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SYNOPSIS

S. neavei, the vector of onchocerciasis, has been virtually eradi-
cated from Kenya by larviciding measures in which DDT was used.
Only a very small area remains infested and this is in the course of
being treated by the Uganda medical authorities as it is part of a
much larger focus occurring in that country. An account is given
of the various surveys which have been carried out during the last
ten years in Nyanza Province, involving 15 000 square miles (about
40 000 kM2), and survey techniques are described. An account is
given of the eradication measures carried out in North and South
Nyanza, and techniques in connexion with dosing and checking
operations are described. Costs for both surveys and eradication
schemes are given, and minimum requirements for transport are
indicated.

Onchocerciasis in Kenya is confined to Nyanza Province in the west
and its vector was Simulium neavei (Roub.). S. damnosum (Theo) was also
present in some of the affected areas but it was not widespread and was
restricted to a few small, well-defined foci in some of the larger rivers; in
any case it played no part in the transmission of the disease as it very rarely
came to feed on man.

In recent years extensive surveys have been carried out in order to
ascertain the distribution of S. neavei with a view to eliminating it. The
surveys revealed that this was not an impossible task and larviciding cam-
paigns were undertaken at various times as a result. An account of these
is given in the following pages and although they were directed mainly
against S. neavei they could be used with certain modifications in areas where
S. damnosum is the sole vector. Larviciding measures have in fact been
used in Uganda recently against S. damnosum in the upper reaches of the
Nile.

Various notes and observations are included in the Annexes for con-
venience because, although they have a direct bearing on both surveys and
eradication measures, they do not readily fit into the text.
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Historical Review

The existence of S. neavei was first observed by S. A. Neave in 1911 in
the Kakamega district. Dry collected more specimens at Ngoina, near
Kericho, in 1922. In 1939 Symes and Cormack captured S. neavei in large
numbers in the Kodera district, near Kisii, shortly after the discovery of
onchocerciasis by Harris and Timms in that area.

An intensive survey was carried out in Kodera by McMahon in 1939,
and subsequently Buckley, during the period 1941-44, made intensive
studies of the worm (Onchocerca volvulus) there and elsewhere. He also
initiated a bush-clearing experiment, which resulted in the elimination of
S. neavei from a small infested pocket at Riana, near Kisii. The successful
outcome of this experiment was of importance although of somewhat
limited practical application insofar as this method could only be used in
small foci; large wooded areas such as the Kakamega/Kaimosi forest could
not be dealt with in this manner. Nevertheless, it was of more than academic
interest in that it served to show that S. neavei could not exist except under
certain optimum conditions.

In 1946, Garnham and McMahon successfully eradicated S. neavei
from the Kodera district with the aid of DDT dripped in rivers, and it was
thought, in consequence, that the stage was set for the complete elimination
of the vector. Accordingly, in early 1947, a large-scale survey, which lasted
for nine months, was initiated in the Kakamega/Kaimosi area, in North
Nyanza. Larviciding commenced in November of the same year but,
because of incomplete knowledge concerning the bionomics of the fly, was
subsequently to prove a failure.

In early 1950, the early stages of S. neavei were found to be breeding
in phoretic association with a freshwater crab (Potamonautes niloticus) by
McMahon in the Kipsonoi river, near Kericho, and, as a result, it became
clear that a complete resurvey of the Kakamega/Kaimosi area was necessary
before any further attempts at eradication were made. The subsequent
survey showed why the 1947 scheme failed: large numbers of tributaries
and small streams in forested areas where adult S. neavei were previously
captured in abundance did not harbour the earlier stages and, what was
more important, rivers outside the forests not included in the original
dosing scheme did. The survey was extended outwards, in all directions,
in order to ascertain the limits of breeding and, as it progressed, confusion
was experienced as breeding was found to be taking place, contrary to
expectations, in areas which were completely devoid of vegetation. Sub-
sequently it was discovered that S. nyasalandicum, a closely allied species,
was the species concerned. Later, S. woodi was found in the exhalant
chamber of the crab P. niloticus (see Annex 4, page 104). When this survey
was almost completed, and plans for larviciding were in the course of
preparation, a new focus was discovered in the Kimilili district, North
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Nyanza, in the region of Mount Elgon. Further investigation proved that
the main area of infestation was in Uganda. The Uganda medical author-
ities were asked to co-operate but were unable to do so at such short notice.
It was considered unwise to proceed with the original plan because it was
uncertain what effect the Elgon focus, if left untreated, could have on the
Kakamega/Kaimosi area and, therefore, the proposed larviciding opera-
tions were temporarily postponed.

In the meantime, in early 1952, surveys commenced in South Nyanza
where it was known that two major foci still existed: the Kipsonoi and the
Kuja river areas. Two other small pockets (Kodera and Riana) had already
been dealt with, but it was essential to ascertain that no other foci existed
before preparing a plan of disinfestation. The survey began in March and
lasted for seven months. No new areas of infestation were discovered but
the original foci were found to be much larger than was at first supposed.
Larviciding measures commenced in October and continued until January
1953. They were completely successful as S. neavei has remained absent
since that time.

Later on, in 1953 and 1954, further investigations were carried out in
North Nyanza with the object of ascertaining whether there existed a link
between the two foci (Elgon and Kakamega/Kaimosi) by which S. neavei
could move from one to the other. The results of these surveys indicated
that no connexion, direct or indirect, existed and, therefore, we were able
to implement our original plan involving the Kakamega/Kaimosi area only.

Larviciding commenced in September 1954, and continued for a period
of three months until the end of December. All rivers were treated with
DDT at the rate of 0.5 p.p.m., but streams were dosed with higher concen-
trations for reasons that will be given later. Adult catches and searches for
the earlier stages remained negative for nearly a year, until December 1955,
when the upper reaches of the Yala river were found to be infested. A rapid
and intensive survey indicated that all other rivers were still free and it was,
therefore, possible to introduce a modified dosing scheme confined solely
to the Yala and its tributaries. These measures commenced in February
1956, and terminated in the following May. Since that time S. neavei have
not been captured, neither have the earlier stages been found in the vicinity
of the Yala. Similar negative results have been achieved in all other rivers
treated during the 1954 campaign and it would appear, therefore, that
S. neavei has been finally eradicated from this area also.

Description of the Endemic Foci in Nyanza Province

Nyanza is the most westerly Province of Keaya and is approximately
15 000 square miles (40 000 km2) in area, extending some 150 miles from
north to south and 100 miles from east to west. It is bounded on the east
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by the Rift Valley Province, to the south by the Tanganyika border, to the
west by Lake Victoria and the Uganda border, and to the north by Mount
Elgon. Its altitude varies considerably, from 3730 feet (1135 m) at lake
level to 14 010 feet (4270 m) at the summit of Mount Elgon. Generally
speaking, the average altitude is in the region of 4000-5000 feet (1200-
1500 m) in the western half of the Province and 6000 feet (1800 m) in the
east. The climate varies according to the altitude, being hot and humid
at lake level and relatively cool and dry in the east. The province is well
drained by a system of rivers running westwards into Lake Victoria Nyanza,
including the rivers Nzoia, Yala, Nyando, Sondu, Kuja and Gori.
A number of tribes live in the Province and the Jaluo, of Nilotic origin,

can be said to predominate; they occupy the lacustrine plains and their
main occupations are fishing and farming. The principal tribes of North
Nyanza are the Wa-Kakamega and the Wa-Kitosh who are mainly agri-
culturists of Bantu origin; on their eastern borders the Hamitic Wa-Nandi
exist, at one time a nomadic cattle tribe but now settling down to crop-
raising. The central area of South Nyanza is occupied by the Kisii tribe

FIG. 1. FOCI OF ONCHOCERCIASIS IN NORTH NYANZA
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FIG. 2. FOCI OF ONCHOCERCIASIS IN SOUTH NYANZA

who are agriculturists of Bantu stock, and to the east, in the region of the
Kipsonoi river, the Kipsigis live. This latter tribe is related to the Wa-Nandi
in the north and it has similar origins and history.

