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I. INTRODUCTION

The U.S. Agency for International Development (AID), Department
of State, in accordance with the National Environmental Act of 1969
published "Environmental Procedures," Amendment 216 in the Federal
Register, Volume 41, No. 127, 1976. The Amendment insures that
environmental factors and values are integrated into the decision-making
process of AID program actions. This teport describes AID's first step
in implementing the new amendment, an environmental assessment of the
TA/AGR Tsetse Research Project on the Sterile Insect Rclzase Method
(SIRM) that is currently being conducted in Tanga, Tanzania. The Project
i8 jointly sponsored by U.S. AID and the United Republic of Tanzania.

The Rules and Regulations of Amendment 216 provide for exemption
from environnental assessment of "controlled experimentations confined
to small areas and carefully monitored." Although the Tsetse Research
Project may well meet the requirements for exemption, AID has elected
not to apply the provision. The Tsetse Research Project was initiated
in 1966 and therefore the absence of an initial impact statement (see
216 .3 of the Rules and Regulations) has meant that the assessment team
did not have the benefit of the evaluations from other Federal Agencies
which for future programs may be available.

The environmental assessment team was appointed in the fall of
1976. It conducted a literature search in the U.S., convened a
preliminary planning session and soon thereafter, undertook an on-site
visit in January of 1977. AID requested the assessment team to provide
AID and the Host Country with a comprehensive statement of the reasonable
foreseceable environmental eftects of the SIRM as a component of an
integrated tsetse fly eradication program at Mkwaia Ranch. The assess-
ment team was also asked to consider technically viable alternatives,
so that the expected benefits of development objectives could be weighed
against any adverse short or long-term impacts upon the total environment
or against any irreversible or irretrievable commitment of resources.

The Tanzania-AlID Tsetse Research Prcject is an experiment to test
the SIRM under controlled circumstances. Advances in tsetse fly biology
and fly sterilization techniques indicate that the tsetse fly may be
susceptible to control by the SIRM in appropriate combination with
other methods of reducing the fly population. 1t is also possible that
the SIRM may develop into an important maintenance control method.

The success of failure of the experiment will provide the necessary
guidelines for future large-scale operational programs.

The assessment team undertook to: (1) describe the existing ecosystem;
(2) delineate activities that might have beneficial or deleterious effects



on the environment; (3) assess the type and icvels of pesticide and
herbicide application; (4) anticipate the effect of the treatment
upon the ccosvstem; (5) assess direct social and economic implications
of the SIRM on animal and human populations; and (6) assess hew an
understandine of the basic science of tsetse fly eradication can
contribute to ecosvstems management, The information thus derived
has been collated in this report for concerned persons in the U.S.

and Tanzania.

We wish to thank the staff at the Tsetse Research Project in
Tanga, the management of the kwaia Ranch, the Department of Zoology
at the Universitv of Dar es Salaan, and the Ministry of Agriculture
in Tanzania for their cooperation.

A. PROJECT RATIONALE

Tsetse fly infestation in Africa 1s considered a major constraint
to the full utilization of large areas for agricultural livestock
production. Infestations of the tsetse fly have precluded human and
or livestock occupation of approximately 10 rillion square km, in
Afri-a. There are several types of trypanosozes, but the major ones
cause Nagana in cattle, and sleeping sickness in humans.

With repard to Africa, the Vorld Food Conference in Rome in
1974 declared that "trvpanosomiasis and tsetse fly control must be
the first phase of an integrated plan of eccnonic development."
The declaration was given ureencv in the United Natioms study on
the Future of the World Econonv (1976). The Report argued that "the
major thrust of food supply in the developinr regions will have to
come from an increase in their own agricultural output but even after
mobilizing available excess arable land resources, the land productivitv
(including crop vields and cattle productivity) would have to be increased
at least three-fold in the developing regions if the 5 percent annual
agricultural target is to be realized.”

The Tanzanian Ministry of Agriculture ranks animal trypanosomiasis
second only to East Coast Fever among the livestock diseases which
hinder development. It estimates that 607 of Tanzania is infested
by the fly.

In the past, methods for controlling the tsetse fly have included
large scale clearing of natural vegetation on vwhich the flies depend
for shelter, killing of indigenous wildlife on which the flies depend
for food and, more recently, use of insecticides and herbicides.
According to (J. Ford, 1976), "in Africa as a whole, one estimates that,
since large scale attempts to eliminate tsetse fly were begun in about 1925,
total success may have reached about 1.5% of the infested areas, but
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that almost certainly this has been more than balanced by reinfestation
of formerly fiv free land". With an increasing population requiring
fncreased food supplies at the same tire that environmentaliata are
forcefully making the case for the preservation of natural econvatems,
research activities in biological control measures have been greatly
stimulated. The most promising lead to date is the sterile male
release.

