE DIFFERENT TREATMENTS OF THE RIVERS IN ABUJA FROM 1956 TO 1960

No. of Dose Treatment Quantity Afrrat ,Aount of

Year an dformulation treatment- rate time formulation Tretment of p,p-smer
andfrmultion points (p.p m) (minutes) used a period rivers DDT used

(pounds a)

1956 Technical DDT in diesel
1 boil 4 1.0b 30 1 294 pounds 5 March-24 May Falling 905.8

1957 Technical DDT in diesel
oil 7 1.0 30 2 128 pounds 4 Feb.-26 April Falling 1 489.6

1958 DDT 25% miscible liquid 7 + 3 c 0.5 30 1165 Imp. gal- 26 May-13 Aug. Rising 2 038.1
Ions

1959 DDT 25% miscible liquid 7 + 3 c 0.5 30 1 683 Imp. gal- I June-27 Aug. Rising 2 854.0
Ions

1960 DDT 25% miscible liquid 7 - 3c 0.5 d 15 478 Imp. gallons 9 May-27 July Rising 937.0

a 1 pound = 0.454 kg; 1 I mperial gallon = 4.54 litres.
b Dosage rate calculated to give a mean rate of 1.0 p.p.m. over the 12 weeks.
c Three additional points on River Wuye operative for the last few weeks of treatment only.
d Dosage rate estimated to give a mean rate of 0.5 p.p.m. over each month of application, increasing with each month to allow

for the rising river discharge.

The different treatments applied are summarized
in Table 1. It will be seen that in the first two years
treatments were made in the late dry season and
early wet season when the rivers were subsiding, and
that thereafter treatments were made in the early
wet season when they were beginning to rise. During
the first two years, a solution of technical DDT
in diesel oil was used, but was later superseded by
the more easily used miscible liquid, with no apparent
loss in efficiency. The details of each treatment and
their effect on the immature stages of S. damnosum
are given below, together with the circumstances
leading to any change in technique.

Frequency of application and duration of treatment

The river at each treatment-point received one
application per week for a total period of 12 weeks.
At each point application was made on the same day
each week, so there was a regular interval of seven
days between applications at any one point. This
timing of treatments was strictly observed in all
five years of larviciding, with very few exceptions
and these were due either to bad weather or to
mechanical breakdowns. Treatments on the river
Wuye were made at the same seven-day interval, but
usually lasted only a few weeks. The circumstances
of these treatments are described as they occur.

In selecting the frequency of application, Barnley's
(op. cit.) estimate of six to eight days as the length
of larval life in S. damnosum was accepted since no

definite evidence was available on the larval life in
the project area, but it was thought that larval life
was longer than the five days recorded by Wanson
(1950) in the Belgian Congo, although it may be
noted that it may be shorter than the 10-13 recorded
by Crisp (1956) and the 14-40 days reported by
Wright (1957) from Ghana.

It was assumed that the DDT would not be toxic
to pupae of Simulium since it had been found
elsewhere (Hocking, 1950; Hocking, Twinn &
McDuffie, 1949) that the pupal stage was almost
unaffected by insecticides, although more recently
Taufflieb (1955) considered that pupae of S. damno-
sum were killed by applications of y-BHC in the
Mayo Kebbi control scheme, Chad Territory.
During the course of the treatments pupae were
frequently collected after the insecticide had passed
and these often emerged as adult flies, showing that
the effect of DDT on pupae was in fact negligible.

Estimation of river flow-
River discharge was measured in cubic feet per

second for each application (1 cusec = 0.028 m3/s).
This provided data for the calculation of the actual
dosage which had been applied in 1956 and 1960,
or for the determination of the quantity of DDT
necessary to produce the desired dosage of 1.0 p.p.m.
or 0.5 p.p.m. in other years. Over the five-year
period, the measurements were made at the same
sites, which were as close as possible to the down-
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stream points that it was anticipated the insecticide
would reach, not at the treatment-point itself.
Measurements were made where the character of the
river was reasonably uniform. The depth, for
purposes of flow calculation, was taken as the mean
of five measurements made at right angles to the
direction of flow and the width was measured with
a graduated rope. Speed of flow was ascertained by
means of a Watts current meter and the river
discharge was calculated as the product of the three
measurements.
The treatment-points at Gwagwalada, Gwagwa

and Abuja (see Fig. 2) controlled stretches of river
where it was impossible, for reasons of inaccessibil-
ity, to determine the downstream flow. Factors
were assigned to these points whereby the estimated
flow at the outflow into the Usuman or the Gurara
could be calculated. At Gwagwalada the flow was
multiplied by a factor of 1.25, at Gwagwa by 1.5
and at Abuja by 2.0.

Equipment

In all the applications the insecticide was dispensed
from kerosene tins (5 US gallons capacity) having
a single hole punched in the bottom (such as had
been used by Garnham & McMahon, 1947, and
recommended in the report of the WHO Expert
Committee on Onchocerciasis, 1954). In spite of
the fact that this dispenser delivered the insecticide
at an uneven rate, its simplicity, cheapness and
ease of replacement outweighed its shortcomings.
The more accurate but complicated and expensive
dispenser of the type described by Hocking (1950),
which delivers an even flow, was not thought suitable
for use in Nigeria in view of the rough handling
it might receive in transport along bumpy tracks
and in the hands of unskilled labourers. In addition,
its construction in Nigeria presented many difficulties.

It was found that a single hole (the diameter of
a 3-inch nail) was sufficient to deliver 3.5-4 Imperial
gallons (15.9-18.2 litres) of insecticide in 15 minutes.
The level of the liquid required was marked on each
tin in order that they might all deliver their contents
in 15 minutes. Each tin was fitted with two rope
handles and a small wooden plug to fit the hole in
the bottom. During the treatment period it was
found that the delivery hole tended to become
enlarged owing to the action of the plug. When this
was apparent the tin was discarded and replaced by
a new one. In 1960 this defect was overcome by
soldering a small brass plate, through which the
delivery hole was bored, to the bottom of each tin,

and this provided sufficient strength to prevent the
hole from becoming enlarged.
During most applications the tins were suspended

by their handles from a pole held by two labourers
who stood in the river (Crosskey, 1958), but during
the wet season applications, from 1958 onwards,
when the rivers often exceeded waist depth, other
methods had to be devised. These methods included
suspending the tins from bridges at Gwagwa
(Point 4), Gwagwalada (Point 7), Wuye (Point 8),
from trees at Chauma (Point 2) and from a canoe at
Kwango (Point 6).
These methods involved the use of considerable

