TRYPANOSOMIASIS IN ZULULAND AND THE CONTROL OF TSETSE FLIES.

been greater in Ntambanana than in Umfolozi. In spite of this greater appare
density, no evidence of breeding in the settlement area could be demonstrated
by means of carefully conducted searches for pupae or pupal casings.

From the evidence accumulated from all sources, the general picture regarding,
the habits of G. pallidipes has emerged, that the flies make use of certain spec
arcas for breeding, but disperse from these sites into the surrounding territ
from time to time. As Jack (1919) has so ably stated: “the whole movement
is analogous to that of a rising flood flowing along favourable channels a
gradually extending the flooded area ”. In other words, the outward movement
of flies commences from specific areas. These are the permanent breeding sites
and when contraction occurs, the movement is again towards these sites.

To prove this contention, a survey of breeding sites with the object
demonstrating pupae and pupal casings was commenced in January 1947,
le aerial application of the synthetic insecticides DDT and BHC was extenc
wsetse fly densities were markedly reduced. The result was that unhatched pupae
soon became comparatively difficult to find. It was soon realized, however, that
pupal casings would serve as an even more reliable guide in establishing the
actual permarent breeding grounds. Previous observations had shown that pu
casings, protected as they are to a great extent from weathering in their shelte
situations in soil, remain clearly recognizable for a period of several years.
was held that in the permanent breeding sites of the flies, pupal casings wo
accumulate progressively over a period of years. If searches for them were
conducted in a systematic manner by well organized teams, their relative abundance
would indicate the sites most favoured by the flies for depositing their larvae.

Teams of from six to eight natives, all trained in the methods of search ar
recognition of puparia, were set to work to systematically survey the whole
the potential fly area. Work was commenced in the game reserves where,
generally speaking, the highest densities of flies were known to exist. From the
cenires the surveys were extended outwards until areas were reac d in which
no ev. nce of breeding could be established.

The method adopted consisted of the slashing away of vegetational c
where overhanging canopy formation impeded entrance into thickets. Sur
debris in the form of twigs and leaves was removed by hand and the search
casings conducted by carefully drawing the fingers through the overlying laver
of humus-bearing soil and thus exposing them. Experience soon served to indic
those situations in which pupal casings were likely to be encountered. By syster
tically working through the various areas, the survey was completed in just over
two years, i.e. from January 1947 to March 1949.

Recordings were made of the daily totals of casings taken by each team,
the number of natives employed and the time worked. From this data the relative
density, in terms of casings per boy per day. was calculated for the various areas
surveyed. The density so obtained was plotted on a map of the area,

Map 3 represents the breeding areas of G. pallidipes in the Mkuzi game
reserve in terms of pupal casings per boy per day. High breeding area denotes
10 to 50 casings per boy per day, low breeding area denotes 1 to 10.

The Mkuzi game reserve is situated within the coastal plain of Zulu
and consists of flat country heavily bushed in parts. It carries a very high dei
of game, the bulk of which are impala and nyala with, however, many k
wildebeest, small game and a few black rthino. [Diceros bicornis (Lin.].
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In comparison with the other game reserves the density of pupal casings
found was not high, but it must be borne in mind that owing to the flat natu
of the country and the more or less uniform density of the bush, breeding was
dispersed over a considerable area. However, the tendency for breeding tc
confi d to certain specific areas was clearly manifest. As the surveys exte
outwards from these localities, the density decreased rapidly until no n
evidence of breeding could be found. In many such areas high densities ot adult
G. pallidipes could often be demonstrated.

In Map No. 4 (appended), the breeding areas of G. pallidipes, in terms  the
pupal casing survey for the whole of the fly-infested areas of Zululand, is given.

way of comparison, the distribution of the three species of tsetse flies in
Zululand is given in Map 5 (appended).

The two maps show very clearly the extreme limitation in extent of the
actual breeding areas of G. pallidipes in comparison with the distribution of the
flies. Breeding has been confined largely to the three game reserves which
represent the habitat of the bulk of the game antelopes. These scerve as the

manent readily available hosts of the flies and ensure their continued existence.

im these reserves dispersion has occurred into the surrounding areas which
carry large numbers of cattle. They serve as hosts of a more temporary nature
and afford a less reliable source of food, due to their susceptibility to Nagana
and consequent mortality.

