


TRYPANOSOMIASIS IN ZULULAND AND THE CONTROL OF TSETSE FLIES.

It has been necessary to make use of various scales in order to portray
rate of decrease in fly incidence. This creates the impression that the redn~tinn
was more gradual after the commencement of spraying than was actu
case. In October 1947, bait cattle were introduced to supplement the
trap surveys and thus increase the efficiency of the surveys throughout the
The five groups (of two each) to start with, were added to gradually
April 1950, the total number of groups operating had been increased to 2
was considered sufficient to thoroughly cover the entire area, The intrc
of bait cattle surveys, considerably more efficient than trap surveys, cr
impression of an increase in the apparent density of flies. For this rea
two methods must be recorded separately.
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Aerial applications with five to six Anson Aircraft were conducted
throughout 1947, at intervals of approximately three weeks to one m
1948, no spraying was carried out during the winter months and difficu
experienced with serviceability of aircraft during 1949. This resulted i
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Prior to the introduction of helicopters, DDT was applied to the north
mountainous areas by means of thermal smoke generators and in dust form,
according to the methods described in Chapter VII, (¢} and (d).

In the following graphs, Figures 18 and 19, an attempt has been made
certain valleys within the Hluhluwe reserve, to compare the various methods
treatment applied in terms of trap surveys and bait cattle surveys. 1e latt
unfortunately, came into operation rather late.

It will be noted that although both smoke generators and dust applicat
tend to reduce the incidence of flies, the fixed-wing aircraft and helicop
represent a much more efficient means of achieving this end.
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The same difficulties in continuing the applications of insecticide by aircr
during 1949 to 1951 were experienced in the Hluhluwe as was the case in tre
Umfolozi reserve. Helicopter operation was more satisfactory, however, in 2
mountainous areas to which their use was confined, but during the latter portion
of 1950 and early 1951, the sustained regular applications of insecticide by tl
aircraft was not entirely satisfactory.

In August 1951, the work of applying the insecticide was taken over
private contractors using light aircraft of the fixed-wing type in the more I
portions of the reserve to the south and helicopters in the northern mountain~ie
areas. The contract called for the application of insecticide at three-we
intervals during the summer months of 1951-1952, ie. from  igust to the
of May. This schedule was well maintained and the results achieved in t
of trap and bait animal surveys have been portrayed in Figure »>. 17.
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acre per application or 18s. per acre for eight applications. The costs are
waue up as follows: —

Aircraft of this type necessitate their being based at a well-pr :d
aerodrome. This frequently entails a considerable amount of unpro Ve
flying to reach the site of operation. Operational costs amount to £22
per flying hour. Ground coverage with insecticide, on the basis of
120 m.p.h. forward speed and a swathe width of 70 yards, amounts to
50 acres per minute. Each aircraft is capable of 30 hours flying per month,
on an average, of which 10 hours represents actual insecticide application.
This comprises 30,000 acres per aircraft per month, or, total flying costs
amount to 5-28d. per acre. This figure includes maintenance and
personnel. Insecticide, or aerosol, consisting of 4% of the gamma isomer
of BHC in diesel (fuel) oil, amounts to 8s. 6d. per gallon. This is fed
into the exhaust stacks at a rate of 10 gallons per minute—equivalent to
50 acres, or 1 gallon per 5 acres. The cost amounts to 20-4d. per acre.

This gives a total cost of 25-68d. per acre per application or 17-12
shillings per acre for eight applications.

Piper cruisers—Flying costs in this case amount to £12. 10s. 0d. per aircraft
hour of which hall represents time spent on applying insecticide. These light
mireraft can be based on air-fields prepared close to the scene of operations as
r are capable of taking off and landing over relatively short distances and on
rough surfaces. Being more manoeuvreable than the heavier type of aircraft,
their turning radius is short. This enables them to com te a swathe and to
commence with succeeding swathes in a much shorter time. Finally, these aircraft
were fitted with fuel-line pumps which ensured an even rate of flow of the insec-
de in all positions of the aircraft. This feature was not incorporated in the
son aircraft and, consequently, they were forced to apply insecticide while
nvig on an even keel or ascending. This necessitated considerably more dead
ing on the part of the Ansons.

Ground coverage with insecticide on the basis of 100 m.p.h. forward speed

and a swathe width of 25 yards amounts to 15 acres per minute. Thirty hours
month operation can be averaged of which 15 hours represents actual insec-
e application. In this way each aircraft covers 13,500 acres per month.
| flying costs amount to 6-7d. per acre. Insecticide (4% gamma BHC aerosol)
d into the exhaust stacks at a rate of 1-3 gallons per minute which is equi-
nt to 15 acres to give a cost of 8-84d. per acre.

The total cost amounts to 15-54d. per acre per application for each aircraft,
or 124-32d. (10-36s.) per acre for eight applications.