lengths of rope and the hire of a canoe.
During the 1956 and 1957 treatments, when

technical DDT was used, shallow metal pans
(head-pans) were used for heating the insecticide.
Thereafter the miscible liquid was carried to each
treatment-point in either 5 US gallon or 44 Imperial
gallon (approximately 19 or 200 litres) metal drums,
depending on how much might be required. It was
decided that it would be unwise to dump the con-
centrate at each treatment-point, as had been done
with the diesel oil in 1956 and 1957, as the insecticide
concentrates are well known throughout Nigeria as
efficient fish poisons and might be stolen for this use
and possibly contaminate the water supplies.
The increase in the volume of insecticide required

to treat the rivers in the wet season necessitated the
use of two Land-Rovers to carry the staff and equip-
ment to the treatment-points (in 1956 and 1957 the
diesel oil which made up much of the bulk of the
material was dumped at each point at the beginning
of each season's treatment and the DDT, staff and
equipment were transported in a single vehicle to
each treatment). The effect of adopting the standard
dosage method in 1960 was to reduce the number
of Land-Rovers required to one again.

ANNUAL TREATMENTS AND THEIR EFFECT ON THE
IMMATURE STAGES OF SIMULIUM DAMNOSUM

The 1956 treatment
In this first year of control the treatments were

timed to coincide with the end of the dry season,
when rivers would be at their lowest and Simulium
damnosum breeding would be minimal and confined
to the larger rivers. In addition, the small discharge
of the rivers at that time would require very much
less insecticide than when they were in spate and dry-
season conditions would favour transport and the
inspection of the rivers.
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The treatment period lasted from 5 March to
24 May 1956 and, as the river levels could be expected
to remain more or less constant at this time of year,
it was decided to apply a constant weight of DDT
to the rivers calculated to provide a dosage rate of
1.0-2.0 p.p.m. p,p'-isomer over 30 minutes' applica-
tion time, in rivers whose discharge varied between
88 and 175 cusecs.
The weight ofDDT required was calculated in the

manner recommended by the WHO Expert Com-
mittee on Onchocerciasis (1954). In effect, it was
found that 28 pounds (12.7 kg) of technical DDT
(containing 19.6 pounds, or 8.9 kg, of p,p'-isomer)
dissolved in 22 Imperial gallons (100 litres) of diesel
oil could be applied in three dispensing tins (see
below) in 30 minutes. This same treatment was
repeated at each of the four treatment-points (see
Fig. 2)-i.e., on the river Iku at Abuja (Point 1), on
the Tapa near Chauma (Point 2) and on the Usuman
at Mahapa (Point 3) and at Gwagwa (Point 4).
During each treatment the river discharge was

measured in order that the actual dosage rate could
be calculated. It was found that the mean dosage
rate for the 48 treatments (12 treatments at four
points) was 1.4 p.p.m. p,p'-isomer DDT (S.D. = 0.5
p.p.m.).
The method of preparing the insecticide for appli-

cation to the rivers has been described by Crosskey
(1958). Briefly, it was as follows.
The 22 Imperial gallons (100 litres) of diesel oil

which provided the necessary bulk for application
over 30 minutes as well as the solvent for the insecti-
cide, were measured into six tins. Three of these were
the dispensers and the other three were for replenish-
ing the dispensing tins after the first 15 minutes had
lapsed. Meanwhile, the technical DDT was weighed
into shallow metal pans, in which it was warmed
over a fire until molten. It was then stirred into the
diesel oil and was then ready for application. With
six labourers holding the three dispensing tins above
the river, the plugs were withdrawn and the insecti-
cide was run into the river. After 15 minutes, the
dispensing tins were replenished and the process
repeated. Each application was timed with a stop-
watch and the mean application time was 30.4
minutes.
During the last few days of larviciding, rain caused

the rivers to rise and the dosage rate to fall below
1.0 p.p.m. and for this reason it was decided that the
treatment should start earlier the next year (1957).
On the Tapa River larvae and pupae were still

present after the sixth week of treatment at Laiba,

9 miles (14.5 km) below the treatment-point (Chau-
ma), and were apparently unaffected at further dis-
tances downstream. After the ninth application,
no larvae remained at Laiba or at the Tapa Falls
13 miles (21 km) downstream from the treatment-
point, but breeding continued at a lower level at
Gwachipe and Wagu (23 and 26 miles, or 37 and
42 km, below the treatment-point). After the
eleventh application, no further breeding was found
at Gwachipe, but continued at Wagu. Surveys after
the twelfth and last application showed that no
larvae or pupae could be found anywhere between
the treatment-point (Chauma) and Gwachipe, but
that larvae and pupae were still present at Wagu.
The treatment therefore appeared to be effective on
the Tapa River for a distance of some 23 miles
(37 km).

Similar surveys on the Usuman River showed no
larvae and pupae for 22 miles (35 km) below the
Mahapa treatment-point, but some larvae were
still present at Tsibiri, 15 miles (24 km) below the
Gwagwa treatment-point after the 12 weeks' period
of treatment had been completed. No larvae or
pupae could be found in the Iku River for 5 miles
(8 km) below Abuja after the completion of the
treatment, but as already mentioned, no surveys
could be made below this point.

Breeding was gradually re-established in the clea-
red stretches of river during the wet season of 1956.

The 1957 treatment

By the middle of the dry season of 1956-57 it was
apparent that the rivers would reach a very low level;
but it was impossible to tell when the wet season
would begin, so it was decided to commence the
1957 treatment on 4 February as planned.

It was unfortunate that the second year's treat-
ment coincided with an exceptional drought period,
in which the rivers reached an unprecedentedly
low level and almost ceased to flow. During the
second year's treatment, only small traces of rain
fell and these had no discernible effects on the
rivers as they were rapidly absorbed by the parched
ground.

In view of these conditions, the 1956 technique of
a constant weight of DDT at each application was
abandoned in favour of calculating the exact quan-
tity required for each application to produce a
fixed dosage of 1.0 p.p.m. It was thought that the
constant-dosage technique would produce consi-
derable overdosing with possible mortality among
fish.
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As the 1956 larviciding had failed to control
S. damnosum fully along several stretches of river,
notably on the Usuman above Kwango, the num-
ber of treatment-points was increased, as noted
earlier, from four to seven to cover the stretches of
river not previously reached by the larvicide. The
additional points were at Tapa Falls (Point 5) on
the River Tapa and two extra on the River Usuman
-at Kwango (Point 6) and Gwagwalada (Point 7).
It would have been desirable to have a second point
on the River Iku below Abuja town, but the inac-
cessibility of the country prevented this.