In the case of the tsetse fly, the SIRM introduces within the
environment active tsetse flies who have been rendered sterile by
irradiation. A preponderance of sterile males can virtually halt
the reproductive process of a natural fly population in a predictable
period of time. Since 1963, U.S. AID has supported research on the
development of techniques necessary for suppressing Glossina m.
morsitans the species of tsetse which is a principal vector of
animal trypanosomiasis in East Africa. The research has been conducted
at Tanga, Tanzania.

The objective of the Tanra Project is to determine the efficacy
of using sterile males for tsetse fly population control in an area
protected from reinfestation., The questions to be resolved are
whether a sufficient number of flies can be reared in the laboratory,
sterilized, transported, and released so that the flies disperse and
effectively compete with the males of the natural population.

B. PROJFCT FACILITIES AMD THE TEST SITE

The fly rearing laboratory for the Tsetse Research Project is
located 3 km. west of Tanga, Tanzania. The facilities consist of a
rearing station, laboratories, and headquarters for the administrative
staff. Construction began in June 1972, and the third insectary was
completed carly in 1977 In addition to the three insectaries, there
are associated animal sheds, aniral quarantine buildings, and an
irradiation cormplex. The 8 hectares surrounding the buildings serve
as the animal paddocks and the forage crop production area.

In addition to the routine rearing of flies and animal husbandrv,
the 126 member staff has developed methods for handling, sterilizing,
and transporting the tsetse flies and is conducting ecological studies
of the field site. The staff plans to assess the density and distribution
of the natural fly population, the fertility of the fly population

treated on the ranch, and the disease incidence among wild and domestic
animals,

Mkwaja Ranch field site for the TsetseOResearch Project, is
Jocated 100 km south of Tanga, Tanzania (38~ 41.5'E, S° 45'S). The
Ranch has operated under the Swiss management of the Amboni Sisal
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Estates, Ltd since 1953. Approximately 12,000 head of commercial
cattle graze the ranch which consists of a coastal woodland-savannah
vegetation wosaic varving from open grassland to dense thicket and
high forest. The ranch is divided into northern and southern sections
(see Figure I). The northern section covers about 260 sq. km. and is
the site of the research program; the southern section is slightly
smaller and serves as the untreated control area.

Tsetse files (G. morsitans, G. pallidipes, and G. austeni)
inhabit the ranch and transmit animal trypanosoniasis to the livestock.
Human trypanosomiasis does not occur on the ranch or in the surrounding
area. Four times each year the livestock receive prophylactic treatment
(1sometanidiun) to prevent trypanosoniasis and in addition they are
dipped weekly in tovaphene to control tick-borne diseases.

Since the beginning of the ranch operation, several programs have
been undertaken to :ontrol the tsetse fly. However, today the tsetse
flies are present in even larger numbers than they were originally.
Importantly, moreover, G. n. morsitans, which was not detected earlier,
has become a donminant tsetse species. Past experiments with insecticides
and partial barrier clearing have failed; the only new element to be
introduced intc the environment by the Project is the sterile male fly.
These conditions, together with the large number of cattle at risk,
make the Mkwaja Ranch an ideal site for the field trials.

C. PROJECT SCHEDULE

The Tanga Tsetse Research Project was conceived in three phases.
The first phase, now successfully completed, was to establish a captive
colony of G. m. morsitans. The second phase is to expand the colrny 30
as to produce suificient numbers of flies for sterilization and release.
The third phase is to complete the ecological studies and field operations
for the suppression or eradication of the tsetse fly in a test area of
about 260 square kn. The colony of G. m. morsitans at Tanga is the largest
colony of a single species of tsetse fly in existence. The colony will
reach the level of 45,000 females and 15,000 males sometimes between
June and September of 1977, making available between $500 and 1200 males
for daily release. These numbers will permit a daily release rate of
3 to 6 flies per square km.