Various tropical diseases occur. Malaria is widespread and is hyper-
endemic in the region of the lake, while in the east it can be said to be of
an epidemic nature. Sleeping sickness occurs at various points along the
whole of the lake shore, including the Kavirondo Gulf and the lower reaches
of most of the main rivers. Bilharziasis occurs in the west, mainly below
the 5000 feet (1500 m) contour, and is more common near the lake shore
and the surrounding low-lying country. Plague existed in an epidemic
form, but in recent years only a few minor outbreaks have been reported.

Onchocerciasis exists in three main foci. The first, and most recently
discovered, is mainly in Uganda on the western slopes of Mount Elgon with
only a small extension into Kenya territory. The second, and by far the lar-
gest, is in North Nyanza and involves parts of the Kakamega and Kaimosi
districts. The third, which is really a collection of four foci, is in South

i
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Nyanza and includes the large Kipsonoi and Kuja river areas as well as
two very small foci, Kodera and Riana. The Riana focus is part of the
Kuja complex but there is no connexion between it and the main infestation.
The Kodera focus is in a small watershed entirely unconnected with any
other. A somewhat fuller description of the various foci is given below
together with details on surveys and eradication schemes which have taken
place in the last few years (see also Table I, p. 84).

Kodera
This is a small focus of some 65 square miles (170 kM2) and involves two

small rivers, the Sanda and Kitare, and part of the main river, the Awach
near Kodera. From this point the Awach flows into the Kavirondo Gulf
to the north, some 12 miles away. It is a small, compact watershed, distinct
from any other and, although it abuts on the Kuja basin, it is separated
from it by a distinct ridge. Sixteen miles of the Kitare and 9 miles of the
Sanda were infested where they ran through densely wooded country where
many small waterfalls and cascades occur between the 4300 feet (1300 m)
and 4900 feet (1490 m) contours.

Over 90% of the people living close to the rivers were infected with
onchocerciasis and many of them were blind. The local people were aware
of this as the area was known as the " Valley of the Blind ".

Investigations were carried out here at various times during the period
1939-44 by Buckley, Harris and McMahon. Later, in 1946, it was the
scene of the first successful eradication scheme when Garnham and
McMahon eliminated the vector S. neavei, by dripping DDT into rivers.
Although careful records were kept in connexion with all aspects of this
scheme, no attempt was made to estimate costs.

Frequent check surveys have been carried out since 1946, with negative
results, and there can no doubt that the vector has entirely disappeared.

Riana
This very small focus was discovered by Buckley in 1941. It is 10 miles

west of Kisii and some 6 miles south of the nearest part of the Kodera
focus. It is not more than 16 square miles (42 kM2) in extent and involves
the lower reaches of the rivers Yabi and Riana at a point just above their
confluence. Both rivers are well aerated as they contain many cascades
and a number ofsmall waterfalls. Until 1943 both rivers were very wellwooded
and although the area forms part of the Kuja system it was entirely separated
from other foci by flat, open country and shadeless streams.

No doubt the smallness of this area influenced Buckley in his choice of
sites when contemplating his bush-clearing experiments in 1943. By 1947,
presumably as a direct result of deforestation, the last fly disappeared and
none has been captured since that time. Insecticides were never used in
this area.
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Kisii-Kericho

The infested area in this region is really comprised of two separate foci,
but for all practical purposes they can be regarded as one. Jointly they
occupy 1150 square miles (3000 kM2) in South Nyanza and include parts
of the Kipsonoi and Kuja drainage systems. The Kipsonoi, which drains
part of the Kericho district, flows through rather rugged, well-wooded
country, and many waterfalls and cascades occur in it and its numerous
tributaries. The Kuja on the other hand flows through a flatter terrain
occupied by the Kisii tribe; the surrounding country is generally less rugged
and not so well wooded but cascades and waterfalls occur in its course.

Intermittent surveys were carried out by Buckley and McMahon during
the period 1939-44, and it was not until 1952 that a comprehensive survey
was instituted. This survey, which covered the whole of South Nyanza,
was completed in eight months and over 5000 square miles (13 000 kM2)
of country were investigated. No new foci were discovered but those
already known were found to be much larger than was originally
thought.

Eradication measures commenced in October 1952, and continued until
January 1953. Some 55 rivers and streams were treated with concentrations
of DDT at the rate of from 0.5 to 1.0 p.p.m. once in every 10 days for a
period of 3 months. In some of the smaller streams, particularly those
which contained trout, dosages of as low as 0.1 p.p.m. were employed with
excellent results. The last S. neavei was captured near the river Kipsonoi
in 1952 and since that time frequent adult catches and larvae searches have
been made with negative results. Nearly five years have now elapsed and
it is certain that elimination of the vector has been achieved.

Kakamega-Kaimosi

This, the largest focus, extends over an area of approximately 2000
square miles (5000 km2) in North Nyanza. Many large rivers flow through
it, including the Nzoia, Lusumu, Sasala, Isioka, Feradzi and Yala, as well as
numerous smaller ones. The terrain is rather flat but undulating, dropping
gradually from an altitude of 5800 feet (1770 m) at the foot of the Nandi
escarpment in the east, to 4300 feet (1310 m) near Mumias, a small trading
centre. The eastern half of the area is well-and in parts extremely densely
-wooded, and the rivers contain many cascades and waterfalls. On the
other hand, in the west, the country is much more open and densely popu-
lated; forests are in consequence much reduced and the rivers are fringed
with only narrow, discontinuous strips of bush and trees; cascades and
waterfalls occur less frequently. Nevertheless, S. neavei manages to maintain
itself under these rather austere conditions, but the density is very much
less than in the eastern half where conditions are ideal.
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Short, intermittent entomological surveys were carried out in this area
during the period 1939-1944, but it was not until 1947, soon after the suc-
cessful 1946 Kodera experiment, that the first comprehensive survey was
instituted. During the survey, which began in February and terminated in
November, reliance was placed, perforce, on adult catching as the breeding
places of S. neavei were unknown. Some 3000 square miles (8000 kmi2)
of country were investigated, and it was found that S. neavei occupied an
area of approximately 1500 square miles (4000 kM2).

Larviciding commenced in November 1947, and continued until April
1948. All rivers and streams in the suspected area were treated with DDT
at rates of from 1 to 2.5 p.p.m. every fourteenth day. Adult catches re-
mained negative for a period of 8 months, and when S. neavei reappeared in
the region of Kakamega township a modified dosing scheme was carried
out and was restricted to the Isioka, as this appeared to be the only river
concerned. Repeated dosings failed to eradicate the fly and when the
infestation was found to have spread to the Yala in 1949, further attempts
were abandoned for the time being.

In 1950, soon after the earlier stages of S. neavei had been found breeding
in association with crabs, it was decided to make a resurvey paying par-
ticular attention to the breeding places. During the following year, when
the survey, which eventually covered over 6000 square miles (15 500 kM2),
was nearing completion, the nearby Elgon focus was discovered and this
caused a postponement of the proposed eradication scheme. Subsequent
investigations carried out in 1953 and 1954 revealed that the new focus
was a distinct entity and, therefore, need not be included in the original
scheme. Once this had been decided plans were immediately put in hand
and larviciding commenced in the Kakamega/Kaimosi area in September
1954. In the area concerned, nearly 2000 square miles (5000 kM2) in extent,
184 rivers and streams were treated with DDT once every 14 days for a
period of 3 months. Rivers and large tributaries received dosages at the
rate of 0.5 p.p.m. and streams were consistently overdosed in the region of
from 1 to 2 p.p.m. as it was found that smaller dosages were quickly
absorbed under these circumstances.