Using the method recommended by the WHO
Expert Committee on Onchocerciasis (1954) for
calculating the weight ofDDT required, it was found
that 0.16 pound (72 g) technical DDT containing
70/ p,p'-isomer was required to treat a flow of one
cusec over a period of 30 minutes. To determine the
quantity of insecticide required to treat a river all
that was necessary was to multiply the discharge
in cusecs (determined as already described) by
0.16 to give the weight required in pounds. This
quantity was then heated and dissolved in 22
Imperial gallons (100 litres) of diesel oil and applied
as in 1956.

Unfortunately, the low state of the rivers presented
a number of difficulties which had not been anti-
cipated. Not only was the river discharge in many
cases so low as scarcely to carry the insecticide down
with it, but the local fishermen took the opportunity
to build numerous fish-traps and dams along the
course of the rivers. The dams formed large, almost
stagnant pools in which the insecticide was held up
and diluted and from which it escaped only gradually.
The net result was that the effect of larviciding in 1957
was much reduced and it was not until the last three
weeks of the treatment period that the rivers rose
sufficiently for the larvicide to have its full effect.
The treatment period ended on 26 April.
The results in 1957 were less satisfactory than in

the previous year. After the treatment period larvae
were still present at points 8 miles (13 km) below
the Gwagwalada and Chauma treatment-points,
but none could be found for the 22 miles (35 km)
below the Mahapa point (i.e., as far as the Gwagwa
point), for 13 miles (21 km) below the Tapa Falls
point, 11 miles (17.5 km) below the Gwagwa point
(i.e., to the Kwango point) and 9 miles (14.5 km)
below the Kwango point. But in view of the 1957
findings on the adult density, it seems likely that
some breeding continued unobserved in unsurveyed
stretches along the rivers, for it was impossible

to inspect every part of over 100 miles (160 km) of
river.

After the wet season of 1957, breeding was again
re-established in all the cleared stretches of the
rivers, as it had been after the 1956 rains.

The 1958 treatment

The tendency of diesel oil to become held up by
obstructions in the river and the tedious methods
required for the DDT in diesel oil preparation led
to the consideration of other formulations of DDT
to act as a larvicide. Consequently, in August 1957
a small trial was carried out on the River Pa, a
tributary of the Iku. S. damnosum was absent from
this stream but S. mcmahoni de Meillon, S. medusae-
forme form hargreavesi Gibbins and S. cervicornu-
tum Pomeroy were plentiful. The insecticide, a
miscible liquid containing 25% DDT, was applied
at a dosage rate of 0.5 p.p.m. over 30 minutes, and
the river inspected a day later. It was found that
all larvae had disappeared over the inspected stretch
of river (about 5.5 miles, or nearly 9 km).
As a result of this trial it was decided to use in

1958 a miscible liquid in place of the technical DDT
and diesel oil used in the previous years.

Because of the partial failure of the treatment
programme in 1957, due to the drought, it was
considered that the dry season was too uncertain a
period for the control of S. damnosum in this area.
The only alternative, therefore, was to treat the rivers
in the early wet season, starting as the water began
to rise and continuing for 12 weeks. This would,
of course, have many attendant problems, including
greater expenditure on the increased amount of
insecticide required to treat the bigger river dis-
charges and difficulties in transporting staff and
equipment along partially flooded motorable tracks
and roads. It was hoped, however, that these diffi-
culties would be more than offset by the greater
" carry " provided by the strongly flowing rivers and
that this would lead to more efficient control.
The insecticide was applied, as before, using

perforated kerosene tins held over the river by
labourers. Before each treatment the river discharge
was determined. It had been previously calculated
that 0.25 pint (142 ml) of 25% DDT miscible liquid
containing 70%. p,p'-isomer was required to treat
one cusec of flow over a period of 30 minutes to
give a dosage rate of 0.5 p.p.m. (this dosage rate
was used in order to reduce the quantity of insecticide
required). The amount of insecticide so determined
was divided equally among the three dispensing tins
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and three replenishing tins (see above) and the levels
were topped up with river water to provide the
necessary bulk for each tin to discharge in 15 minutes.
The treatment began on 26 May and ended on

13 August at the same treatment-points as in 1957.
It was found that the motorable tracks stood up to
the wet season remarkably well and, although one
bridge collapsed, it was repaired in time to prevent
any delay in larviciding. Surprisingly, the condition
of the main roads proved to be worse, as the Abuja
to Keffi road was officially closed for a time during
the treatment period. At the beginning, the labour-
ers could enter the rivers without any trouble to
support the dispensing tins. Later, as the rivers
rose, treatment had to be made from the bridges at
Gwagwalada (Point 7) and Gwagwa (Point 4), while
at Kwango (Point 6) the insecticide was dispensed
rather precariously from a canoe. The tins were
sometimes suspended from overhanging trees by
ropes at Chauma (Point 2). Fortunately the labour-
ers employed were very cheerful and had no objec-
tion to getting wet.
During July, fly-rounds indicated that flies were

still present in the vicinity of Tsibiri on the Usuman
River. No breeding of S. damnosum could be found
in that river, but surveys showed heavy breeding in
the River Wuye, which had commenced to flow
since larviciding began (at the time of the preceding
dry season treatments the small trickle of water in
the Wuye had been insufficient to support breeding
of S. damnosum). Six " token " treatments were
carried out on the River Wuye at each of three new
points (see Fig. 2)-namely, Giri (Point 10), Tungan
Jika (Point 9) and at the bridge on Keffi road
(Point 8)-with the same technique as before. A
drop in fly catches in the area in August suggested
that this measure had been a success.
As this treatment was carried out in the wet

season, for much of the time the rivers were too deep
to permit of breeding surveys being made, but in the
first week of August they were down sufficiently to
allow surveys to be made. No breeding could be
found in any of the rivers at this time, after the tenth
week of treatment. Earlier occasional surveys
showed that small larvae were still present after the
first week of treatment, but thereafter rapidly dis-
appeared. After the third week of treatment, no
breeding could be found at the Tapa Falls or on the
Iku at Abuja, and by the fourth week no breeding
could be found in the Usuman. It is noteworthy
that breeding was eliminated from just above
Kwango and at Pai on the Usuman, places where the

technical DDT had failed to affect them in 1957.
Breeding was also eliminated at Wagu on the Tapa,
where no reduction was previously obtained.

