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Agricultural Research Council of Central Africa

Resume of Tsetse Breeding Project Report

y RICRESs IRIZFPOR
[ouRTH ~ —FNUEFy = June 196§L

Following the resignation of Mr. J. Ford, who initiated work at the Chlrundu
Field Station, a resident entomologist with a research background was appointed,
and, together with two other graduate workers, forms the group responsible

for conducting research. A Senior Field Officer, a Farm Manager, fourteen
Field Assistants and a considerable body of casual labourers make up the

rest of the unit.

Quarters have been completed for all staff, and some extension to the water
supply on the station has become necessary. Radio-telephorie communications
have been established with head office in Salisbury, which makes for more
effective running of the ,roject.

One hundred and six head of cattle, and the same number of sheep, are now
kept at Chirundu. These animals are all kept free of trypanosomiasis by

drug prophylaxis. Supplementary feeding of animals used in experiments has
become necessary, and balanced rations are supplied in accordance with advice
from the Agricultural Research Council's Animal Productivity Unit. It is
anticipated that a number of indigenous animals will be used in preferred-
host studies, and a start has been made with the acquisition of three bush

pigs.

Considerable diffirulty has been experienced in maintaining transport in
serviceable condit .. Part of the trouble has been poor service available
in Rhodesia for vehicies made in the U.S.,A, Field conditions in the rainy
season make vehicle maintenance very difficult. Two new access roads are
being made, and, together with replacement of troublesome vehicles, should
result In improvement of the transport position.

The research programme started by Mr. J. Ford before his departure has been
continued, and following the increase in staff has been expanded considerably,
The programme was composed of the following sections:- 1) Routine procedures
such as taking meteorological records, patrolling of marked transects with
numbered fly-catching points to check on tsetse numbers, and studies on the
variations in behaviour of tsetse at different times of the day. 2) Research
efforts, which wers divided into two major parts:- a) Attempts to form
localised groups of tsetseiby tcthering cattle permanently in suitable tsetse
country. b) Attempts to maintain localised groups of tsetse in cages. Within
the latter section, lines of investigation were 1) investigations on the
type of shelter required (resting sites, shade patterns), 1{i) modification
of the climate in the cages by sprinkling water on cloth kung on the cages,
ii1) Investigations on predator control in the cages.

Results from the transects show marked differences in distribution of tsetse
in different seasons, and also between comparable seasons in different years.
Such variations have been recorded elsewhere in Africa, but the cause is not
yet fully known. At Chirundu, disturbance of the game population due to
building operations may have been an important factor in the observed decrease
of tsetse numbers at Chirundu over the last year.



Catches of tsetse from stationary animals in different vegetation types have
been made at regular intervals. |t appears that, on a percentage basis, more
females occur in a population In dry deciduous woodland than in the denser,
and greener, vegetation near the rivers. Howsver, in terms of total numbers
populations near the rivers are much greater. Great differences in the degree
of activity of the fly at various times of the day have been recorded, and

the pattern of feeding changes with season.

In attempting to determine whether a group of tsetse flics could be localised
by becoming centred on a group of cattle permanently tethered in one place,
numbers of flies caught on the cattle were marked and released at the same spot.
Recaptures of marked flies give an indication of the movements of the fly.
Information to date shows that flies move considerable distances from the

point of capture. Distances moved vary with vegetation patterns, and it
appears that, by careful selection, a suitable locality might be found where
tsetse could become centred on cattle.

Investigations are being made into preferred larviposition sites of the tsetse
with the idea that if such sites can be made artificlally one may be able to

crop pupae in the field more effectively. Ant-bear burrows are known to be
favoured sites for larviposition by tsetse in the hot season. Observations

have shown that burrows have a tendency to face the same direction,and.that :there
is no clear reason why certain burrows are preferred over others. Tempera-

ture records show that.climate within a burrow is cooler and moister than

that outside.

An 8 x 12 x 12 feet roofed cage was constructed in which investigations on
conditions needed for fly survival have been conducted. Initially natural
bush was left in the cage, but fly survival was poor, and it was decided to
remove the vegetation and use artificial resting sites, Cloth screens of
various types were used, sacking was draped round the walls of the cage and
kept wet to reduce the temperature, and both cattle and sheep were tried as

a food source. Predators were kept at a minimum by a moat round the cage and
by using tanglefoot and poison baits., None of these measures has been
successful in enabling flies to be kept alive for long periods in the cage.
Flies in small cages, which were kept in the larger cage, survived, indicating
that there was a tolerable environment for flies in the big cage. Tests to
determine causes of fly mortality continue.