Check surveys remained negative for almost a year, until the following
December when the earlier stages of S. neavei were found in the upper
reaches of the river Yala. Later, two adult S. neavei were captured in the
vicinity of the same river. All other rivers had remained free from infes-
tation and it was possible, therefore, to introduce a modified dosing scheme
restricted solely to the Yala and its tributaries. Redosing measures com-
menced in February and continued until May 1956, and since that time no
S. neavei have been captured, nor have the earlier stages been found on
crabs in the Yala. All other rivers included in the original 1954 scheme
have shown no signs of reinfestation and it would appear, therefore, that
complete success has been achieved.
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Elgon
This focus, which occurs mainly in Uganda, extends along the whole

of the western flank of Mount Elgon . The terrain is rugged and well wooded
and the rapidly dropping streams contain many waterfalls and cascades.
Adult S. neavei have been captured at altitudes as high as 7000 feet (2100 m)
but breeding is confined to below the 6000-feet (1800-m) contour. The
Uganda medical authorities are at present engaged in disinfesting opera-
tions, using DDT in rivers, and they have agreed to treat the rivers in the
small area where the focus extends into Kenya.

Prevalence and Distribution of Onchocerciasis

Various medical surveys have been carried out and the evidence has
been established as follows:

Area Percentage of people infected Percentage of people with ocular
complications

Kodera (near Kisii) 49% 10%
South Nyanza

Riana (near Kisii) 21 % 1.6%
South Nyanza

Ngoina (near Kericho) 29% 1.8%
South Nyanza
Kaimosi 72', 10.5%
North Nyanza

The above data, based on skin biopsies carried out by J. C. Buckley,
B. P. Harris and J. P. McMahon, were compiled by J. C. Buckley.

Simulium Surveys
Preliminary planning

During the last few years the whole of the Nyanza Province has been
surveyed at one time or another, involving an area of some 14 000 square
miles (36 000 km2). Events in chronological order are given in Table I.

Too much emphasis cannot be placed on the importance of surveys.
Anything less than a thorough and detailed investigation is bound to result
in the failure of any subsequent dosing scheme. The whole of the suspected
country must be searched and negative as well as positive findings recorded.
Careful planning should precede the surveys which should be carried out
in a systematic way, working, as far as possible, on a grid system.

Larvae and adult searches can be carried out at the same time and this is
usually done in practice. Work is usually begun in the centre of the sus-
pected area, and once adults have been captured systematic searching
ceases to some extent and efforts are made to establish the outside limits
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of the focus. At this stage searches for breeding grounds are intensified and
become the major objective.

Surveys must be carried out until the whole of the suspected country
has been covered, because until this has been achieved it is not possible to
decide whether to treat all foci separately or at one and the same time.
Important factors govern this decision, the chief of which is the amount
of neutral ground separating each focus. S. neavei, although not a robust
fly, is capable of flying along bush-covered rivers for a distance of some
10 miles and, therefore, the fly-free area must be greater than this. In
practice it is accepted that such a zone is adequate provided that it com-
pletely encircles the infested area for a distance of at least 20 miles in all
directions.

Preliminary reconnaissance is invaluable in more ways than one and
should always be carried out if possible; such important points as the
existence of motorable tracks and the density of bush can only be ascertained
in this way. Camp sites can be chosen at the same time.

When bush is found to be very dense and extensive in the region of
rivers, local labourers are employed for path-cutting purposes. A gang of
four, which can cut on an average a mile of path per day, usually precedes
the searching teams by about a week. The extra expense thus incurred is
worthwhile as much valuable time is saved. In areas of light bush the
searching teams are supplied with pangas (long bush knives) and hack
their own way through.

The choice of camp sites is important and can do much to shorten the
survey. They should be based near the central point of the local road
system if possible, and should not be more than 30-40 miles apart so as to
ensure that the maximum road journey is not more than 20 miles on any
one working day.

The rate of progress depends on the type of country. In open areas
with good road communications vast tracts can be surveyed in a relatively
short time. On the other hand, in densely wooded country with few roads,
progress can be very much slower. For instance, in the Kaimosi forest it
was necessary to cut some 400 miles of paths and this took a considerable
time. Taking everything into consideration the rate of progress for a team
of 12 Africans under the direction of one European can be in the region
of 1000 square miles (2600 km2) per month. Local youths are usually
employed to serve as bait during adult catches.

The surveys were sometimes quite arduous and for this reason they were
carried out intermittently in order to give the teams a rest. For instance
each team travelled some 3000 miles per year on foot as well as approxi-
mately 15 000 miles by road.

Good maps are essential; without them progress would be very much
slower and under certain conditions almost impossible. In any case it is
always advisable to procure local guides through the local administration.
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After having selected the first base camp, certain preliminary activities
must be considered, including staff training, plan of campaign and rate
and direction of progress.

It is as well to allow a few days for reconnaissance and time thus spent will
prove to be invaluable during the subsequent survey. While the Entomo-
logical Field Officer is thus engaged, staff training can be carried out or,
should this be unnecessary, rivers in the immediate vicinity of the camp
can be investigated. Training should be carried out under a skilled senior
assistant and should include such techniques as adult-catching, larvae-
searching, map-making and recording of data.
A plan of campaign should then be prepared. It is important to know

the direction and speed of the subsequent survey activities in order that an
itinerary can be prepared so that Chiefs and local headmen can be informed
in advance.

It is as well to have more than a rough idea of what is required in the
way of field and laboratory equipment. Transport must also be considered.
In Annex 6, page 105, details are given based on the requirements of a team
of 12 subordinates under the direction of an Entomological Field Officer.

It is unnecessary to describe any of the surveys in detail but brief descrip-
tions of field technique are given below.

Adult surveys

Approximately half of the available staff were employed on adult
surveys. Where possible local labourers were engaged at daily rates of pay
to serve as bait. The team left camp at 7 a.m. in order to be in position
for the first catch at 9 a.m. at the very latest. This was necessary in view
of the reluctance on the part of S. neavei to come to feed during the hot
midday period.' Catching activities were confined to forest areas or to
streams with some bush fringe; open treeless sections of rivers and streams
were ignored. Three on four units were employed on the main rivers and
one uniit on each of the streams (a unit consists of one trained searcher
and a bait).

The catching units would take up their positions in shady posts near the
river's edge, about 50 yards or metres apart. The bait, naked except for
a pair of shorts, would stand perfectly still so that the searcher could
catch all flies which came to feed. The flies were captured in a corked
glass tube (3 in. x 1 in.) (7.6 cm x2.5 cm), which had a chloroform pad
in the bottom. At the end of each catch all flies were transferred to a small
glass tube from a supply carried in a haversack. Catches continued for a
quarter of an hour, at the end of which, at a given signal from the team
leader (who carried a watch), the team moved to the next point some 300-

'A very definite diurnal biphasic biting cycle exists. This was demonstrated during 1952 when intensive
catches were made over a period of seven months from 6 a.m. to 6 p.m. daily. The peaks of S. neavel biting
activity occur between 9 a.m. and 11.30 a.m., and 2 p.m. and 5 p.m. (McMahon, 1957b).
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400 yards away, usually about 5 minutes' walk. Thus 3 catches were made
per hour, and from 10 to 12 catches during a morning's work. In this
manner a stretch of river 2-3 miles in length was covered each day. It was
not necessary to catch along the whole length of a river and usually the top
and bottom, together with a number of points in between (depending on
its length), were selected for this purpose. The total catching period might
appear small for a day's work, but when travelling time is added (walking
and transportation by road) the working day is usually in the region of
eight hours and quite often much longer. Fatigue must also be taken into
consideration because after an extensive period of catching the average
searcher tends to become rather lethargic.

Various data were recorded. Each team leader made a small sketch map
showing the catching points on each river as well as depicting the degree
of bush. Catching times and the number of ffies captured were recorded on
a special form supplied each day. Flies for each catch were stored separately
in small glass tubes for subsequent identification, and a small ticket, giving
the name of the river, time of catch and the searcher's name, was enclosed.

On return to camp the flies were identified and counted and the density
worked out in terms of flies caught by one boy in an hour (FBH). A standard
value was thus given to each river, and this simplified the work when the
final assessment was made. Fly indices are not strictly comparable if they
are based on catches made at various times of the day and, therefore, it is
essential to ensure that a standard catching time is adhered to. The real
value of fly catches of course was in plotting negative areas. Sometimes,
however, areas tend to become " quiet " when S. neavei tends to disappear.
Consistent negative or very small catches have been made in areas of high
incidence and this usually occurs seasonally.