The 1959 treatment

Following the success of the 1958 treatments, it
was decided to use the same procedure in 1959 to
assess its possibilities as a routine measure. Due to
administrative difficulties, however, it was not pos-
sible to start before 1 June, six days later than the
previous year. It was found that this delay brought
the treatments into the period of very heavy rain
often experienced at the end of August and in con-
sequence very large quantities of insecticide were
required at this time. In fact, to treat the rivers in
August required 857 Imperial gallons (3893 litres) of
miscible liquid as against 831 gallons (3775 litres) for
the whole ofJune and July. Treatment at Mahapa had
to be postponed for two days on two occasions in
August as the scheduled times of treatment coincided
with thunderstorms in the area which resulted in the
river being unapproachable at that point. The
Usuman also presented another problem. On one
occasion at Gwagwa the flow was estimated at
5400 cusecs, requiring 168.75 gallons (767 litres) of
concentrate to treat at the required dosage rate.
This was clearly beyond the resources of the Unit;
not only were the stocks of DDT insufficient but
it was more than the available transport could carry
and would have required 21 delivery tins for its
application. Once again the treatment had to be
postponed for a day while the river subsided.
As a result of these delays, the complete treat-
ment period in 1959 covered 13 weeks instead of the
12 weeks originally planned. In no case, however,
did the interval between treatments exceed 10 days.

It was again found necessary to treat the Wuye.
Treatments at the same three points began on
16 July and continued until the end of the treatment
period on 27 August, making six treatments in all.
By the end of the first week of larviciding neither

larvae nor pupae could be found on the River Tapa
between Chauma and Tapa Falls, but were present
in small numbers on the Usuman and Iku. There-
after only very small larvae, but no pupae, could be
found in the rivers Usuman and Iku, and this con-
dition continued until the end of the fourth week.
During the fifth week of treatment, all larvae
appeared to be absent from the rivers but once again
the state of the rivers confined surveys to their banks
as it was impossible to reach the potential breeding-
sites in midstream.

501



J. B. DAVIES AND OTHERS

As in 1958, high fly catches between Tsibiri and Ki
(12 out of a total of 22 for the whole project area)
suggested that S. damnosum must be breeding in
River Wuye, but it was not until 12 July that breed-
ing was found there. This again ceased within two
weeks of the commencement of treatment of the
river.
By the middle of October, when the rivers could

be visited once more, the immature stages of S.
damnosum were found to be well established along
all the rivers concerned.

The 1960 treatment

From the success of the early wet season treat-
ments of 1958 and 1959, it was concluded that a

reasonable method for the control of S. damnosum
in the area had been devised. It was now hoped
to be able to place the control in Abuja on a routine
basis whereby it could be carried out by a local
administration without constant supervision by
an entomologist or other skilled staff. This would
enable the Unit to consider similar operations else-
where while the population continued to be protected
from onchocerciasis.
The technique used to date, however, necessitated

a high degree of supervision, entailing the estimation
of river discharge with a Watts current meter and
calculations to determine the quantity of insecticide
required. Experience had shown that it was beyond
the capabilities of the African staff to get consistently
accurate results by this method. It was therefore
decided to attempt treatments in 1960 on a purely
arbitrary basis. In addition, the costs of the wet
season treatments (see Table 3 below) were ap-
proximately double those of the dry season treat-
ments, the increase being due directly or indirectly
to the greater quantities of insecticide required
(see Table 1). A short trial carried out in the Tapa
River in November 1959 indicated that the DDT
miscible liquid applied at a dosage rate of 0.5 p.p.m.
p,p'-isomer over half the previous treatment time
(i.e., 15 minutes) would be effective for at least
8 miles (13 km) during the dry season. As a result
it was decided to use this reduced treatment time
in 1960 and thereby achieve a saving of half the
insecticide, with its attendant reduction in costs.
A figure termed the " standard dose " was cal-

culated for each of the seven main treatment-points
for each month of the treatment period, based on

the mean monthly discharge at each point during
1959 (for the purposes of this calculation the dis-
charges during May and June were assumed to be

constant, an assumption that was later shown to be
erroneous). On the basis of the standard dose, a

programme was made out before treatments began,
stating the date of each treatment and the quantity
of insecticide required for it. Except on one occa-
sion, described below, this programme was strictly
followed. It was realized that considerable over- or

under-dosing might occasionally occur, but it was

not known to what degree this would take place.
At the same treatment-points as in 1959, larvicid-

ing began on 9 May, use being made of the standard
dose technique with the aim of giving a dosage rate
of 0.5 p.p.m. p,p'-isomer DDT over a period of
15 minutes. A 25% miscible liquid was again used
and applied by the same technique as in the previous
years except that no replenishing tins were required.
As a check on the actual dose rate applied, flow
measurements were made throughout the treatment
period, and the relationship between the actual
dosage and the theoretical dosage of 0.5 p.p.m. is
shown in Fig. 4. In general, the river discharge was

considerably over-estimated in May in the Tapa
and Iku rivers, while the treatments on the Usuman,
with one exception at Gwagwalada in the fourth
week, gave a dosage rate of between 0.5 p.p.m. and
1.0 p.p.m. In contrast the discharge in July was

FIG. 4
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under-estimated, with most dose rates lying between
0.1 p.p.m. and 0.4 p.p.m. The over-all mean dose
rate was 1.14 p.p.m. (S.D. = 1.38 p.p.m.) with the
upper and lower limits at 6.6 p.p.m. and 0.08 p.p.m.
The mean of all treatments at Gwagwalada on the
Usuman was 0.56 p.p.m., but where the rivers were
smaller and more likely to fluctuate the means were
less accurate, being 0.375 p.p.m. at Gwagwa, 1.54
p.p.m. at the Tapa Falls and 2.10 p.p.m. on the Iku
at Abuja.
By the end of the first week of July, S. damnosum

had again established itself in the Wuye. This time
it was decided to treat the river with dieldrin, using
the same technique and treatment-points as in 1959.
A miscible liquid containing 20% dieldrin was
applied at a dose rate of between 0.29 p.p.m. and
0.27 p.p.m. over a treatment time of 15 minutes.
Three treatments were made at each of the three
points on the Wuye, commencing on 12 July and
ending on 28 July, and were successful in eliminating
the immature stages of S. damnosum from the river.
The interval between all treatments made in 1960

was seven days, with one exception; transport
failure in late June resulted in one series of treatments
being delayed by two days. Pupal surveys imme-
diately following this treatment did not reveal any
renewed breeding of S. damnosum.

Larvae and pupae of S. damnosum were found at
the Tapa Falls after the fourth treatment of that
river. Subsequent to the fifth treatment, immature
stages were eliminated during the remainder of the
larviciding programme. Larvae were found upstream
of the Kwango treatment-point following the first
three treatments from Gwagwa, but were not found
after the fourth treatment. Surveys to about 5 miles
(8 km) below the Abuja treatment-point showed that
breeding had been eliminated, at least over this
portion of the Iku, during May and June. No
immature stages were found in the Wuye after
larviciding started.