A climate controlled room large enough to contain cattle is being constructed,
and an attempt will be made to establish flies in it. A roofed cage covering
quarter of an acre to a height of ten feet has been erected. When equipped
with a variety of resting and larviposition sites, attempts will be made to
establish flies in this cage.

R. J. PHELPS.



RESEARCH ON THZ STERILITY METHOD OF TSETSE FLY CONTROL OR ERADICATION
THIRD PROGRESS REPORT (JUNE 196L4-JANUARY 1965)

Research on Chemosterilization of the Tsetse Fly, Glossina morsitans
orientalis ~ ARS

Considerable progress has been made during the six-month period from June 1964
to January 1965 on methods of chemically sterilizing tset.e flies. Research
was concentrat¢ - on four different methods of administering chemosterilants

to the tsetse fly, Giossina moristans and included also some chemosterilization
studies with Glossina pallidipes and related studies on biology, mating, and
behavior. These studies, summarized below, would have been impossible

without the help of the Agricultural Research (Council (ARC) of Central Africa
which supplied approximately 63,000 field collected tsetse fly(ﬁupSEEfrom

which 40,000 adult flies emerged for testing. , T

G. morsitans males, injected with I(yl; of aqueous sterilant solution, were
completely sterilized with ! ug. of tepa and 5 {ug. of metera, @pholate and
hempa‘produced high mortality withoot attaining complete sterility.

Two day old G. morsitans males were completely sterilized by exposure of
15 to 240 minutes to residues of 10 and 50 mg/sc ft of tepa on glass.
Exposures of 60 minutes or less to 10 mg/sq ft apparently did not reduce
male longevity, although 240 minute exposures reduced the longevity of
virgin males by 25% and mated males by 33%. Exposure ror 24 hours caused
complete male mortality within 2 days. Malesz and fema'les exposed to

10 mg/sq ft for 15 or 240 minutes, when O to 24 hour, | day, or 2 day old
adults, were completely sterilized. Emerging males, and females given

<§§ libitum exposures to 10 or 50 mg/sq ft were completely sterilized.

Two and 4 hour exposures to 10 mg/sq ft of metepa caused a high degree

of sterility in 2 day old G. morsitans males, but reduced the longevity of
virgin males by 12% and mated males by 17%. Similar exposures to apholate
produced inconsistent male sterility at 10 and 100 mg/sq fr. Hempa failed
to sterilize but caused fumigant toxicity at 50 and 100 mg/sq ft.

G. morsitans males exposed for 4 hours to 10 mg/s5q ft of tepa or metepa on
glass failed to recover feitility during a 5 week test period, at the end
of which the males were 41 days old. At this age both the treated and
untreated males, having already copulated several times, exhibited a marked
reduction in ability to successfully fertilize females.

Laboratory and field cage tests indicated that the sexual competitiveness
of G. morsitans males was not reduced by a 4 hour exposure to residual
deposits of 10 mg/sq ft of tepa on glass.

G. morsitans adults which emerged within two weeks after being dipped as
pupae in 5% tepa solutions were sterile, while later emergees were only
partially sterilized. Those from pupae washed 24 hours after the 5% tepa
dip were fertile. Metepa at 5% caused complete sterility by the pupal dip.
Lower dosages of metepa or tepa were less effective. Apholate and hempa
dips produced no sterility,



Preliminary tests in the wind tunnel resulted in complete sterility of
G. moristans males following exposure to 5% tepa.

The average reproductive capacity of 25 pairs of untreated G. morsitans adults
caged for a period of 4 weeks under standard test conditions was 28 pupae,
from which 26 adults (93%) successfully emerged. Mortality prior to the
initiation of the test cages was negligible and survival over the 4 week

test period was 72% ard 77% for males and females, respectively.

Seventy-six percent of G. morsitans females held at 79+29F had e*!gsed by 2
the 24th day after larviposition while 91% of the males emerged later,
suggesting a possible method of separating the sexes in the pupal stage.