The results of the day's work were always entered in the main record
book on the day of the catch; it was not safe to leave them until later,
otherwise errors might have occurred. The master map was also completed
on the day of the catch and this was done by the use of symbols on a specially
prepared tracing.

It is worth recording here that not all bush country is infested, and this
is probably due to the distance from the nearest breeding grounds. Several
such areas have been recorded where conditions appeared to be ideal, but
persistent intensive catches have always proved negative. In one such area
in South Nyanza the river Gori was reduced to a mere trickle in the dry
season, and although P. niloticus (the freshwater phoretic associate of
S. neavei) existed in abundance no larvae or pupae were found on them.
In another area, in North Nyanza, similar negative results were obtained
in the region of the river Sio where P. niloticus also existed in abundance.
The Sio maintains a fairly constant flow throughout the year but it is slug-
gish, and poorly aerated, and larvac and pupae of S. neavei have never been
found in it.
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Larvae and pupae surveys
The larvae teams usually worked in close conjunction with the adult

teams, surveying the same rivers at the same time. This was convenient as
one supervisor was able to direct both investigations.

When searching for the earlier stages of S. neavei, unusual methods
have to be adopted in view of its phoretic association with the fresh water
crab, P. niloticus. The search virtually becomes a crab hunt. Crabs are
trapped, by various methods and larvae are collected from them.

The larvae gangs worked on a system similar to that employed by the
adult searchers in that the main gang was concentrated on the major river
and only small units were employed on tributaries. In practice this means
about 6 to 8 men on the river and 4 units on the adjacent streams. Each unit
consisted of two men, and one unit was able to search one or more streams
in a day according to the length of the stream involved. No attempt was
made to search the whole length of the stream; sampling was carried out
at points ½/2-i mile apart.

At the commencement of the day's activities, all units were given certain
tributaries or a section of the main river to work, and they were issued
with the appropriate gear. Each team usually carried out 10 to 12 searches,
about ¼4-1/2 mile apart, depending on the state of the river and the number
of suitable beds to be found in it. It is appropriate to mention here that
P. niloticus prefers stony or gravel beds and is very rarely found in mud or
similar soft beds.

There are two methods employed for catching crabs: bait traps, and
box traps. Box traps are generally used in shallow water and bait traps
in deep water. Thus box traps are invariably used in streams and both
methods are employed in large rivers.

Bait trap. This trap is usually employed in deep water and placed
near the banks. It is of simple design and structure, being merely a cir-
cular tray made of open mesh wire with a hook in the centre for bait, usually
meat. The tray is slung by a series of strands (pieces of cord of equal length)
to a central ring to which is attached a large cork float. The tray is weighted
so that it will submerge and is manipulated by means of a hook, on the end
of a long pole, which is inserted through the central ring.

One man can bait and lay a dozen traps which he does at intervals of
anything up to 50 yards. The traps are left undisturbed for a period of 20
minutes or so, and are then lifted and removed to the bank with a quick
swinging movement before the crabs have time to jump clear. When all
the traps have been recovered the searcher moves upstream to a new section.
Two men are usually employed in this manner, one on each bank, and they
usually set their traps walking upstream.

Box trap. At least two men are needed to use this trap, one to hold it
pressed down into the bed of the stream and the other to drive crabs into
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FIG. 3. TRAPS FOR CRABS

E\

WHO 8131

A- Cork float
B =Ring
C = Rope (2 ft 6 in.)
D = Float
E = Cords (attached 2 in. apart)
F = Meat bait

it from a point 10-12 yards upstream. Rocks and small boulders must be
removed before the trap is placed in position. The trap, as its name implies,
is shaped like a box and measures 18 in. x 12 in. x 12 in. (45 cm x 30 cm x
30 cm). It is open at one end, while the other end and the four sides are
covered with open mesh wire (l2-1 in. (13-25 mm) mesh) in order to allow
free passage of water but at the same time retaining any crabs which may
enter. A pole 4 feet (1.2 m) long is fixed to the top of the trap at the open
end in order that the trapman can manipulate it and hold it pressed to the
bed in depths up to 4 feet. The other member of the team disturbs the

I

I - Box trap
11- Bait trap
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river bed with his feet and a long pole whilst walking towards the trap.
Crabs are always driven into the trap from a point upstream for obvious
reasons. At the end of the " run " the trap is lifted quickly and the crabs
removed. Any larvae and pupae which may be collected are placed in tubes
for subsequent identification.

Recording of data

All larvae and pupae were stored in small glass tubes containing lacto-
phenol. A slip of paper was inserted containing the following information:
name of river; date; name of searcher and the index number of the catching
point. Further information was recorded on a small form under the same
reference number, together with details as to the condition of the river
at that particular point.

The leader of the team made a small sketch map showing the catching
points marked with the index number.

On return to camp, larvae and pupae were identified the same day and
the results were entered in the main record book. Details of crab distribu-
tion were also entered for future reference. Finally, the master map was
completed with symbols showing crab and S. neavei breeding places.

When the earlier stages of S. neavei were found in a river, all the lower
reaches of that river were presumed to be infested and all efforts were
directed towards establishing the upper limits of the infestation with a
view to selecting a dosing point for use in the subsequent dosing operations.
In this way much valuable time was saved. All such points, however, were
checked immediately prior to the dosing campaign as crabs tend to migrate
up- or downstream, according to the season.

Survey costs

The gross costs given here are based on a team of 12 African
subordinates, under the direction of a European Field Officer, and have
been arrived at after an exhaustive study of our past records. All costs
have been adjusted to present-day (1957) values (see Table II). They include
all salaries and wages, running expenses and maintenance of vehicles, as
well as incidental expenditure.

The average adjusted cost per unit as outlined above is £27621 per
annum. Assuming that 8000 square miles of country will be surveyed, then
the cost per square mile is in the region of £0.345 or 7/-. The figure becomes
very much smaller if permanent staff are available and salaries and wages
are excluded. Thus with petrol, oil and maintenance of vehicles at £620,
and incidental expenditure at £100 per annum, the net cost per square mile
works out at 1.55 shillings (or 1/61/2).

l = $2.80
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Transport
The minimum requirements, for a team as outlined above, are one 2 l/2-ton

truck and one3/4-ton van. During the actual survey the truck can carry, if
necessary, all the staff, thus releasing the van for extraordinary duties such
as reconnaissance. Apart from surveys the truck is essential for camp
moving activities.

For larger surveys, employing two teams or more, the proportion of
heavy transport can be reduced to, say, 1 truck to every 3 vans.

Eradication Campaigns

In recent years Simulium eradication schemes have been carried out in
various parts of Africa and elsewhere, and adulticides as well as larvicides
have been used. In Kenya reliance has been placed on larvicides as this
method seemed to offer the best chance of success against S. neavei, a
frequenter of densely wooded rivers and streams, where the application of
adulticides would be extremely difficult, if not impossible in some of the
more extensive forests.
A larviciding campaign takes 3 months to complete and meticulous

care must be exercised in order to ensure that every infested stream and
river is effectively treated with insecticide once in every cycle, normally
of 10 days' duration. It is advisable to carry out 9 cycles in order to ensure
that the last surviving adult, which usually lives for a period of 2 months,
has succumbed.

When the discharge of the river has been ascertained and the total
volume of the water discharging over a period of 30 minutes has been
worked out, the insecticide is introduced at a point above the infestation
so that the final concentration in the river is at the rate of 0.5 p.p.m. All
calculations are based on the discharge at the outfall and not at the dosing
point.

Final plans for the actual dosing campaign should be deferred until the
whole of the infested area has been thoroughly surveyed because, until this
has been achieved, it will not be possible to decide whether to treat all the
foci at one and the same time or at different periods. If a focus could be
reinfested by another, as yet untreated, then obviously both must be dealt
with at the same time.