In July swift flooded rivers made regular pupal
surveys impossible, although spot surveys were
conducted whenever river conditions allowed. No
breeding was found during these surveys.
At the end of the treatment period (27 July) it was

decided to continue the breeding surveys on the
treated rivers in an attempt to determine the rate of
reinvasion, once larviciding had ceased. These
surveys could only be carried out as river conditions
permitted.

S. damnosum pupae were found on the Pottery
Rapids, just below the Abuja treatment-point,

12 days after the last treatment in the Iku River,
but not at the Maiyanka Falls, 1.5 miles (2.4 km)
downstream, where breeding was not observed until
13 October.
On the River Tapa the first simuliid pupae were

observed at Gwachipe 14 days after the last treat-
ment. Twenty-one days after treatment a few S.
damnosum larvae were found at Gwachipe and both
larvae and pupae at Wagu. After 23 days larvae and
pupae were very numerous at the Tapa Falls.
Twenty days after treatment immature S. damno-

sum were absent from the River Usuman at Chu-
kuku, although other simuliids were present. On the
same day two S. damnosum pupae were found at Pai
and larvae at Dabi. S. damnosum was not found at
Gwagwa until 5 October (70 days after treatment)
and at Kwango on the following day. Surveys at this
point had been exceedingly difficult to carry out and
breeding may have been overlooked.
Hence reinvasion was confirmed as being rapid.

It is possible that the extremely rapid occurrence of
S. damnosum at the Pottery Rapids was due to re-
invasion from an uncontrolled breeding-site above
the treatment-point (see below). On the Tapa, the
Falls were reinfested by the 23rd day, some 10 or
11 river miles (16-17 km) from the Gurara, while in
the same period S. damnosum had reinfested the
Usuman as far as Dabi but had not reached Chu-
kuku. Considering this, it is surprising that Gwagwa
was not reinfested in less than 70 days.
The fly-round data for June and July 1960 showed

that more flies were being caught on the fly-round to
Tsibiri (No. 4 round) than elsewhere in the control
area. It was believed that the fly density would
decrease after the treatments of the Wuye, which
can be seen to lie close to several points on round 4
(Fig. 3). Fly-rounds in August did not show the
expected fall in density between Zuba and Tsibiri
and it was decided to survey all the tributaries of the
Usuman between Dabi and Tsibiri. Heavy breeding
of S. damnosum was found to extend from the outfall
of the River Wushe (see Fig. 2) to about 1.5 miles
(2.4 km) upstream. Although the survey was con-
ducted in the middle of August, when the tributaries
were in full flood, breeding of S. damnosum was not
found in any of the other tributaries and it was
concluded that this must be the only source of adults.
The survey of tributaries continued and included

many of the larger streams in the control area.
Tributaries of the Tapa, entering that river from the
north and from the south, were investigated from
Laiba downstream to Wagu, and streams crossing
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the Keffi road were surveyed. All were clear of
immature stages of S. damnosum. When the Iku
was surveyed upstream of the treatment-point,
larvae and pupae of S. damnosum were found at a
point near to the fly-catching point at Rafin Pa.

It is now certain that breeding in the upper Iku
occurred during the treatment period and that when
larviciding stopped larvae were carried downstream
to reinfest the Pottery Rapids. This explains the
very rapid return of breeding to the controlled part
of the Iku, as recorded above.
The effect of the Wushe breeding-site on the

reinfestation of the Usuman is less clear, because the
river was impossible to survey near the outfall of
the Wushe for many weeks following the end of lar-
viciding. Fly density continued high on fly-round 4
during September but started to fall in October. This
corresponded to a reduction in the level of breeding
in the Wushe as the flood went down.

EFFECTS OF TREATMENT ON FLY DENSITY

At the time that the scheme was started no satis-
factory means had been developed for assessing the
population density of the immature stages of Si-
muliidae such as was later devised by Wolfe & Peter-
son (1958), so that reduction in larval density as a
result of insecticidal treatment could not be measured
with any precision. It should also be remembered
that the ultimate aim of any Simulium control scheme
in Africa is to reduce the density of the vector of
onchocerciasis in order to protect a population. It
was thought that it was logical, therefore, to assess
the result of larval control by its effect on the adult
fly density.
The number of flies settling to bite a human bait

per boy-hour has been found to be a reasonably
suitable, though no doubt imperfect, means of
estimating the density of adult S. damnosum. It was
therefore thought that the success of the control
measures could be best assessed by a comparison of
the pre- and post-treatment adult fly densities over
the control area.

In Northern Nigeria, adult females of S. damno-
sum are abundant in the wet season from about May
or June until November, and very scarce (or at
least difficult to find) in the dry season from De-
cember to April. This applies even in areas where
there is continuous breeding throughout the year
in perennially flowing rivers. As the fly density is
normally very low in the dry-season months, it was
thought that the discovery of very low or nil density

in these months, following the application of control
measures, would not necessarily indicate that the
treatment had been successful. It was therefore
decided to restrict the observations on the adult
density principally to the wet-season months, in
which a reduction in density after treatment would
be more likely to be readily apparent, and observa-
tions were accordingly made from June to De-
cember each year.
The data on adult density are presented in histo-

gram form in Fig. 5. The data were obtained from
the fly-rounds shown in Fig. 3. They are summarized
for Abuja township, as sampled by fly-round No. 1,
as an indication of the adult density in the centre of
the area, and for the entire project area from the
results of all fly-rounds including Abuja township. It

FIG. 5
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was thought that if similar fluctuations in density
occurred from month to month in both the township
and the whole area, it would serve to confirm whether
it was legitimate to aggregate the results from indivi-
dual catching-points into a project area total, and to
consider the whole area as a single unit. Inspection
of Fig. 5 shows that very similar fluctuations did
in fact occur in Abuja and the whole area. It would
have been desirable to establish an observation site
well outside the project area, so as to assess the
normal density prevailing during the control periods
in an area which had not received insecticidal treat-
ment, but practical difficulties prevented this.

It will be seen that after the treatments in 1956 the
fly density did not reach as high as 1.0 fly/boy-hour
in any month in either the whole project area or in
Abuja township, although in October 1956 the
density was higher than in other months, possibly
because by this time (the end of the rains) some
reinfestation of the cleared breeding-grounds from
the uncleared stretches farther downstream had
occurred, or because there had been some influx of
flies from the untreated periphery of the project
area. The rise in October occurred in Abuja town-
ship as well as the whole project area, although in
August in the town no flies had been caught in
48.5 boy-hours. It will be seen that this rise was
short-lived and the density had dropped again to a
very low level in November and lower still in De-
cember, once the dry season had returned.