In the heavily bushed and, for the most part, narrow valleys c~astituting the
tributaries and feeder channels of the Mkuzi and Pongola rivers to 2 north-west,
=5 well as along the courses of many small rivers and streams entering St. Lucia

ake, small areas of breeding, as evidenced by low densities of pupal casings,
were found.

Some of these areas must be looked upon as probably constituting localities
in which breeding of a permanent nature has occurred, and in which G. pallidipes
has been able to maintain itself without reinforcement of additional numbers from
the larger breeding centres. Papert (1930) has shown that G. pallidipes was

resent in the valley of the Pongola river near the railhead at Gollel as far back
as 1928, and there is no reason to believe that the flies have not persisted and
hred in the area since that time. On many of the farms in this area game has

cen preserved and the fact that these antelopes have been confined to compara-
tively small localities where they would fulfil the function of reliable permanent
hosts, scems to account for the occurrence of the more or less circumscribed
scattered brecding areas.

Tur Ust orf THE NEW SYNTHETIC INSECTICIDES TOR THL CONTROL AND
ERADICATION OF TSETSE FLIES.

The first of the new synthetic insecticides to become available in quantity
in the Union of South Africa was DDT. 1In 1945, reports from the war office
of the United Nations were received which recorded the successful application
of this insecticide. It was applied by means of aircraft to the control of the
vectors of malaria and muscid flies, connected with outbreaks of dysentery.
amongst troops in the Pacific theatre of operations. Nagana was at its height
in  1luland at the time and as little if any success had attended the efforts made
in the past to control the disease or the principal tsetse fly transmitting it.

. pallidipes, serious consideration was given to the possible use of DDT as a
means of combating the vector.
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Freliminary experiments conducted at the field laboratory [Kluge (1945)
unpublished reports] in the Umfolozi game reserve indicated that G. pallidipes
and G. brevipalpis showed a high degree of susceptibility to DDT ap e as
a space spray in organic solvents or to contact with residual deposits applic to
dry grass. The tes.s indicated that the insecticide could possibly be applied with
advantage to combating the flies, provided some practical means of applying it
over extensive areas could be found.

No details were available of the apparatus used >r distributing the insec-
ticide from aircraft in the above-mentioned war office reports and it became
necessary, therefore, to devise some suitable method of atomizing the insecticide
so as to apply it successfully by means of aircraft.

The problem as it presented itself at the time comprised an area of approxi-
mately 7,000 square miles. Nagana was rife amongst the numerous herds of
cattle in both European farming areas and native reserves, in the greater portion
of which G. pallidipes were abundant. (See Map No. 5 appendzd.)

The description of the life history and habits of G. pailidipes makes it clear
tkat the application of insecticide could be directed against the adult flies only.
A fog or cloud of finely divided particles, which would remain airborne for as
long as poss'ble so as to exert the maximum effect upon the highly mobile adults,
secemed tc be called for. The covering of vegetation with a residual film ot
insecticide which might or might not exert its effect, ould flies alight upon it,
appeared less desirable.

1. Methods of applying insecticide by aircraft.
(a) Insecticides in atomized liquid droplet form.

With the object of producing a cloud or fog of finely divided particles of
insecticide in a liquid base, an apparatus embodying the principle of the ventiri
tube was constructed. Figure 3 illustrates diagramatically the atomizer fin
adopted. The liquid insecticide was fed by gravity into an annular space in a
brass casting surrounding the constricted throat of the venturi. From here it
flowed through a series of radially placed %7 holes into the actual throat. A
funnel of sheet metal, situated anteriorly, directed the airstream caused by the
forward motion of the aircraft into the throat where, due to compression, it was
accelerated. Behind the throat a second longer sheet metal funnel, having an
angle of 14° internally, created a partial vacuum which further accelerated
airstream at the throat. Atomization of the impinging liquid streams took place
in the throat but it was found that the droplets tended to coalesce against the
sides of the posterior funnel. To overcome this difficulty a cone of sheet metal
was attached, as illustrated, over the end of the posterior funnel and the accelerated
airstream from this cone compleled the process of atomization. Tests of =
apparatus set up in a wind tunnel by the military personnel of the South African
Airforce, with the airstream set to 120 m.p.h., gave the readings at the various
positions in the apparatus indicated.

Each of six Anson aircraft was fitted with two atomizers mounted beneath
the fuselage at the trailing edge of the wing. The liquid insecticide was carried
in tanks of 200 gallons capacity in the fuselage, and emission into the atom s
was effected by gravity through a partially flexible pipeline and a cock contr 1
by the pilot.