Should small isolated foci exist they could be reserved for pilot schemes
in order to gain experience, and for staff training purposes. The main
campaign, however, should cover as much area as possible, within the
limits set by available staff and transport, in order to keep down costs.
Every aspect must be carefully considered, including staff requirements,
transport, supplies of DDT, dosing gear, etc. In the first place the scheme
should be worked out in detail and, from this master plan, dosing schedules
on a drainage-area basis compiled.
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Planning of the campaign
The area should be subdivided into easily workable sections. Estimates

should then be made on a sectional basis computing the time and staff
required for dosing and checking operations. The smaller river systems
can usually be done in one day but larger systems require two and some-
times three days to complete. Two or more systems can be done at the
same time, provided that sufficient staff and transport are available. In the
larger basins, where two or more days are required, it is usual to dose the
main river on the first day as well as the upper tributaries; the middle
tributaries are done on the second day and the lower on the third. It must
be remembered, however, that any system, whatever its size, must be com-
pleted before moving into the next basin.

Allowance must be made for larval surveys in order to ascertain whether
dosing has been effective. This is normally done on the first, second or
third day after dosing, according to the length of river involved. Multiple
checking points are chosen on the main river and at the outfall for small
streams. Checking points are usually selected in places where an abundance
of other Simuliidae species exists on grass or stones. The presence of other
insects is also noted.

Finally, all the sectional schemes must be integrated into the main plan
of campaign so that a smooth working scheme is evolved. Due allowance
must be made for emergency dosings in case they should be necessary.

Insecticide
The choice and formulation of the insecticide must be left for local

consideration. In Kenya we found 18 % DDT in miscible oil satisfactory,
at rates of dosage of from 0.5 to 1 p.p.m., and in special circumstances as
low as 0.1 p.p.m.

Ample supplies must be available and it is well to ensure before the
campaign begins that sufficient stocks are in hand for the whole of the
proposed operations. Should only one cycle be missed, failure is bound to
follow.

In order to estimate supplies it is necessary to know the average dis-
charge value of all rivers in the area for the particular time of the year in
which it is proposed to operate. Old hydraulic records are valuable and
should be consulted if they exist. If they are not available, then steps should
be taken to estimate the discharge rates of all the major rivers at points of
discharge; the sum of the resulting observations should be doubled in
order to allow for dosing of tributaries. A great deal of this work can be
done during the preliminary surveys. When the total stocks of insecticide
requirements have been estimated, it is wise to add 25 % to the figure in
order to cope with possible emergencies.

Stocks of insecticide should be kept under lock and key and should be
issued daily. Tally books should be kept showing stocks in hand and rate
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of usage; this is important as it will enable one to order fresh supplies in
good time, should this be necessary.

Careful records of insecticide used were kept during the various cam-
paigns in Nyanza and the figures in Table III may prove useful as a guide.

It will be observed from this table that the size of the area or, for that
matter, the number of rivers involved necessarily indicates the amount of
insecticide that will be required. The final reckoning will depend on the
total amount of water discharged. It should be observed, however, that
unduly large dosages were sometimes used in the 1947 Kakamega scheme
and that the large river Nzoia, discharging at times from 5000 to 6000
cusecs, absorbed a large quantity of DDT in the 1954 Kakamega scheme.

TABLE 111. INSECTICIDE USED DURING ERADICATION CAMPAIGNS IN NYANZA

Number
Area of rivers Number Insecticide

Scheme Period involved and of dosing (in terms of
(sq. miles) streams cycles 18% DDT)*

dosed

Kakamega- 6-11-47 1540 84 9 cycles
Kaimosi to of 14 days 1288 gallons
(North 21-4-48 each
Nyanza)

Kisii- 28-10-52 9 cycles
Kericho to 1145 55 of 10 days 389 gallons
(South 24-1-53 each
Nyanza)

Kakamega- 20-9-54 7 cycles
Kaimosi to 1927 184 of 14 days 1544 gallons
(North 24-12-54 each
Nyanza)

In Imperial gallons

Estimation of river discharge and dosing technique
Methods for estimating river discharge and dosing technique are given

in full elsewhere (McMahon, 1957a) and all that is necessary here is a short
description.

Weirs. Full advantage should be taken of weirs, and gauges (when
supported by accurate discharge tables), as much valuable time is thus
saved. The depth of water is read on a gauge on the upstream side of the
weir and by reference to a table the discharge value in cusecs is obtained.

When weirs or gauges are not available the discharge rate must be
estimated by a current meter, or by the float method.

Current meter. There are two main types in use-acoustic and mecha-
nical. The acoustic type is more popular as it is less complicated and can
be used in very deep water from heights such as bridges or felled trees.
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The meter is submerged in the river at a certain depth (usually at 6/10 of
the total depth measured from the bottom), and a series of cups revolving
on a vertical axis record, by electrical connexions, a series of " clicks "
in the headphones worn by the operator. The operation is then repeated
at regular intervals across the river. The velocities thus obtained, taking
into consideration the average depth and width of each section, will give
the discharge in cusecs by reference to a table supplied with each machine.

The float method. Quite often there are insufficient current meters
available, or one may be out of action. It is then necessary to use the
" float " method, which is simple and easily carried out. The surface velocity
is ascertained by timing the speed of small twigs between two points in a
straight section of the river. The surface velocity is then reduced to its real
value and, taking into consideration the depth and width of the river, the
discharge in cusecs is obtained.

Calculation of dosage and dosing procedure. When the value of the
discharge has been obtained (in cusecs) it is converted to lbs. flowing through
the river during a period of 30 minutes, because this is the length of time
it is necessary to dose. The calculation of the dosage is a simple procedure
but allowance must be made for impurities which the insecticide may
contain. For instance DDT usually contains 30% inert matter and is
usually supplied in the form of an emulsion or in a miscible oil in various
concentrations.
A preliminary " break-down " of the concentrate is necessary prior to

dosing and this is achieved by diluting it to at least three times its original
volume with water in order to pass the water-in-oil phase. This is usually
done in 22-gal.1 (100-]) containers or 4-gal. tins, or any convenient vessel
of known capacity. The diluted insecticide is then poured into vessels
suspended over the river. In Nyanza we have found 4-gal. petrol tins to
be suitable and they were punctured with one or more holes of a known
gauge which discharged 12 gallons (54.5 1) per hole over a period of 30
minutes. This hole was made with a 4-in. (10-cm) nail and was approxi-
mately 3/16 in. in diameter. More elaborate dosing vessels have been
devised but they are expensive and heavy to carry. Moreover they are not
so easily replaced.

Larviciding

The " timing " of a campaign is important. Should it be carried out
during the rainy season, unnecessarily large amounts of insecticide will be
required and communication difficulties are bound to arise, due to muddy
roads. On the other hand, during the dry season, shrunken rivers may
stagnate or become unduly sluggish and disinfestation may thus be impeded.

'Imperial gallons



J. P. MCMAHON, R. B. HIGHTON & H. GOINY

The ideal time appears to be at the end of the rains and we have always
found this to be so in Kenya. The actual commencing date was always
chosen at about two to three weeks before the rains were due to cease and,
although more DDT was expended during the first two cycles, this policy
proved worth while because during the ensuing period the rivers remained
reasonably high and suitable for our purpose. Towards the end of the
campaign, however, it was quite often necessary to dose some of the rivers
at one or more intermediate points. Swamps are always a danger as they
absorb most of the insecticide. We invariably redosed immediately below
a swamp as a safety measure. Similar action was taken below large, semi-
stagnant pools or dams when it was found to be necessary. For instance,
during the 1952 Kericho campaign, the river Sisi became a series of large
pools, connected by a thin straggling stream, and had to be redosed at 15
different points; this took a team of four men two days to accomplish.

We consider that larviciding should be carried on for at least 3 months,
and that 9 cycles of 10 days each should be completed during this period.
We have, however, achieved success by dosing for 7 cycles of 14 days.
Although the latter method makes for easier planning and entails the use of
less insecticide, we consider that the safety margin is too small and it is not,
therefore, to be recommended. Reasons for this are given later (see Annex 3,
page 102).