The present conception of the release technique is based upon
letting the bulk of the females emerge at the rearing laboratory (females
precede males in exergence) and cooling the remaining pupae (mostly
males) for transport to the Mkwaja Ranch where they will be irradiated
and released prior to emergence as adults. The release of the sterile
males will follow two or three aerial applications of endosulfan designed
to reduce the tsetse fly population to a manageable level. The releases
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will continue for 16 to 20 months. The effectiveness of the treatment
will be monftored by routinely assessing the fertility and population
density of the target species, G. m. morsitans, and the density of

G. pallipides. The adjoining section of the ranch will serve as the
control area and will not be treated. The Tanga Tsetse Project is
expected to be completed by the end of FY 1979.

ITI. THE EXISTING ECOSYTEM

A. THE MKWAJA RANCH

Description of an ecosystem requires comprehensive consideration
of the interaction between living and nonliving portions of a natural
unit. In order for the whole interlocking mechanism to function as
a natural communitv, its various components must be present in sufficient
approximation of working harmony to permit normal growth and replacement
of the constituent plants and animals. Examples of the nonliving
components of an eccsvsten are emergy, water, essential minerals, and
atmospheric gases. Ixamples of the living components are forage and
food producing plants, food producing animals, organisms which aid in
recycling, and the dczinant species which create the gereral character
of a landscape. It is necessary that all these materials and prccesses
be compatible if an ecosystem is to approach its proper rate of
productivity. Rezoval, stress, or ill health of the important partici-
pants can reduce production of materials or cause the natural resources
present to diminish.

At the Mkwaja Rench, the elevation, topography and soils vary and
these differences re-resent distinctive ecosystems. The past and present
land use has deterczized the natural cormunities as they are described in
this report. The ceneral setting for the regional environment has been
ably presented in T:2 Natural Resources of Fast Africa (Russell 1962).
Another important reierence is the Atlas of Tanganvika (1956). Specific
source material will be cited in developing the discussion of separate
environmental elecents.

Since the establishment of the Mkwaja Ranch in 1953, the management
has tried to control the tsetse fly by barrier clearing and use of
insecticides. Livestock productivity depends, however, upon chemoprophylaxis
and drug treatrert as the most effective ways to combat trypanosomiasis.
Because of the ranch's professional management and experienced employees,
this ranch operation represents, as T. Ford and E. Blaser wrote in 1971,

“a large scale f{ield experiment'" in commercial livestock production in
the semiarid regions of East Africa.

Prior to the ranching operation, the land had been unoccupied be-
cause of the low rainfall and the generally poor condition of the soil.
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It 1s representative of many other areas where farming cannot be
productivelv undertaken, but where livestock operations could bhe
maintained. The Mkwaja ranch manager described the major constraints
to improve livestock productivity as, first, the tsetse flv, and

second, pasture maintencance in the face of the rapid bush regeneration.
Forage quality is also a problem and varies from season to season,

The Mkwaja ranch employs 200 workers who, together with their
families constitute essentially the total Present population of 600.
All the settlerents on the ranch are related to its operation,
Approximately half of the workers and their families have resided
on the ranch for over ten years. The other half, primarily herders,
come and go frequently. The job of herding has low status and the

turnover is so great that it is constant source of frustration to
the management.,

Almost all scttlement services are provided by the ranch. The
first ranch school was opened 18 months ago by a teacher provided bv
the government. Only first and second grades one offered, and children
must go to the neighboring village 8 km distant to continue their
education. Some 40 children on the ranch reside in small settlements
near the corrals or bomas and do not receive any scholling. In
compliance with the government campaign that was initiated two years
ago, the ranch ranapement embarked upon a massive reading progran
for adults. FEvery worker who could read was excused from work two
afternoons a week to engage in teaching. This effort lasted for about
& year; at its completion, the literacy rate had risen from 30 percent
to 90 percent. Other services provided by the ranch are housing, water,
and minimal health care.

The ranch organization is atvpical. It is the only ranching
operation in Tanzania which as remained under private ownership,
Although the ranch has invited neighboring farmers with cattle to take
advantage of insemination and disease control procedures, there has been
little response. The role of the Mkwaja Ranch in training and providing
regional leadership is disproportionately small in comparison with its
substantial experience in livestock production.

Figure I shows the ranch and the surrounding areas. The ranch area
occupies the width of the coastal plain and is divided into two sections,
north and south. The Tsetse Project field site is an irrepular squara
between the Indian Ocean on the east and the East African Railwav on
the west going north from Dar es Salaam to Tanga. Along the north side
of the ranch lies a fairly dense mountainous high forest; to the south
is the control area of wooded grassland which resembles much of the test
site uplands. Between the ocean beach and the ranch is a strip of
scattered small plots cultivated by subsistence farmers. The nearbhy
villages are occupied by member of the Zigua tribe. About 5 km to the



northeast of the ranch begin the extemsive estates of sisal, cashew
and coconuts.