~ The insecticide consisted of a base of furnace oil containing dissolved te -
nical DDT to give a final concentration of 5% of the para para isomer. ate of
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twnae of aircraft emitting insecticide in thermal aerosol form, the aircraft should
wn as close to treetop height as possible. The pilot should have unrestricted
wiaipility, which is best achieved by facing the nose of the machine to the hillside.
the same time, this position ensures that the tail rotor will be well clear of
obstructions. By commencing the spray run at the base of the hill and
ascending parallel with its slope, the gravitational force acting upon the fluid
insecticide tends to promote a steady sustained flow. No definite swathe width
~an be given and coverage of steep bushed valleys and hillsides is judged by the
it on visual observation and cxperience.

The smoke or thermal aerosol method of insecticide dispersion has certain
very dcfinite advantages from the point of view of adult tsetse fly eradication.
iart from ease of application, rapidity with which a given area may be covered
and the fact that the method facilitates complete coverage, penetration of heavily
ished regions down to ground level is assured. Whercas the amount of any
atomized liquid spray deposited upon foliage stands in direct proportion to the
nsity of vegetational canopy, the semi-gaseous smoke penetrates effectively to
> lower levels where the major portion of the tsetse flies occur. Under good
~orditions the smoke from the fixed-wing type of aircraft descends to ground
v within seconds and this effect is even more pronounced in the case of the
nelicopter where the large horizontal rotor assists in forcing it downwards.

Tsetse flies can be destroyed by aerial application of insecticides in the adult
siage only. It is obviously of advantage to apply insecticides at a time when
mass hatching has occurred and the maximum number of adults are present with
the minimum number of pupae in the ground, where the latter are inaccessible.

has been shown this is the position in early spring at the onset of the warm
weather. This period represents the late dry season in most parts of Africa when

setational cover is at a minimum pending the onset of the summer leaf flush.

» eradication must now continue uninterruptedly throughout the summer months

in order to achieve really effective control or complete eradication and a method

~apable of remaining fully effective throughout the period of ever-increasing over-
zad leafy canopy possesses very obvious advantages.

(iy Insecticide formulations used for the production of smoke or thermal
aerosol—To start with, technical DDT was dissolved in compression-ignition

oil (diesel oil) to give a content of 16% of the para para isomer. This required

addition of toluol to hold this amount in solution at temperatures as low as
sz F.—approximately the lowest temperature recorded during transit of the
material by rail from the factory to the site of operation.

At a later date DDT was replaced by benzene hexachloride (BHC) principally

r reasons of economy. In the preparation of the solution the technical I C

was dissolved in diesel oil by heat. On cooling a large quantity of the less soluble

alpha and beta isomers were precipitated from the solution and the gamma isomer
content was adjusted to 49,.

(1) Estimation of dosage of insecticide applied. 1t will be appreciated that

in attempting to arrive at an estimate of the actual dosage of insecticide per
cation over a given area of bush, no more than an approximate figure can
rrived at.

In the case of the liquid spray where the rate of flow of the 5% I T-furnace
solution was adjusted to 26 gallons per minute, the dosage applied was
mated on the basis of a 70 yard swathe width. Spraying was carried out at
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generator rises to a height of 12 or 15 feet where it cools rapidly and si
ground level. There is a tendency for a large proportion of the vaporized
to become deposited within a radius of about 10 yards around the gen
A sufficient concentration remains to produce a satisfactory mortality, ho
up to a distance of 35 yards on all sides.

The method of applying the smoke generators in the heavily bushed v
amongst hills was to use natives, each of whom carried 16 generators in a cnvae
carrier on his back. The generator boys were spaced at 70 yard intervals
each other. At intervals of 70 yards a generator was placed and ignited ¢
operators progressed. This gave a coverage of approximately one generatc
acre. Assuming an even distribution of the smoke this represented abou
a pound of technical DDT per acre, or 34 mgm. p.p. isomer per square yard.

The smoke generator method of applying insecticides had certain seriov«
disadvantages from the practical point of view. Each generator had to be = .ct
by hand, frequently on steep hillsides covered by almost impeuetrable bush, ana
much time was expended in reaching the various sites. Once libzrated om
the generator the smoke could not be controlled. This restricted the application
of the method to certain favourable sets of climatic conditions and these
met with only in the early mornings and late afternoons of favourable
Katabatic action of air frequently caused the smoke to flow into the low
parts of valleys. These could be completely blanketed with smoke, leavin
hillsides inadequately covered.