All rivers and the larger tributaries were dosed at the rate of 0.5 p.p.m.
and the streams at I p.p.m. or more. Smaller dosages at the rate of 0.25
p.p.m. were tried in some rivers but it was found that, at this rate, complete
sterilisation was not always achieved. In some instances, when the rivers
were decreasing in volume, the dosage had to be increased to as much as
1 p.p.m. Sufficient staff and current meters were not available to carry out
discharge estimations for streams and it was, therefore, decided to introduce
static overdoses, which were estimated prior to the commencement of the
dosing scheme.

Routine dosing procedure

The daily dosing procedure was as follows. All staff assembled at a
given point early in the morning and the Entomological Field Officer
(EFO) in charge briefed all teams and issued equipment and insecticide (a
specimen briefing sheet is given in Table IV). Each team leader-was sup-
plied with the day's dosing schedule and with a small sketch map. Each
dosing team, under the direction of an EFO, proceeded to the outfall of
a river where its volume was estimated; the team then proceeded to a point
near the source where the main dose was introduced. When this had been
accomplished the team proceeded further up river where a token dose was
introduced in order to ensure that any dispersing crabs were included in
the treatment. Small units then broke off from the team in order to dose
minor tributaries in the vicinity. Streams in the middle and lower reaches
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TABLE IV. TYPICAL DAILY WORKING SCHEDULE (EXTRACT FROM RECORDS) *

Nzoia and Tributaries

Cycle (1st week)

Day of cycle No. Monday

Team Rvleader Rive

Mr H. Nzoia
Kabisi

Mr G.

Mir A.

Senior
African
assistant
(Mr E. K.)

Mr B.

rs

Luandede
Kyebaiwa
(token
dose)

Lu kussi

Nambi-
rimma

Saha
Sibirie

Sijagone
Swgeteti
Siombe
Shibyusi
Wanduma
Make
Kojwa
Si maki na

Random
searching
in river Yala

area

Number of Trans port Equipment and DDT
assistants required

5 plus Lorry
driver

4

5 plus
driver

8 plus
driver

8 plus
driver

LDV

LDV

LDV

4 drums DDT
1 empty half drum
3 empty 4-gal. tins
3 dosing vessels
2 2-pt measures
1 current meter
1 stop watch
1 meas. tape (100-ft)
1 metre rule

rope

8 gals. DDT
3 empty 4-gal. tins
2 dosing vessels
1 current meter
1 stop watch
1 meas. tape (100-ft)
1 metre rule
2 2-pt measures

8 gals. DDT
3 empty 4-gal. tins
2 dosing vessels
1 current meter
1 stop watch
1 meas. tape (50-ft)
1 metre rule
2 2-pt measures

4 gals. DDT
8 empty 4-gal. tins.
4 dosing vessels
4 2-pt measures

LDV

Nzoia
Kabisi

Remarks

0.5 p.p.m.
0.5 p.p.m.

Luandede 1 p.p.m. at
top and 0.5 p.p.m. at
bridge

Kyebaiwa 1 p.p.m.

Nambirimma O.5 p.p.m.
Saha (token) 5 pints
Sibirie 0.5 p.p.m.

Token doses
in each river
(5 pints each)

Random searching
but to help with
emergency dosing if
necessary

* Similar directives were compiled for each day of the dosing cycle.

were dosed on the same day if possible. This was done by a number of
units under the direction of an EFO, or a senior African Assistant, who
proceeded by lorry along a certain route dropping the units (usually two
men) who dosed one or more streams. The last stream was dosed by the
team leader, who, on his return journey, collected the various units. All
tributaries discharging into the main river were invariably dosed whether
they contained the earlier stages of S. neavei or not; this was done in order
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to treat any crabs that might wander into them from the main river at the
time of dosing. Streams were usually dosed at a point a mile or two up-
stream from the main river. Sub-tributaries were not dosed as a rule and,
on the rare occasions that they were, it was because the main tributary
(i.e. the tributary into which they were discharging) contained the freshwater
crab P. niloticus.

Checking activities
The essential work of checking was carried out daily by a special team

which had its own transport. The team left camp at the same time as the
dosing teams and proceeded to a certain point where it broke up into smaller
units. These units then proceeded to various pre-selected catching stations
on the main river, or streams, and searches for larvae or other insect life
were made. In the event of breeding being found in a stream, it was com-
pletely redosed at a point immediately above the topmost point ofinfestation.
Breeding was never found in large rivers during check surveys but similar
action would have been taken had it been necessary. Certain other species
of insects, mainly mayflies, caused some concern at first until it was proved
that they were resistant to DDT; from then onwards their presence was
ignored. Leeches were also found to be resistant to concentrations of DDT.

Routine adult searches were not carried out during the period of dosing.
All dosing and searching activities were recorded at the end of the day's

work by the EFO in charge, from field records supplied by each team
leader. They were never left until the following day-a very necessary
precaution in order to avoid mistakes in entry. Finally, the following day's
work was discussed in detail and plans were adjusted, if necessary.

Larviciding costs
The net costs per square mile of a larviciding campaign, adjusted to

present-day values (1957), is between £0.65 (13/-) and £1.2 (£1.4.0) per
square mile. This includes all items of expenditure except salaries and
wages of permanent staff. The cost of insecticides accounts for the bulk
of expenditure (see Table V).

Transport
It is difficult to lay down firm standards for any given area. From our

experience it would appear that for every 1000 square miles of country
to be dosed, 1 lorry (21/2- or 3-ton) plus three vans (3/4- or 1-ton) will be
required. In schemes involving larger areas, the ratio of heavy transport
could be reduced to one lorry plus 5 vans for every 2000 square miles.

Vehicles should be in first class condition as no break in the dosing
schedule can be allowed. Only competent drivers should be employed who
are able to service their vehicles and to repair them if necessary in the field.
Break-downs will occur and spares should be carried. If possible. spare
vehicles should be kept in reserve.

98



ERADICATION OF SIMULIUM NEAVEI FROM KENYA

m U')
co to

CQ CQ$

(O
C',C\i

CO
CD4

co

0
C\,

10
C\,
Cf4

0
CN,

10:

0
c'J

clJ
0)CQ

CM N
C- 0)

coCO
q CQ

C\
0')
10)

0)
C\l

'0

0)
1.0
co

rC

Ca

C\,

C4

(O

C4~

0 0

10JCD
cli (O+ r-4

c-t

UO-
E Er-

a,o se,

0

a);;--

0) ,

a, 0-

E.Etco *Z 0)"c
v(u

a,

Z a)a0 a)

a-a 0

0) a)>
t c

U) & a

(0 C,)

-0 c
a) a) ,
*, (n

._n
Q)z

(1 0
0

cn

-)
0

U)

I--

0

z

0

a

I--

99

cow

co)
0

0

co0

4D

0

0g
0
0

co

0UM

0
CL

0
0
aco

0

C
0

C

a,o

C-
oOC

-oF

0

*O 0

._C 0

_~C

0 .
*0

Qc0

0 0

C 2

0 .C
OU

Q O

00

0 Z

0

co

cn
a)

._

CDa)

CC
coa

co --0

a,Qr(O¢
0,

BE

OC

a) C

0Qa

CC

0-C

-n

cn

0
LLL



J. P. MCMAHON, R. B. HIGHTON & H. GOINY

ACKNOWLEDGEMENTS

We have to thank Dr A. J. Walker, Director of Medical Services, Kenya, for per-
mission to publish this paper. We are indebted to Dr R. B. Heisch, to whom we owe
much for his constant and enthusiastic support in every aspect of this work.
We are indebted to and gratefully acknowledge the services of our colleagues who

took part in some of the earlier surveys and campaigns, including Messrs J. Pyefinch,
G. Westgate, M. Furlong and W. Bransby-Williams.

We are indebted to Professor P. C. C. Garnham, of the London School of Hygiene
and Tropical Medicine, who during the last twelve years was a source of great encour-
agement and who was primarily responsible for the success of the Kodera pilot scheme.