In 1957, the results were less encouraging. Al-
though fly density was very considerably lower than
that existing in 1955 before treatment, it was a great
deal higher than in 1956, but it is certain that the
control in the breeding-grounds had not been nearly
as complete in 1957 as it had been in the previous
year and there is little doubt that higher numbers of
flies in the rains of 1957 were the result of inadequate
control of the larvae.

In 1958 the fly catches during May, June and July
were most encouraging. Following the change to
miscible liquid combined with the later treatment
period, only 31 flies were caught in 300 boy-hours,
giving a density of 0.103 fly/boy-hour over the three
months. In July, 13 S. damnosum adults were caught
in 85.5 boy-hours over the whole area, but of these
11 were taken between Tsibiri and Ki on the Usuman
and were presumed to have come from the River
Wuye. In August, after the Wuye had been treated,
only 5 flies were caught in the whole project area in
124.5 boy-hours (density: 0.04 fly/boy-hour). Four
of these five were from Gwachipe near the uncon-

trolled Gurara River (see Fig. 2) and no more were
to be found near the Usuman River, indicating that
the treatments in the Wuye had been successful.

Apart from the four flies from Gwachipe, whose
presence can be explained, only one fly was caught
in the entire area during August, giving the highest
degree of control obtained so far. Following the
end of the treatment period the adult density in-
creased to 0.96 fly/boy-hour in October and there-
after declined.

Similarly the degree of control obtained in Abuja
township was the best so far, with adults completely
absent during July and August. In September and
October, the fly density increased as expected, but
did not exceed 1.21 flies/boy-hour.
As the treatments in 1959 were designed to be a

repetition of those in 1958, it was not surprising that
the resulting control of adult density was very similar
to that of the previous year. Once again, initial
control in June was good. In July, 19 out of 22 flies
caught over the whole area in 35.6 boy-hours were
from the Tsibiri-Ki area on the Usuman River and
were again attributed to the River Wuye. No flies
were caught anywhere in August in 30.0 boy-hours,
once again suggesting that the treatments in the Wuye
in July had been successful. This figure also repre-
sented the highest degree of control achieved up to
that time, but because of the small number of hours
worked in August that year the result may be doubt-
ful.

Because of increases in staff in 1960 it was possible
to carry out the fly-rounds concurrently with the
larviciding during June and July, instead of fitting
in the fly-rounds when a break in the larviciding
timetable permitted. In addition, five catchers were
used on most patrols in place of the customary
three catchers in previous years. In spite of this
increased vigilance the fly density over June and
July compared favourably with 1956 and 1958. The
sudden rise in August is attributable again to the
Tsibiri-Ki area on the Usuman River, but in this
case could hardly be due to breeding in the Wuye as
this river had just been treated and, as far as breeding
surveys could demonstrate, was free from immature
stages of S. damnosum. Towards the end of August
the origin of these flies was found in the River Wushe,
a small tributary of the Usuman (see page 503).
During October the fly density rose sharply,

especially in Abuja township, where the monthly
density was due to a number of high catches,
suggesting very localized, transitory heavy densities.
On one occasion, six catchers caught 35 flies in
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TABLE 2

SUMMARY OF THE ANNUAL MEAN DENSITIES OF ADULT SIMULIUM DAMNOSUM CAUGHT IN ABUJA TOWNSHIP
AND OVER THE PROJECT AREA IN THE PRE-CONTROL YEAR OF 1955 AND CONTROL YEARS OF 1956 TO 1960

Prolect area Abuja township
Year No. of Cotrl No.ofCotlS. damnosum Boy-hours Density a | S. damnosum Boy-hours Density a |CoWntrob

caught ~~ ~ caught %

1955 2241 252.25 8.884 - 1189 120.0 9.826 -

1956 216 667.0 0.324 96.35 71 332.25 0.214 97.82

1957 2 033 1363.5 1.491 83.22 978 640.25 1.442 84.45

1958 412 1030.5 0.400 95.50 253 524.75 0.482 95.10

1959 494 649.1 0.761 91.43 142 320.25 0.443 95.49

1960 1 937 1977.5 0.980 88.97 536 682.5 0.785 92.01

a Mean density is calculated as No. of flies caught.dPrensitya calculated=10Boy-hours

bPercentage control = 10- Density x 100
Density 1955

15 minutes, giving a density of 23.33 flies/boy-hour
over that period. Similarly, in mid-October a den-
sity of 8.6 flies/boy-hour was recorded for fly-round
3, most of which was attributable to a very high
catch at Gwagwa Plantation. Over the six months,
Gwachipe (fly-round 2) produced 46% of all the
flies caught on this round. High catches at this
point had previously been explained as coming from
the uncontrolled Gurara River nearby, but it is
surprising that the adjacent point of Wagu, which
is nearer to the Gurara, produced only very small
fly catches during 1960, when in 1959 the catches
had been almost equal at these two points.

Inspection of Table 2, comparing the mean annual
densities of adult S. damnosum in the control years
with the pre-control year of 1955, shows that the
degree of control achieved was considerable. Even
in 1957, when the treatments were considered to be a
partial failure, there was a reduction in density of
83 %. It should be remembered that the figures for
the project area include catches from points such
as Gwachipe and Wagu, which may possibly be
infested by flies from the neighbouring Gurara
River (not treated) and therefore not altogether
dependent on the treated rivers for their Simulium
populations. Taking Abuja township as the centre
of the area, there was a reduction of 84.45% in 1957,
while in other years the control did not drop below
92%, with a reduction in 1956 of 98%.

COST OF THE CONTROL PROJECT

By far the major part of the expenditure for the
project was related directly or indirectly to the
application of the larvicide. The follow-up observa-
tions required very little over and above the normal
recurrent expenditure on staff. The expenditure on
the project for 1956 to 1960, exclusive of personal
emoluments and allowances of departmental staff,
is summarized briefly in Table 3.
The construction of the motorable tracks cost a

little under £39 per mile in 1956.1 In the following
years, expenditure was mainly on the maintenance
of these tracks-for instance, rebuilding bridges that
had been washed away during the preceding wet
season. The steady increase in expenditure on this
item is partly explained by the rise in the labour wage
from 2/ld. per day in 1956 to 3/- per day in 1960;
also the roads received far greater wear during
the wet-season treatments of 1958-60 and required
a higher standard of preparation.
The high cost of the DDT miscible liquid when

compared with the technical DDT in diesel oil is at
first sight misleading. Technical DDT was used in
the dry season when the rivers were low but cost £4
1Ss. 8d. to treat 100 cusecs of discharge compared
with £3 Os. 6d. with 25% miscible liquid at the con-
centrations employed.