1. Non-Living Components of the Environment

Physiography: The coastal plain at the Mkwaja Ranch release site
is a flat, narrow belt of consolidated sands extending inland about
20 km to the toe slope of the escarpment that raises to the Masai plains
gome 70 km distant. Elevation on the site varies frem mean sea level
near the mouth of the Msangazi River, containing brackish tide water,
to high points of about 100 w on the central east-west ridge that trans-
verses the ranch; approxinately half of the ranch area lies below a 65 m
contour. The Msangazi River flood plain which courses through the
northern part of the ranch does not exceed 40 n in elevation. The lower
oceanside portion is a slightly raised, level plain that does not exceed
S0 m above the mean sea level. This nor-south strip occupies the eastern
25%Z of the ranch.

Climate: This tropical region is characterized as having high
humidity, an annual rainfall of 800 to 1200 mm, and mean annual temperature
ranging between 24° and 32°C. From the requireczents of plant growth,
the area has a subhumid tropical climate; however, the potential evapora-
tion and moisture deficit is high during the dry seasons, altering the
clipate of semi-arid conditions at times. Rainfall patterns at the ranch
are typically bimodal. The 2l-year average annual precipitation is
1,008 mm; however, rainfall is erratic as in rany-places throughout East

Africa. Beginning in 1969, six out of eight years recorded an abnormally
low rainfall.

Averages for the 21-year record period as well as for the moist
and dry segments are given in Appendix A. Vhen analyzed, these figures
show apeak for long rains in April and short rains in November. The
corresponding low points in the dry season occur in August and again
in February. Humidity remains high except during the mid-day period
of direct overhead solar radiation, and the corresponding period of
relative humidity sometimes reaches as low as 35 and 40 percent for
several hours (see Appendix A).

Parent Material and Soils: The substratum underlying the coastal
plain is a combination of coral rag, sandstone, and some limestone
(Atlas 1956). The first 5 km inland from the coast contains underlaying
of Quarternary alluvium; the next 10 km band contains Quarternary sediments.
Deeper marine sandstcones and limestomes date back to the Jurassic reriod.
The east central uplands of the ranch are suspected to have been coveed
from a raised Plaistocene reef. Upland soils censist mainly of gray and
red orange loamy sands; flood plain alluviun found along the Msangazi
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River consfats of pray to dark prav "black cotton” notla, Soflr of

the eastern coastal ptain are loosely consolidated and form shallow
sandy drainarewavs coursing south and eastward toward Mkwaja village.
The greyish cast is a humic layer to a depth of about 25 cm. This
humic layer is also present throughout most of the uplands except on
steeper slopes. Below this depth is a red-orange sandy loam. Bleached
greyish brown sands, occur in areas of recent erosion and on steeper
slopes. Finer, light-colored sandy clay loams of the Msangazi flood
plain-and along lower portions of the alluvial flats show heavy con-
traction cracks in rain pond relief. Along the south eastern upland,
soils grade from rather well consolidated grey~brown surface sands

in the north central poition to poorly consolidated red-orange sands

in the southeastern corner. Where the central uplands break toward the
Msangazi River to the north and west, grey sands again become higher in
color; this reflects more rapid geological erosion from the stceper
slopes. Isolated outcropping of coral rag can be found at or near the
surfacc throughout the southern parts of the ranch.

Watcr: For several months following good rains, the Msanpazi
River maintains a continuous course across the ranch. Other larger
drainapes svch as the Chogera tributary, which drains the northwestern
extension and a few rivulets in the southeast corner also flow

following the November-December and March-aApril rainy periods. Large
earthen dans provide vear round water for cattle and game. There are

65 dams; 40 are presently functional which is unusual considering the
loosc sandy soil texture. During the dry season cnlv the largest dams
retain water and frequently water is hauled from a distance of up to

32 km. There are 15 good reservoirs, some in excess of five hectares.
Attempts at exploiting subsurface water have not been successful.

Salt water is all that has been obtained from the several previous
borehole attempts. At the present time a borehole is under construction
on which an accurate log is being kept. The prospects for this 41 m
well appear to be favorable and will provide hydrological information

of this little surveyed region south of the Pangani River.