And, finally, to the African Assistants of the Division of Insect-Borne Diseases
(Nyanza), Medical Department, Kenya, we owe a very special vote of thanks for their
untiring efforts and loyal support without which success would not have been possible.
Deserving of special mention are Messrs Evans Kamau and Joel Nyamwara for their
work during the 1954 Kakamega eradication scheme.

Annex 1

EFFECT OF DDT ON CRABS, FISH AND INSECTS

Crabs and Fish

Soon after the discovery of the association between the crab, P. niloticus,
and S. neavei in 1950, laboratory and field experiments were carried out in
order to observe the effects ofDDT on crabs. It was thought that if a single
large dose would kill the crabs the need for prolonged dosing operations
directed against the earlier stages of S. neavei would be obviated. Results,
however, indicated that any attempt to kill the crabs was unreliable and,
moreover, that the insecticide was deleterious to fish life.

In the laboratory tests, crabs were immersed in concentrations of DDT
from 1 to 80 p.p.m. for a period of 30 minutes, after which they were removed
to vessels containing clean river water. At 1 p.p.m. crabs seemed to be un-
affected, and they were only partially affected in concentrations in the
range 3 to 6 p.p.m. Even at 20 p.p.m., 10% of the crabs were found to be
alive at the end of 24 hours.

Similar results were achieved in a series of river tests carried out over
a period of 10 days under practical conditions. Up to 4 p.p.m. no effect
was seen on either fish or crabs. In the range 5-10 p.p.m. fish became
moribund and soon died, while large numbers of crabs were seen to leave
the river. In the series 15-40 p.p.m. large numbers of fish and crabs were
killed, but some crabs were seen to leave the river to which they returned
later in the day when the insecticide had passed downstream.

Apart from the effects on fish life, it was obvious that anti-crab measures
must fail in view of the crab's ability to leave the river at will, and further
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tests were not carried out. The results were, however, to prove of great
value in subsequent dosing campaigns as we were able to use concentrations
which did not kill fish or drive the crabs out of the river. The importance
of a tranquil crab population cannot be overstressed in view of the ability
of refugee crabs to reinfest treated rivers.

Insects Other than Simuliidae

A very important aspect of any dosing campaign is that most species
of insects are killed, thus depriving fish of the bulk of their staple food.
During 1947 the Kenya Fisheries Department showed considerable concern
and we agreed to carry out observations in conjunction with it. Observa-
tions were made over a period of 6 mopths and were carried out before,
during and subsequent to the 1947 Kakamega campaign. Results showed
that there was almost complete sterilization of the rivers at the end of the
operations. Further observations at the end of 3 months showed that
there had been a partial recovery, and at the end of 6 months complete
recovery was observed.

Nearly all aquatic insects were killed by DDT but certain species of
Ephemeroptera (mayffies) and Chironomus (midges) were found to be
resistant and these were ignored during check surveys.

Annex 2

SPECIAL DOSING MEASURES ADOPTED FOR USE IN TROUT STREAMS

Certain streams in the Kericho district have been stocked with trout,
and the local fishing association was extremely reluctant to sanction the
use of DDT in these rivers, despite assurances that fish are not affected at
rates below 5 p.p.m. The association eventually agreed to allow the use of
DDT at the rate of 0.1 p.p.m., provided that fish barriers were built into
rivers in order to prevent starving fish passing downstream to points from
which they could not return. These measures were carried out and stretches
of rivers, up to 6 miles in length, were disinfested in this way without harm
to the trout.
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Annex 3

NOTES ON LARVICIDING AND CHECKING OPERATIONS

An Important Factor Influencing the Number and Length of Dosing
Cycles

Observations on the effects of DDT on the earlier stages of Simuliidae
were carried out at various times. Eggs apparently were unaffected and a
small percentage of pupae were seen to emerge after treatment. On the
other hand complete mortality was always achieved during the larval
period and it was obvious, therefore, that, in order to succeed, the insec-
ticide had to be introduced during this vulnerable stage of the vector's
existence. In order to do this it was essential to know the minimum length
of this particular phase and a s&ries of experiments was carried out with
this object in view.

Streams heavily infested with S. vorax (Pom), S. hirsutum (Pom), S.
dentulosum (Roub), as well as other common species of Simuliidae, were
dosed with DDT, and daily observations were made by special teams of
investigators who recorded the appearance of the first larva. The succeeding
stages were recorded until the fourth stage was reached when observations
were intensified in order to detect the appearance of the first pupa. Never
on any occasion was a pupa seen before the sixteenth day following the
initial dosing. This experiment was repeated on a number of occasions
with the same result.

Later, after the discovery of phoresis, similar experiments were carried
out with S. neavei larvae. These experiments, which had to be specially
designed, proved to be far more complicated and many difficulties had to
be overcome before reliable results were achieved. Crabs (P. niloticus)
were trapped in " clean " rivers and were transported to a known S. neavei
habitat where first-stage larvae were implanted on them. Daily observations
were made on these artificially infested crabs and pupation was never seen
to occur before the eighteenth day. This experiment was repeated on a
number of occasions with similar results. The conditions under which
these tests were carried out may have retarded the normal rate of larval
growth and it was considered prudent, therefore, to assume that the earlier
stages of S. neavei were similar in all respects to other species of Simuliidae.
A 14-day dosing cycle was therefore introduced on the assumption that
the larval stage lasted for at least 16 days.

But the 1955 reinfestation of the river Yala, where 14-day cycles were
adhered to during the 1954 campaign, gave rise to some doubt. This recru-
descence could, of course, have been caused by one of many factors, includ-
ing the temporary absence of infested crabs from the river during one or
more cycles, or failure of the insecticide to reach all breeding grounds. On
the other hand the cycle frequency may have been inadequate and for this
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reason a shorter cycle was adopted during the 1956 redosing operations.
This meant that larviciding was carried on during 9 cycles of 10 days instead
of 7 14-day cycles.

The Timing of Check Surveys in Relation to River Speeds

During larviciding operations, check surveys must be carried out at
various points along a river's course in order to ascertain whether the insec-
ticide has been completely effective. Obviously, the speed of the river
determines the rapidity at which this takes place and sufficient time must
be allowed to elapse for the passage of the insecticide before visiting the
checking points. Velocities vary considerably and they differ not only from
river to river but in the course of a single river. Some knowledge of river
speeds is, therefore, essential and should be acquired prior to thecommence-
ment of the eradication campaigns. This could be done with the aid of
fluorescent or radio-active tracers, which could be introduced into the
headwaters of a river. Subsequent hourly samples should be taken from
pre-selected points downstream, over sufficiently long periods, according
to the length of the river under test. In practice this would undoubtedly
prove a laborious and probably an impossible procedure.

During the 1947 Kakamega campaign, empirical methods were used
and checking points were visited at frequent intervals in order to observe
the state of the insect populations, which were recorded as being dead,
moribund or alive. One series of observations was carried out in greater
detail and is worth recording.

The river Isioka was the scene of these observations. On 24 November
1947, seven points in the middle reaches of the river were selected as obser-
vation posts because of their high degree of infestation with Simuliidae.
Later that day, at 5 p.m., the river was dosed at a point 16 miles upstream
with DDT at the rate of 2.5 p.p.m. Dosing was based on a total discharge
of 161 cusecs. During the whole of the following day (25 November)
larvae were seen to be alive at all stations. On 26 November, between
8 a.m. and 9 a.m., living insects were not seen in any of the first six stations,
and 1 live and 19 sick larvae were collected at station No. 7. The insecticide
had obviously reached the first six stations during the night of the 25th or
early morning of the 26th, and was in the process of passing point No. 7 at
9 a.m. on the 26th; this observation was further supported by the presence
of moribund fish and the distinct smell of the emulsified insecticide near
point No. 7 at the time of observations. The insecticide had, therefore,
taken 40 hours to cover a distance of 16 miles at the average rate of 0.4
miles per hour.