(b) Helicopters—Sikorsky S$51.—The operating costs of this type of aircra
amount to approximately £45 per flying hour inclusive of ilot and maintenance.

Application of insecticide is conducted at varying forward speeds ar w

e of insecticide is controlled by the pilot according to the forward speec 1e

usual forward speed is 40 m.p.h. and the flow rate of insecticide averages 33

lons per minute. Swathe width averages 70 yards, which gives a figure for
und coverage by insecticide of approximately 17 acres er minute.

Spraying time, in relation to flying time amounts to  proximatelv half. n

onthly basis it has been possible to operate helicop.rs for a- -oximatelv

1ours per month of which approximately half (or 15 hours) represents actu

: of insecticide application. This is equivalent to a cnverage of 15,300 acres

month per aircraft. From this data, operating or ‘ing costs amount )
<1 18d. per acre.
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Insecticide costs, on the basis of 3-3 gallons per minute and a swathe w
of 70 yards, which is equivalent to a coverage of 17 acres per minute, amo
to 13-92d. per acre.

Total costs, i.e. flying time plus insecticide costs, amount to 35-1d. per
per application. For a total of eight applications the costs amount to £1. 3s
per acre.

For the sake of comparison with a method of tsetse fly control whict
been practised very widely in Africa and used to a limited extent only in Zulu
namely, discriminative or thicket clearance to render the habitat of th
untenable, the various methods of insecticide dispersion discussed may be sui
rized as follows. A hypothetical number of applications in each case is ¢
which is considered to represent the minimum required in easily accessible te
to effect eradication, in order to serve as a basis for such comparison.

Discriminative or thicket clearance ... ... ... £1 2 6 p. acre
DDT smoke generators (8 applications)—say £2 0 0 »
DDT dusting (8 applications)—say ... ... ... £4 0 O .
Ansons aircraft (BHC 8 applications) ... ... 17 0 .
Piper cruisers (BHC 8 applications) ... ... ... 10 4 .
Helicopters (BHC 8 applications) ... ... ... £1 3 4

Dipping in DDT (dispersion areas) for
12 months 1-37d. .

4. Summary of costs of advocated methods.

Assuming that, of the methods actually applied, those which have pro
the most practical and economical only had been employed throughout, = ¢
could be computed on the following basis:—

Discriminative bush clearance ... ... ... ... £1 2 6 p. acre
Piper cruisers (8 applications) ... ... ... ... 10 4 ”
Helicopters (8 applications) ... ... ... ... ... £1 3 4 .
Dipping in DDT (12 months) ... ... ... ... ... 1-37d. .

Items 2, 3 and 4 have been omitied in favour of the less expensive and 1
practical light aircraft (e.g. Piper cruisers), and helicopters used. Discriminauve
clearing could be omitted but was actually used and is included. If the a
costs per acre were to be applied to the area of Zululand actually reclaimed
G. pallidipes as representing the most economical method of procedure it
light of experience and present knowledge, the costs must be apportionea as
follows : —

Discriminative clearing—approx. ... 2,000 acres £ 2,200
Piper cruisers (8 applications) app. 115,200 ,, £ 59,520
Helicopters (8 applications) app. ... 25,600 ,, £ 29,867
Dipping—12 months app. ... ... ... 4,364,000 , £ 25,000

Totals 4,507,600 ,, £ 116,637

Approximately 4,500,000 ,, £ 200,000

Cost per acre=10-6d.
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It is, of course, obvious that in computing costs on the above basis

discrepancies exist which would form an integral part in any campaign condu
" any arca as extensive as that comprising the fly belt of Zululand.
wnt has been taken of the following:—

Capital expenditure.
1. Accommodation, housing, tents, etc.
2. Equipment, ¢.g. bush clearing equipment, exposure cages, etc.
3. Vehicles.
4. Bait cattle.
Transportation:

(a) Between permanent base and scene of operations. In the present in-

stance about 800 miles.

(i) Railage on aerosol fluid and equipment.

(ii) Aircraft liaison.

(b) Local.

(i) Motor vehicles—maintenance and transportation of stores equip-
ment and personnel.

Labour (a) Native:
(i) Bait animal surveys.
(ii) Pupal casing surveys.
(iii) Road construction.
(iv) Aerodrome, maintenance and loading of aircraft.
(v) Motor vehicle drivers.
(vi) Game control.

(b) European:
(i) Laboratory.
(i) Supervisory.
(iii)) Administration and records.

Tt is not possible to give any accurate figure to cover the costs involved in
bove-mentioned items, but adequate provision for all eventualitiecs would be
» by doubling the overall costs of the operations per acre. On this basis the
costs would amount to under 2s. per acre which, in terms of the ground recla
:ntly from the threat of Nagana, would appear to represent an extremery
avestment.