1 £1=US $2.80.
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TABLE 3
COST OF THE ABUJA EXPERIMENT FOR CONTROL OF SIMULIUM DURING THE PERIOD

FROM JANUARY 1956 TO DECEMBER 1960"

Costing item J 1956 [ 1957 [ 1958 1959 1 1960

Application of larvicide:

Labour for road construction £421 £ 154 £240 £340 £429

Labour for application £45 £ 39 £199 £220 £218

Diesel oil £153 £268 _ _

Technical DDT plus freight £234 £ 357 - -

DDT miscible liquid plus freight - - £1 165 £1 688 £478

Running and maintenance of Land-Rover £70 £94 £133 b £195 b £185

Total for application of larvicide £923 £912 £1 737 £2 443 £1 310

Post-treatment fly-rounds and breeding
surveys:

Running and mainienance of Land-Rover £132 £ 138 £167 £135 £214

Total for scheme ] £1055 j £1050 £1904 [£2578 £1 524

aE£1 = US$2.80.
b During 1958 and 1959 two Land-Rovers were required for transport during larviciding. In al

others years only one Land-Rover was used.

The high cost of running and maintaining the
Land-Rover in 1960 was due to the fact that that
particular vehicle had been with the Unit since 1957
and was constantly in need of repair. It is estimated
that the economic life of a Land-Rover employed
on this scheme is from two to three years.
The use of a 15-minute treatment time and the

standard dose technique in 1960 served to halve the
increasing costs of the scheme, representing a saving
of a little more than £1000 over the previous year.
With an estimated population of 32 000 protected
by the scheme, the application cost in 1960 of £1310
represents a cost of 9/8d. per head.

Tools for construction of tracks, i.e., picks, shovels
head-pans, axes and matchets, were obtained from
medical department stores and no capital expenditure
was incurred on this item, or on scales, ropes and
other equipment used in application of the larvicide.
The Watts current meter used for measurements of
river discharge was bought for use in Simulium
control and together with accessories cost £141.

DISCUSSION

Following the first two treatments of 1956 and
1957, Crosskey (1958) concluded that:

1. Reinvasion of controlled stretches of river was
very rapid and breeding was completely re-estab-
lished after six months; reinvasion was along the
rivers rather than across country.

2. Control was best achieved when the river was
flowing well, but once it became broken into se-
parate pools, the larvicide would be held up and
rendered ineffective by overdilution.

3. In an area of 1200 square miles (3120 kmi)
control to a degree of 90% was possible, but eradica-
tion was very unlikely, mainly owing to constant
reinvasion from outside the controlled area.

The work of the three following years has con-
firmed these conclusions and has shown that the
degree of control achieved each year is by no means
constant (depending considerably on the state of
the rivers and particularly on the period of the
application).

In an area such as Abuja, where there is one
definite rainy season of about six months' duration,
there are three periods in the year when treatments
could be considered.

First, there is the late dry season (February-April).
From all practical aspects this would be the best
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period for treatment since it affords the maximum
accessibility to the rivers (which are themselves at a
minimum) and requires the least insecticide with
attendant low costs. There are, however, two main
objections to this period of application. Experience
has shown that the rivers may not be flowing suffi-
ciently to ensure adequate control, as was found in
Abuja in 1957 and also in the Mayo Kebbi scheme
(Taufflieb, 1956). Secondly, the fly is being attacked
when the population is at its natural minimum and
with the rapid reinvasion observed may well be
re-establishing itself by June-August, the period of
maximum increase. In retrospect it was probably a
combination of these two factors which led to the
relatively poor control in 1957.

Secondly, treatment may be made in the early
wet season (May-July). From the population aspect
this is the most favourable period for control.
Inspection of Fig. 5 will show that from June to
August the fly population is at its maximum rate
of increase and therefore any reduction in population
at this time should have a maximum effect on the
wet-season population as a whole. In addition,
there is no time-lag between the end of the treatment
period and the period of population increase during
which reinfestation of the rivers could occur. A
further point is that fly-rounds can be used as an
indication of the degree of control achieved while
treatments are actually taking place, as instanced by
the discovery of breeding in the rivers Wuye and
Wushe in July from 1958 onwards.
The timing of the treatment period at this season

is, however, very critical, as the beginning of the
rains cannot be predicted with any great accuracy
and frequently a few heavy storms in April or early
May will cause the rivers to rise, after which they
may drop again until the real onset of the wet season
in late May. It is also important not to leave the
treatments until too late, as larviciding in the latter
part of August, when the rivers are in spate, may
require very large quantities of insecticide indeed
for adequate treatment. As a result of commencing
the 1959 larviciding one week later than in 1958
approximately one-third more insecticide was
required to treat the rivers at the same dosage rate,
and discharges as high as 5400 cusecs were recorded
on River Usuman. In addition, during the height of
the rainy season, smaller streams may sometimes
become enlarged sufficiently to support S. damno-
sum.
The practical difficulties of larviciding in the early

wet season were not as great as was originally

feared. The motorable tracks stood up remarkably
well and with miscible liquid the actual dispensing
of the insecticide was usually quite simple.
The third possible treatment period is the early

dry season (November-January). As the rivers
decline at the end of the wet season much more
slowly and at a steadier rate than that at which they
rise at the beginning, it could be suggested that this
might be the ideal time for the control of S. damno-
sum in this area. This treatment period would have
the great advantage that the behaviour of the rivers
could be accurately predicted, as after an initial
sharp drop they remain at a reasonably steady level
from November until January.
There are three main objections to this period.