Subsequently it was ascertained that most rivers (but not streams) would
discharge at a rate of approximately 10 miles per day under ordinary condi-
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tions, but faster in times of spate; during the dry season speeds were very
much slower.

The result of these observations made it possible to adopt a set formula
in connexion with checking times. In practice this amounted to 10 miles
per day of river length; thus a point 40 miles downstream would usually
be examined on the third or fourth day after dosing. Some rivers were
found not to conform to this rule and they were made the subject of special
investigations.

Annex 4

NOTES ON OTHER SPECIES OF SIMULIIDAE CONCERNED IN
PHORESIS

There are two other species of Simuliidae found in association with the
crab P. niloticus: S. nyasalandicum and S. woodi. Both are closely related
to S. neavei and are likely to cause confusion, more especially S. nyasalan-
dicum which is always found on the external carapace. S. woodi is always
found in the exhalant passage of the bronchial chamber of the crab, and
this can be accepted as a reliable differentiating characteristic. It is not
easy to separate these species but certain differences in the larvae menta
exist. The pupae are almost identical and cannot be separated with cer-
tainty. The only reliable method is to breed out adults and examine the
male genitalia. When larvae and pupae are found on crabs in rivers devoid
of bush, and miles away from forested areas, it can be assumed that they
are S. nyasalandicum, but it is always wise to verify this. Negative adult
catches in the immediate vicinity are also a useful guide as only S. neavei
feed on man. The earlier stages of S. woodi and S. nyasalandicum have
been described by McMahon (1957b).

Annex 5

NOTES ON FRESHWATER CRABS IN KENYA RIVERS

Species of freshwater crabs other than P. niloticus exist in African
rivers including P. (Geothelphusa) granviki Colosi and P. (G.) jeanneli
Bonvier. Neither of these species, however, carries the earlier stages of
S. neavei except on very rare occasions when one or the other shares the
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same section of the river with P. niloticus. The three species usually live
apart and seem to prefer different habitats. P. niloticus prefers large, sunlit
rivers with a good degree of aeration, is usually found in stony or gravel
beds below waterfalls and cascades, and rarely frequents muddy, sluggish
sections of the river. It is never found in small forest streams where the
canopy is dense, but it can exist in streams of similar dimensions in open
country in full sunlight. The earlier stages of S. neavei are seen more
frequently on the larger specimens and this may have something to do
with the habits of the mature crab.

On the other hand both P. granviki and P. jeanneli prefer small shady
streams with a good canopy. They are rarely found in large rivers except
near the source where conditions are similar to those in wooded streams.
When either one or the other species lives in the same river with P. niloticus,
the junction is usually well defined and intermingling rarely takes place.
On the rare occasions where a common bed is shared, the distance involved
is not usually more than ¼4 mile, and a few S. neavei larvae have occasionally
been collected from these " other" species of crabs. This is regarded as
accidental because larvae have never been collected from pure colonies of
either P. granviki or P. jeanneli.
A fourth species of crab exists (as yet unidentified) and is apparently

quite able to support the earlier stages of S. neavei in the absence of P. nilo-
ticus, to which it is closely related. It is generally found in the same regions,
but usually in different rivers. Whenever this species was found we have
regarded it as a subspecies of P. niloticus and it has, therefore, received
the same treatment.

Little or no trouble should be experienced when separating the species
of crabs. P. niloticus has a pronounced transverse suture, or ridge, on the
ventral surface of the carapace, immediately behind the eyes. It also pos-
sesses six or seven large lateral spines on either side of the carapace, near
the shoulders. No other species of crab exhibits either of these characters.

Annex 6

LARVICIDING EQUIPMENT

A variety of gear is required, including current meters, stop-watches,
100-ft measuring tape, metre rules, rope, 45-gal. oil drums, 4-gal. petrol
tins, 2-pint measuring mugs, etc.

During the 1954 Kakamega-Kaimosi scheme the following articles were
necessary:
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Current meters .... . . . . . . . . 2
Oil drums, 45-gal ........... . 2
Petrol tins, 4-gal ........... . 51
Measuring tapes, 100-ft .... . . . . 2
Measuring tapes, 50-ft ......... 2
Metre rules ............. . 4
Measures, 2-pint .... . . . . . . . 16
Rope, 30-yd .1.... . . . . . . . . I

At least two current meters should be held in stock, however small the
area, in case one or the other should become damaged. The oil drums
were cut into two sections and were used for mixing large quantities of
insecticide in large rivers; thus four containers holding 22 gallons were
available. Petrol tins were used for dosing and mixing operations (20 for
dosing and 31 for mixing). Measuring tapes and metre rules were used
when estimating river discharge. The large number of 2-pint measures was
necessary as every team, however small, carried one, as well as at least
one dosing and two mixing tins. Rope was used for dosing the larger rivers
when it was necessary to suspend the delivery (dosing) vessels from trees
or bridges.

The above list can be accepted as being typical for an area of 2000
square miles and can be adjusted for larger or smaller areas according to
the work in hand. It may be necessary, however, to use a larger number of
current meters and this will depend on the number of rivers which have to
be evaluated.

RItSUMJ1

Au Kenya, l'onchocercose sevissait seulement dans la province de Nyanza oui elle
etait transmise par Simulium neavei. La maladie etait connue dans trois districts, et,
pour entreprendre la lutte visant a l'eradication de l'insecte, il fallut proceder a des
enquetes sur la repartition de l'espece dans l'ensemble du territoire. Ces travaux preli-
minaires, qui ont dure trois ans, ont indique que la lutte devait porter sur le stade larvaire
de l'insecte, car, dans ces regions dont beaucoup sont boisees et irriguees naturellement,
la lutte imagicide n'aurait guere de chance de succes. Les premieres tentatives 6chouerent,
faute de connaissances assez precises sur la biologie de l'insecte. C'est en 1950 que l'on
decouvrit que S. neavei, aux premiers stades larvaires, vit fixe sur le crabe Potamonautes
niloticus: la recherche des larves devint une chasse aux crabes. Les auteurs decrivent
les methodes appliquees pour pieger ces crustaces. Un reperage minutieux de tous les
ruisseaux et rivieres infestes est indispensable au succes de la lutte.

Au cours des annees qui suivirent les enquetes, les zones infestees ont ete trait6es
avec succes au moyen de DDT repandu dans les cours d'eau. Une campagne larvicide
demande trois mois. Chaque cours d'eau infeste est trait6 par le DDT une fois au cours
de chacun des neuf cycles - de 10 jours -a raison de 0.5 p.p.m. pour les ruisseaux
et petites rivieres et de 1 p.p.m. pour les grandes rivieres, pendant 30 minutes pour chaque
traitement. Dans certains cas, l'emploi de doses supplementaires est justifie. Le meilleur
moment pour entreprendre les campagnes est deux A trois semaines avant la fin des
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longues pluies; les eaux sont hautes et le restent durant la plus grande partie de la cam-
pagne. Les auteurs indiquent quelles sont les quantites d'insecticides a pr6voir, les
moyens de transport necessaires, le personnel 'a engager et le co(ut des campagnes.
A la suite des travaux effectues au Kenya dans les zones infest6es, l'eradication de

S. neavei peut etre consideree comme un fait accompli. Aucun insecte adulte et aucune
larve n'ont ete trouves depuis l'execution des campagnes. Seuls demeurent quelques
petits foyers en relation avec des zones infestees de l'Ouganda, oul des travaux d'eradication
sont egalement en cours.

Dans quelques annexes qui completent l'article, les auteurs donnent des rensei-
gnements sur a) l'effet du DDT sur la faune aquatique (crabes, poissons et insectes,
concentration en DDT provoquant la mort des poissons et la migration des crabes vers
des rivieres non polluees); b) la protection des truites dans les rivi&res oiu ces poissons
abondent; c) les operations larvicides et les enquetes de controle; d) 1'existence d'autres
esp&ces de simulies vivant sur le crabe P. niloticus; e) les crabes d'eau douce du Kenya;
f) 1'equipement necessaire a l'execution des campagnes antilarvaires.
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