(d) Applicatior of insecticides in dust or powder form.

~An alternative means of applying insecticide in areas inacceseible to
wing aircraft consisted of applications in dust or powder form. WO me
were adopted, depending upon the nature of the terrain to be negotiated.

In the low-lying more level areas of valleys, a mechanical type of
powered by means of a 14 h.p. air cooled engine was employed. The t
sirocco-type fan and engine were mounted on a tubular metal frame wi
pneumatic-tyred wheel slightly forward of the centre of gravity. Two
barrow type handles enabled the contrivance to be held in position and
along game paths and narrow tracks cut in the bush. These constituted tt
means of negotiating the dense thickets. The dust was emitted through a
of flexible 37 rubber hosing.

This apparatus is illustrated in Figure 9.

On steep hillsides dust was applied by means of hand operated bellow-t
dusters carried upon the backs of natives, as illustrated in Figure 10.

A dust containing 5% technical DDT (75% p.p. isomer) was applied at
rate of 5 Ib. per acre or approximately 17 mgm p.p. isomer per square yard.

Exposures of blowflies and tsetse flies, conducted in the manner descrihad
for the smoke generators and aircraft, gave mortalities averaging 709% to
These were considered sufficiently high to justify the application of the n
on an extensive scale.

Although this method of applying insecticide had similar disadvanta
that of the smoke generator method in being slow and necessitating the nego
of large inaccessible areas on foot, it represented an improvement on the :
method. In dense bush the dust was less affected by adverse climatic -
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1. The Mkuzi game reserve.

The initial progress achieved in the control of G. pallidipes in the M
game reserve, as a result of the application of DDT in liquid droplet form
been described. The conclusion drawn, that the reduction in the densit
G. pallidipes in the breeding area profoundly affected the incidence of this sg
in the dispersion areas, supports the view that only t  principal breeding
required attention.

Further support was afforded to this theory when, in 1946, the central
of the Mkuzi reserve was subjected to a series of eight applications by ail
of DDT in smoke or thermal aerosol form. (For 1 : sake of convenien
recording the flies caught in Harris traps, this centrai portion was subdi
into what became known as the “ high density area ” to the east and the
density area ” to the west. The former section harboured a greater concentr
of game and somewhat higher densities of flies were generally recorded).

The applications of insecticide were spaced at roughly 10 to 14 day int
and covered a period of almost four months, namely, from the 7th Augt
the 30th November, 1946.

A sudden and spectacular drop in the incidence of G. pallidipes occt
after the first application and the Harris trap catches reflected a steady susis
drop in fly incidence thereafter with fluctuations of a inor nature only.

At the completion of this series of applications a period of obser
followed during which no further insecticide was applied. The weekly tot
flies fluctuated between nil and six or seven during the ensuing six m
averaging three to four per week. It was believed, to start with, that a thre
might have been reached which would no longer permit an insect with so li
a breeding potential as G. pallidipes to maintain itself. This was not the
however, and it was suspected that the Harris traps were not reflecting ths
density of fly still remaining in the reserve.

In July 1947, bait cattle were introduced. This had the effect of incre:
the weekly totals of flies captured to around 30, most of which were being t.
in the “ high density area ”.

In order to determine whether some breeding was still occurring within =

confined area within the “high density area ”, as was suspected from the loc
in which the greater numbers of flies were being caught, DDT was applic
an area of three square miles by means of thermal smoke generators. Six apj
tions, spaced at three weekly intervals, were made between the 27th August
the 20th December, 1947. This had the effect of reducing the catches w
the “high density area ”, from around 25 or 30 per week to six or seven.
the same time, however, the weekly totals of flies ¢ ight in the “low de
area ” showed an upward tendency.

It was realized that complete cradication within 2 breeding areas had
been achieved, although complete absence of all flies in the dispersion ar
surrounding the reserve had taken place some time previously.

In January 1948, a final series of nine applications of insecticide by al
commenced. In the case of this seriecs the applications were spaced at t
weekly to monthly intervals and covered a period of ht months from the
January to the end of September 1948. The spacing of the applications ir
series was based upon the principle that with each application the ~overa;
the bush with insecticide would ensure almost 1009 kill of all adult =s pr
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