A high proportion of G. morsitans females accepted a second mating when the
second opportunity came :zoon after the first mating, but only a low propor-

tion did so when the time lapse was as much as 3 to 4 days. Untreated males
were capable of inseminating an average of 6.6 females. Males exposed for

4 hours to residual deposits of 10 mg/3q ft of tepa or glass inseminated an
average of 7.7 females.

Regardless of the duration of copulation, sperm from G. morsitans males was
transferred to the female predominantly during the fimal stages of copulation.

Up to 5 mintes elapsed after the natural cessation of copulation before

normal amounts of sperm were detected in the Gpermathecae,, and 10 to 60

minutes elapsed before the sperm mass assumeJ\TtyﬂnﬁFﬁéT“Eharacteristic

position and appearance in the spermatheca. No differences were seen in

the behavior of sperm from untreated and treated males. Untreated males remained
~in copula)for an average of 123 minutes and treated males 134 minutes.

Exposure of G. pallidipes for 15, 60. or 240 minutes to residual deposits of
10 mg/sq ft of tepa on glass caused high male sterility. Although the
sterility was permanent, this species was less tolerant to tepa than

G. morsitans and treated males exhibited a sharp reduction in male longevity,
sexual vigor, and competitiveness. Untreated males inseminated an average
of 13.8 females while treated males (4 hour exposure) inseminated 8.8.

A hign degree of sterility was achieved in G. pallidipes males and females
exposed as pupae to a 5% tepa dip.

This research demonstrates the feasibility of sterilizing tsetse flies
chemically. However, further research will be undertaken on the best method
of sterilization and the behavior and mating competitiveness.of sexually
sterile males.

Mass Rearing, Biological, and Ecological Studies - ARC
1. Introduction
During the period from June 1964 to January 1965 livestock have been well

established at the Chirundu Field Station, the majority of the buildings are
completed and experimentation has begun.



2. The Station

Facilities for personnel at the Chirundu Station including quarters for two
Experimental Officers and two Field Assistants, a small visitor's quarters,

a combined office and small laboratory building, a storeroom, and a workshop
and vehicle shelter have teen completed. Water is available in these quarters
as well as at the animal paddocks.

Cattle and sheep which are row maintained at the Chirundu Field Station are
doing extremely wel!; however, their maintenance requires prophylatic drug
treatment because the Station is located in an area of heavy trypanosome risk.

One 5-ton International lorry was lost in an accident at the Field Station.

A replacement is being obtained with insurance money. Aithough all vehicles
supplied from the United States seemed well suited to the tasks for which they
were purchased, transportation has been a problem, Operating over very rough

- terrain, breakdowns are frequent. Replacement parts and professional mechanics
capable of servicing these vehiclas are not available or are difficult to obtain.

3. Staff

Mr. John Ford, Principal Investigator for the Agricultural Research Council
of Central Africa (ARC) resigred his position as leader for ARC research.
He has been replaced by Mr., Godfrey J. W. Dean who will devote all of his
time to this project and by Mr. R. Phelps who will assist in this project,
These two scientists are familiar with tsetse fly research and will be an
excellent addition to the research staff working on this research proposal.

L, Experimentation

The starting point of this project was the suggestion by Dr. E. F. Knipling

that domestic animals under drug protection might be used to build up a population
of higher density than is commonly observed in nature, and that from this
population large deposits of pupae might be harvested. This idea, developed

in conjunction with the stationary bait animals catch technique now being

used by Mr. Pilson, provides an entirely new opening for field research on

tsetse fly ecology.

Although the first experimental attempt to contain and produce a high density
population by use of an open cage failed, it did, nevertheless, provide
evidence that the basic idea of using cattle to act as foci for aggregation
fg:mg}igg_sz~i9und. . N

The cage experiment was designed on the assumption that a high wall would
prevent the escape of the introduced flies, which, initially of course, were
all tenerals. It was assumed that these flies would feed on the oxen inside
the cage and, since a proportion of them would be marked while feeding (and
assuming also that the females would produce a second generation and so on)
that the proportion of recaptures of marked flies would eventaully reach a
constant level related to feeding and marking frequency and to population size,
Catching, marking, release and recapture as a bait ox outside the cage would
provide the control.



Results obtained in the cage experiment are summarized as follows:

(a) The cage did, in fact, provide an obstacl!e to fly movement in that it
prevented flies from entering (to some degree although not entirely). Flies
seeking to enter were hungry flies moving at little above ground level. The
cage was iess of an obstacle to ''sexually appetitive!' males.