First, the fly population would be attacked during
a period of natural decline, making an immediate
assessment of the effect of control very difficult.
Secondly, the population would have a period of
five months (February-June) in which to recover
before the next wet season and it is the wet-season
population that is important in the transmission of
onchocerciasis. Thirdly, there would not be suffi-
cient time between the end of the rains and the
commencement of larviciding to repair the motorable
tracks, which certainly would not be passable after
a whole wet season.
How much of the success of the 1958 and 1959

treatments can be attributed to the use of miscible
liquids in place of technical DDT is difficult to assess,
as two other factors undoubtedly had a considerable
effect on the efficiency of the treatment. The rate
of flow of the river is of the utmost importance in
providing an uninterrupted flow to carry the insecti-
cide and as this is invariably linked with high turbi-
dity the factors due to each state are almost insepara-
ble. That the presence of silt in the river water
increased the effectiveness of the insecticide by acting
as a stomach poison to the larvae there is little doubt
(Fredeen et al., 1953), and it is considered that the
insecticide probably becomes rapidly adsorbed on
to the silt particles in the river water during the
application and that elaborate mixing with clay
(Noel-Buxton, 1956) is not necessary. It is interesting
to note that, although the concentrations of insecti-
cide used in the latter part of the 1960 treatment fell
well below the theoretical mean of 0.5 p.p.m., on
no occasion did the concentration drop below
0.07 p.p.m., the minimum estimated by Noel-
Buxton (1956) to be required to destroy Simulium
larvae, although Muirhead-Thomson (1957) estim-
ated the minimum lethal concentration (LC1oo) of
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DDT to S. damnosum larvae in Liberia to be 0.01
p.p.m.

S. damnosum breeding surveys were difficult
to undertake towards the end of the treatment
period in 1960, but no evidence of any Simulium
breeding could be found during the last month of
larviciding, a fact which tends to lend weight to the
supposition that, when the rivers are high and turbid,
less and not more insecticide may be required than
in the dry season, and that wet-season treatment may,
in fact, prove economical if the concentration can be
reduced sufficiently. Reference to Table 1 shows that
there was a considerable reduction in the weight of
active ingredient (p,p'-isomer) applied during the
wet-season years of 1958-60, and in 1960 the weight
of the p,p'-isomer actually applied was only a little
greater than that applied in 1956 during the dry
season, although the cost of the formulation was
nearly £100 greater.
With regard to the effect of the treatments on the

breeding of S. damnosum, it is significant that in the
last three years all breeding ceased to be discernible
after four to five weeks of larviciding. Up to this
time small larvae could be occasionally found in the
rivers, but after this period no immature stages of any
kind could be found. It is thought that this might
indicate that the active life of the adult S. damnosum
female might be from four to five weeks.
On only a few occasions was the centre of the

control area free from S. damnosum; no flies were
caught there in August 1956, 1958 and 1959 or in
July 1958. The nearest point of the uncontrolled
River Gurara is only some 12 miles (19 km) from
Abuja township, possibly within flight range, and

flies collected in the centre of the control area may
have come from this uncontrolled source.
From the conclusions of Crosskey (1958) and the

results obtained in 1960, it would seem that reinva-
sion occurs mainly along the rivers (especially in
the case of the River Usuman) and that in the wet
season most rivers have breeding established at a
low level by 20-23 days after the end of the treatment
period. There is as yet no direct evidence of re-
invasion across country, although the commence-
ment of breeding of S. damnosum on the River Tapa
appears to be simultaneous along most of its length.

In general, it has been shown that control of S.
damnosum to the extent of 90% can be achieved by
the addition of DDT to the river water, by the
methods described, over an area of 1200 square
miles (3120 km2). The early wet season has been
shown to be the best season for this control and, in
the light of the 1960 results, it may be that the con-
centrations used, which were originally based on
dry-season treatments, are in fact higher than ne-
cessary. Bearing in mind also that in May 1956,
when the rivers were beginning to rise, the larvicide
was found to be effective from Chauma to Gwachipe
on the River Tapa and from Gwagwa to Tsibiri on
the River Usuman, it may be possible to reduce the
number of treatment-points again to the four
used in 1956. This, together with a reduction in
concentration of insecticide, may reduce the cost
of control to a level that could be met by a local
administration, although costs have already been
reduced (in 1960) to a stage where the cost of the
insecticide represents only one-third of the total cost
of the control scheme.
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RtISUMf

Pendant la p6riode 1956-60, le DDT a ete utilise larvaires sur environ 140 km des trois cours d'eau au
comme larvicide dans les cours d'eau de l'Emirat d'Abuja lit rocheux qui baignent ce territoire. Le choix de cette
afin d'etudier exp6rimentalement les moyens de lutte region a ete oper6 afin d'6valuer la possibilit6 de lutte
contre S. damnosum. Cette simulie trouve des gites dans une r6gion non isol6e d'autres foyers de simulies.

7
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Pendant les deux premieres annees, on a eu recours A
des applications de DDT technique dans du gas-oil, de
facon A obtenir une teneur moyenne de 1,4 p.p.m. de
DDT pendant 30 minutes et une teneur reelle de 1,0
p.p.m. pendant 30 minutes a la fin de la saison seche,
lorsque les gites larvaires sont tres peu nombreux.
En 1956, la densite moyenne de mouches a e ainsi
reduite de 96,4% par rapport a l'annee pr&cedente.
Cette reduction n'a ete que de 83,2% en 1957 en raison
du niveau exceptionnellement bas des cours d'eau.
Pendant les troisieme et quatrieme annees, une prepa-

ration liquide de DDT A 25% a ete appliquee au debut
de la saison humide de facon a obtenir une teneur en
DDT de 0,05 p.p.m. pendant 30 minutes; la densite de
mouches a ete reduite de 95,5% en 1958 et de 91,4% en
1959.
En 1960, les cours d'eau ont ete traites avec une dose

standard d'une preparation liquide de DDT A 25%
calculee pour donner une concentration de 0,5 p.p.m.
pendant 15 minutes. L'insecticide etait applique sans
tenir compte du regime de la riviere au moment de

I'application. Contrairement aux previsions, les teneurs
en DDT effectivement obtenues ont varie entre 6,6
p.p.m. et 0,08 p.p.m. (moyenne 1,14 p.p.m.). Neanmoins,
la densite moyenne de mouches a ete reduite de 88,9%.
Cette m6thode ne necessitait plus l'emploi de moulinets
pour calculer le debit des cours d'eau et permettait
ainsi d'effectuer les operations suivant des procedes de
pure routine que l'on esperait pouvoir faire appliquer par
du personnel africain non specialise.

Les avantages des differentes periodes de l'ann6e
convenant aux operations de lutte contre les simulies
sont discutes en fonction de l'efficacite, du cofit, et de la
facilite d'application. Quelques particularites sur l'etat
des cours d'eau et le comportement du DDT en eau
turbulente sont envisagees en fonction de la saison
choisie et des suggestions sont faites en ce qui concerne
d'eventuelles modifications techniques. Dans le territoire
considere, le debut de la saison humide est la periode
qui convient le mieux aux operations; il est preferable
d'utiliser la preparation liquide de DDT en raison,
surtout, de sa facilite de manipulation et d'application.
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