> actual figure expended in Zululand amounts to between 9s, and 10s.
It must be borne in mind that this figure includes an enormous amount

yratory research in evolving ways and means of disseminating the incec-

the cost of insecticides, labour and transportation. It represents cons:

stage in both flying time and insecticide during the course . devising

; of application of insecticides finally adopted.

XII. DISCUSSION.

The evidence brought forward in this paper appears to indicate that the
and fly belt, which incorporates Glossina pallidipes as the dominant sp~ries,
ersisted as an isolated entity at least within recorded time. at some .nd
: existed at one time between Zululand and the rest of the continent of
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Africa, where G. pallidipes shows a similar tendency towards localisation, ;
reasonable to assume. An even greater tendency towards localisation exi:
the case of Glossina brevipalpis, by virtue of its more specialised climatic re
ments. Glossina austeni also displays a marked tendency towards limitati
certain vegetational thicket types. However, evidence has been obtained
in Zululand and Portuguese East Africa, of its occurrence in irregularly distri
localities largely confined to the coastal plains, from Zululand into East A

In relation to Nagana in domestic animals, the savannah species (G.
dipes) is the only Zululand tsetse fly capable of causing extensive epizootics.
is due to its faculty for dispersing into vegetational types in which the other two
species are not able to exist for any length of time. In this way a far greater
degree of contact between G. pallidipes and domestic animals is liable to o
than is possible with either G. brevipalpis or G. austeni. Domestic animaris
seldom wander into their domains, unless forced to, in their search for v
Even in such cases, the fact that these species are largely crepuscular in b
necessitates a somewhat exceptional set of circumstances before any very
degree of contact can occur. During the course of the present eradication
campaign, evidence has been obtained that dispersion in the case of G. pallidin«
appears to occur when the density of fly reaches a peak. / this stage, »
might be termed a “ population pressure ” becomes manifest within the bree
arcas. These breeding areas can be determined within very close limits by means
of pupal casing surveys, as has been shown. They represent areas, which
the most adverse conditions, are capable of supporting a community of tsetse
due to the balance which exists within them between the flies and their clit
and food requirements. In relation to the entire area infested by G. pallinines
in Zululand, the breeding areas comprise no more than 3% in extent. Ev.
exists, as a result of the surveys conducted, that a similar state of affairs a
to both G. brevipalpis and G austeni. 1In relation to the areas into which
species will disperse and which are strictly limited in themselves, the brx
areas are very much more extensive.

Increased activity and a tendency to spread into territory surrounding
breeding areas have manifested themselves in the case of G, pallidipes  inte
of roughly ten years. The explanation for this phenomenon is not crear.
correlation appears to exist between such periods of increased activity ar  se:
of increased rainfall, as far as can be judged from available records. The st
of Fiedler, du Toit and Kluge (1953) on parasitism by bombyliids, previ
mentioned (Chapter IV), may afford an explanation of the cyclical activitv ol
species, but it must be admitted that these considerations are largely atve.
Further investigation into this problem in an area in which the tsetse fly p~nulation
has remained undisturbed, would perhaps yield information of considera’ : value.

During the course of the studies on the bionomics of the Glossina spp., which
embraced both G. pallidipes and G. brevipalpis, the duration of the period of
pupation during the colder periods of the year from about ril to Augu or

ptember, is of considerable interest. Under natural conamons the limits
pupation may approach five months during the colder weather. That :ch a
period might be inferred, finds support in the results obtained by the first series
of insecticide applications in smoke form, applied in the . uzi game res
between August and November 1946. Within this period of four mc
G. pallidipes was reduced from an average of 1,350 flies per week to abou
or less per week. It must be admitted that 100% destruction of all adult
with each application cannot be assumed, but according to numerous expc
tests of tsetse flies in cages, the mortality achieved appeared to exceed ¢
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In view of the fact, however, that as has been stated, the area involved in
al applications of insecticide has comprised only about 3% of the entire

on infested with G. pallidipes, repopulation of the treated portions from
surrounding untreated zones occurred very soon. Furthermore, residual deposits
of insecticide upon vegetation and other objects played no part, nor would the
d between applications have coincided with the developmental periods of
insect species. The result was, that in spite of a temporary depletion in
msect numbers, especially following applications of insecticide, specimens of all

: normal orders were constantly obtainable.

In the absence of actual counts of numbers, observations have shown that
there has been no noticeable depletion in the total of insectivorous species of
birds, amphibia and reptiles.

XIII. CONCLUSIONS.

As the result of the campaign for the eradication of G. pallidipes from Zulu-
la. commenced in 1945 and now at the time of writing, December 1952, nearing
completion, a number of conclusions based upon the experience gained, appears
to be permissible.

Of the three species of tsetse flies present, namely, G. pallidipes, G. brevi-
palpts and G. austeni, the first named only is capable of causing widespread
epizootics of Nagana amongst cattle. This is due to its capacity of dispersing
widely into savannah woodland, in which the latter two species are unable tc
exist, and thereby coming into close contact with domestic stock.