(b) Teneral flies newly emerged from pupae introduced into the cage fed
on the oxen inside the cage and, having fed, ascended the trunks of the trees
and then moved out of the c2ge at top canopy leve!. This is easier to
imagine at the beginning of the experiment, when the mopane still had a good
lea’” canopy, than at the end when it was leafless. Mr. J. Condy, of the
Veterinary Research Laboratory, has made the useful suggestion that the cage
experiment might be done again in vegetation which was knpown to support a tsetse
population, but which is less tall than the surrounding cage wall, A G, pallidipes
thicket populaticn suggests itself,

(c) The daily presence in the cage of four oxen provided an ''attraction
center' for the natural ambient tsetse population which formed an aggregation
around the cage of hungry flies. This was manifested firstly by the larger
catch with higher female percentage at the curer ox, secondly by the failure
of the catch at the outer ox to diminish in the same way as did that inside
after cessation of emergence from the introduced pupae and finally, by an
unexpected build up of G. pallidipes.

(d) The emergence of some 2500 fiies built up the cage population and,
because it quickiy escaped, also augmented, for a time, the natural popu-
lation of the area around the cage. We rave no idea of the availability of
G. morsitans in the Zambezi Valley, rut i+f it were about i0 percent, the
returns for September and October of No. ! and Ne. 2 Fly-rounds, suggest a
population density in the cage neighborhood of between 4 and 5000 flies per
square mile, The emergence of 2500 flles might therefcre be expected, for a
short time, to have a measurabie effect on local popuiation density. The catch
increase at the outer ox between the 10th and 24th of September could be
attributed partly to this and pa: 'y to the formation of the aggregation
noted in (c) abcve. But, of course, the availability may be more, or much
less, than 10%. There is little point in futher speculation along these
lines.

(e) It is worth noting that Mr. and Mrs. Pilson in a recent departmental
memorandum give data (used by them for annther purpose) which support the
idea that a standing ox will form an atiraction center about which flies will
aggregate. They had four ouxen under simultaneous observation on five
occasions between the 12th and 2lst of October,inclusive. The total of
catches from all four oxen on the 12th was 151 G. morsitans and this total
increased in each of the succeeding three counts to 311 on the 19th. On
the 2Ist it was 291. Mr. Pilson has pointed out to me in conversation that
one ox, in mopane woodland, did net show this marked increase. If, therefore,
we consider the other three oxen (in riverine Brachystegia and Combretum
communities) the relative increase is even more striking and is continuous
from a total of 109 on the 12th to 260 on the 2lst,

(f) 1t was concluded that the build up of the catch inside the cage
was due to the newly emerged flies; of that outside to these flies as well
as to the formation of an aggregation around the attraction center inside the
cage (query - through the medium of the scent?). With the dispersal of the
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introduced population, the catch inside the cage rapidly fell; but that on
the outside remained relatively high.

(g) A proposed cattle grid experiment will be an attempt to repeat these
observations under somewhat different conditions and, by using a number of
animals distributed over a relatively large area, to build up a true population
as opposed to merely creating an aggregation within an existing population,

It was thought that the pupae introduced to the cage were becoming over-
heated and some attention was paid to the problem of conling the pupa tray.
Later, because a coo! relatively humid refuge was an et:ential part of the
"furniture" of the small cage used for testing 'aboratory flies by Dr. Dame,
some investigation of ant-bear hole pupa sites was carried out by Mr. Wilson.
He found, by placing recording thermohygregraphs in these roles that their
air temperature varied between 23 and 27°C and hum:dity between 70 and 80%.
This, of course, is a very much more equable ciimate than that in the outer
air which, in November, when these observatiors were made, showed daily
temperature variations in a screen between i7.! and 41.5°C, with humidity
between 36 and 85%. Mr. Wilson later constructed artificial "ant-bear holes"
which gave temperatures varying between 23 and 28.5°C and -elative humidities

from 67 to 79%.

Experiments _involving “fly-rounds' and "stationary bait animal catches' has
been initiated to determine biological and ecological factors associated
with tsetse flies at the Chirundu Field Station. Principal objectives of
the studies are determining the diurnal activity of the flies and population
trends and locations.