Atmospliere: Atmospheric conditions, apart from the climate,
consist of air movement patterns and particulate suspensions, both
natural and man-nade. As to the latter, except for somewhat excessive
daily cattle trailing to and from the corrals (bomas) and the necessary
administrative vehicular travel, no man-made agents are produced which
escape into the air. Natural agents consist of wildlife induced carbon
particles and associated oxides from buruing herbaceous and woody materials.
The uncontrolled fires are usually caused by man but on a sufficiently
routine basis to be considered a normal or "matural' phenomenon. These
fires are much reduced and less frequent than earlier years when the
ranch was undeveloped land. Formerly, wildlife begun through the coastal
plain highgrass and consumed all but the most resistant woody species
during both the short and long dry periods each year. Lightening un-
doubtedly was an agent in the large scale firespread, but under present



range grazing conditions is of less significance. So called wildfires
contribute nearly all smoke particulate matter except that from wood
fires needed for meals preparation by the ranch household.

Wind patterns follow a prevailing westerly path from the ocean
and are stronger during the February - March short dry season than
during the July through September long intermonsoonal period. Daily
wind (1100-1600 hrs.) movement is highly irregular with strong drying
mid-day winds dimipishing to near calm between 2200 hours and daybreak.
Mid-day extremes might approach 25 to 35 km per hr), while normal move-
ment 1s between 10 to 20 km hour. Upper level storm patterns can
originate from inland convection patterns but the monsoonal begin at
sea. Storms produce intensely heavy rain of short duration which, when
occurring on dry or super saturated soils, produce large volume run-off
with accompanying sheet and gully erosion. These high run-off situatioms
are aggravated by the excessive removal of ground cover caused by cattle,
trailing, grazing and fire.

2. Living Components of the Environment

The topical subhumid coastal climate produced by the equatorial
latitude and coastal geography has furnished a diverse ecosystem of
plants and animals. Most of East Africa is geologically old, with plant
and animal evolution and speciation having proceeded uninterrupted
relative to the penreral situation in the tenmperate zones. In spite of
more recent feological changes along this eastern coastal region, plant
and animal speciation and distribution show a mixture of interior
ecosystems with that of the marine and oceanic environments.

The impact of the ranching operation has not radically altered the
fauna or flora so as to exclude many, if any, species. Perhaps the
greatest change which has resulted from twenty years of domestic grazing
animals has been the rapid encroachment of woody vegetation. In the
past, the high voluzme of grass fuel for repeated burnings prevented bush
establishment and maintained only fire tolerant species. The recent
efforts to suppress range fires and the effect of livestock grazing have
resulted within a short time period in the invasion of bush and the

consequent mobilization of much uf the nutrient capital of the basic
s0ll productivity.

These vegetational changes have altered the composition of the
dependent animal comnunities. This is not to say that any species of
animals or plants have necessarily disappeared; on the contrary, some
existing or new species may well have acted as invaders or actually
Increased their presence. Wart hogs and perhaps waterbuck are examples
of species which have been favored by the livestock occupation.
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Animal Ficld Inventory Procedures: During the six day survey
period, the range ecolopist lopeed all large animal species obuerved
in order to approximate the biomass. Bass data included date, time of
day, route traveled, kilometers traversed and the number of animals by
species. Gender was noted when detected. The total of 23.5 hours of
deytime observation represented a normal distribution of morning, midday
and evening hours. More species were observed during morning and evening
activity periods than during the midday periods. This was particularly
true in cases of the ruminant ungulates. During the field inventory
373 km of primary and secondary bush track were tranversed. In additien,
cross country travel and foot safaris were undertaken to observe plant
and animal communities throughout the entire ranch. Animals recorded
during the inventory constitute about 407 of the species known to reside
for at least part of the year on the ranch.

Anfimals not seen but known to be present, such as the elephant
and buffalo, would add considerably to the biomass. The field inventory
and the complete list of larger mammals, birds, and reptiles known to
occur on the ranch are given in Appendix B.

Plant Communities: Appropriately, the translation for the Swahili
word Mkwaja is the locally conspicuous tamarin tree (Tamarindus indica).
Unfortunately, this is where a .imple approach to identificatien and
classification of Tast African coastal vegetation ends. Althourh a
number of classification schemes has been suggested for East African
plant communities and ecosystems, none has yet been generally accepted
or has stood the test of time. The in-local classification is the

physiogomy or plant structure and the surface area coverage by the
dominant woody species.

In view of the variation in local methodology and the nature of
this in-local tsetse fly habi-at, it was decided to combine the best
features or several systems in use and develop a classification method
which would meet the specific objectives of this assessment. A review
of the literature upon which the assessment method for typing and map
preparation was drawn is found in Appendix C.