2. The habitat of G. pallidipes is capable of division into clearly defined

ding areas of limited extent and extensive dispersion areas not readily
1able.

3. Pupal-casing surveys constitute the only known means of determining
arcvrgtely the limits of the breeding areas. From the experience gained in
and they comprise 3 percent or less of the dispersion areas.

4. Two annual peaks in the density of this species occur. (One such
anifested immediately prior to the onset of cold weather (about  »ril or |
represents the culmination of summer breeding activity. 1e other 1s
ciated with the onset of the warm weather in spring (August or September)
represents the mass hatching of accumulated pupae deposited at the end of

e previous summer. The reason for the occurrence of the latter peak is to be

fonnd in the greatly extended duration of the pupal period which occurs during
winter months.

5. The method described of applying insecticides, (BHC for preference due
» rapidity of action and relatively low cost) by means of aircraft in ¢ oke or
ermal aerosol form is regarded as thoroughly and economically practcal.

h. The breeding areas only need be treated as the reduction in fly density

n them following treatment causes the cessation of dispersion. In the absence

or reinforcement by dispersion from the breeding areas flies die out of their own
cord in the dispersion areas.

7. Tt has been concluded that treatment of breeding areas should commence

iust prior to the onset of the spring peak, and applications spaced at three-weekly

monthly intervals, should continue for at least eight months; preferably to the
set of cold weather in April or May.

383



TRYPANOSOMIASIS IN ZULULAND AND THE CONTROL OF TSETSE FLIES.

8. Planned game control, to limit the extent of breeding by confining
within certain regions, serves to subdivide very extensive breeding areas.

9. G. pallidipes is able to persist in breeding areas at extremely low densities.
If total eradication is not achieved the survivors may build up again fairly . ly
unimpeded by parasitism, as pointed out by Fiedler, du Toit and Kluge 3)
In an article discussed in the text.

10. The method of insecticide dispersion is not so readily applicable
G. brevipalpis and G. austeni, as their breeding and dispersion areas appear
almost coincide in extent. This necessitates the treatment of large areas, frequer
inaccessible to fixed-wing aircraft. Furthermore, no satisfactory methods to
determine the presence of adults of the latter species exist, thus making t
estimation of results difficult.

In conclusion it must be stressed that the eradication of G. paliidipes o -
has been aimed at in Zululand. The reasons are that it is the only species
considered to be of cconomic importance and its primary breeding areas
confined to Zululand. The eradication of G. brevipalpis in the Hluhluwe game
reserve was undertaken on account of its localised cccurrence in this area with
that of G. pallidipes. Both G. brevipalpis and G. austeni extend beyond the
border of Zululand and their eradication would entail the co-operation of the
Portuguese authorities, without which suck an attempt would be foredoomed to
failure.

XIV. SUMMARY.

1. The distribution of Nagana and its imporiance as a limiting factor in the
development of the livestock industry in Africa are stressed.

2. The relationship between the tsetse fly belt within the Union of
Africa and those occurring in Portuguese Fasi Africa is discussed, er
being laid upon the isolation of Glossina palidipes in the Union.

3. Within Zululand the range of dispersion of G. pallidipes, G. brevipalpi«
and G. austeni, occupying approximately 7,000 square miles, have been plotte
and the breeding areas accurately determined.

4. The bionomics of the Glossina spp., in Zululand and the dominant r
of G. pallidipes in the causation of epizootics of Nagana are dealt with.

5. The cyclical appearance of Nagana epizootics at fairly regular inte
of approximately ten years and theories attempting to explain this phenom
are considered.

6. Methods of survey for establishing the relative density of adult and
immature flies are dealt with and their merits in arriving at a conception 1e
biotope of the different species discussed.

7. The preliminary investigations and the methods finally adopted fer the
application of DDT and BHC, together with the technique employed f
eradication of G. paflidipes over the entire, and G. brevipalpis in a loc
area of Zululand, are described in detail.

8. The value of bush clearing as an important aid in the control of tsetse
flics and the manner in which it was used in Zululand are poir | out.
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9. Costs connected with the application of the procedures actually employed
compared and attention is drawn to the potentialities of 2 methods advocated
wing the experience gained.

10. The possible application of the methods used in Zululand to the eradica-
tion of at least some Glossina spp., in other parts of Africa is discussed.

i1. In view of insufficient knowledge regarding methods of survey the
-actical eradication of G. austeni requires further investigation. Its elimination
om the Union necessitates international co-operation, which would alsa be
nacessary in the case of G. brevipalpis on the international border with P _ ose
st Africa.

12. The direct and indirect effects of mass applications of insecticides to
extensive areas of bush upon the fauna and flora are considered.
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