Limited time precluded a detailed inventory listing of all six
types of species components. However, major trees, bush, and grass
associations are presented and discussed in Appendix D. The field survey
was essential for the analysis of the 1976 aerial photos and the sub-
sequent preparation of the map. Our general interpretation followed
the scheme of land units (coastal plain-bush grassland) proposal, Christan
(1958). Gillman, who was perhaps most familizr with Tanzanian vegetation,
broadly mapped the Mkwaja region as bushed grassland (1949). The assess-
ment team analysis identifies the field site for the Tanga Tsetse Project
as four major and three minor land units and associated vegetation cover
types.



-12 -

l. Evergreen grouped tree grasslands found generally
throughout the western and southwestern uplands.

2. Mixed (deciduous-evergreen) wooden and/or bushed
grassland interspersed between the above forest islands
and making up a large part of the northwest extension.

3. The Doum palm-high grass savannah found in the
eastern coastal lowlands.

4. Doum and Borassus palm-high grass found in the alluvial
flood plains of the Msangazi River.

The minor types which occur in addition to these units may be identified
as riverine gallery forests of the Msangazi River and tributaries, the
high mixed (evergreen-deciduous) forests of the northern and northwestern
mountains, and secondary bushland thickets.

B. THE TANGA. REARING LABORATORY

The Tanga Project employs 126 individuals, of whom five are
expatriates. The senior staff includes four entomologists, a veterinarian,
and a rearing specialist. Theve are 2 research officers, 3 field officers
and 14 assistant field officers with government certificate training.

The remaining employees are laboratory and field assistants drivers
and support staff.

The construction of the insectaries began in June of 1972; and the
third and final insectary was completed in early 1977. All facilities
are sinmply desipned and,except for the importation of scientific
instruments,have been built with local materials. Thx complex consists
of the three "nsectaries, associated animal sheds, animal quarantine
buildings and the irradiation unit. The 8 hectares surrounding the

building serve as the animal paddocks and the forage crop production
area.

The insecta ies are designed to house 60,000 flies capable of
producing 30,000 males per month. Approximately 490 goats and 115 rabbits
are maintained as hosts for the flies. The Tanga laboratory uses only
blood of living animals. A method for feeding colonies of tsetse flies
on blood presented through artifical membranes has recently been developed
in Europe, but was not available when the Tanga Project was initiated.

In the future, however, the costs of mass-rearing flies will be much
reduced by the use of membrane feeding.



A research program such as the Tanga Project does not have a
primary responsibility for training. However, the on-the-job train-
ing is excelient and must be judged as a significant contribution albeit
an indirect benefit. The laboratory is rearing flies successfully
with a staff (average age 20), only a few of whose members have had
more than seven years of formal education. As the project leader
pointed out, if training is neglected at the research stage, when
the -project becomes operational trained manpower will be scarce.

The conclusion reached from observing the management and work
disciplines of the Tanga Laboratory is that training, intermediate
and advanced, must be a component both of research programs and
operational programs.

The Tsetse Research Project has developed good contacts and
exchanges with other institutions in Tanzania; however, it would have
been desirable if the initial funding of the Project had permitted a
more flexible and innovative outreach program. For . xample, students
from national educational institutions would have profit from short-
term training fellowships as well as opportunities to conduct research
projects under the joint supervision of the Tanga Laboratory scientists
and the host country institutions.

The Project is to be commended for the preparation of a brochures
in Kiswahili. The Project has developed a working relatjionship with
the International Atomic Energy Agency and the Food and Agriculture
Organization and The Tsetse Fly Research Laboratory at Bristol,
England. Informal relationships have been maintained with the ICIPE
and ILRAD in Nairobi.

IIT. THE ENVIRONMENTAL ASSESSMENT

A. PROCEDURES

The measures and procedures used by the team to weigh the adverse
and beneficial impact of the Tsetse Project were based upon the iden-
tification and estimates of the effect of insecticides, and herbicides,
bush clearing, and the release of sterile male tsetse flies upon
the fauna, flora, soil, water, and atmosphere of the test site. These
impacts vere evaluated from the perspective of the proposed control
of G. m. morsitans at the field site and the utilization of the
rearing facility in Tanga . The separate impact were not weighed, and,
therefore, no comparisons were made of their relative significance.

The team notes that the present environment assessment cannot
resolve all the complex socio-economic issues surrounding the mounting
of integrated tsetse fly control programs, including the SIRM, over large
land areas in Africa. The analysis and prediction of the impact upon
human population are considerably more difficult than the technical
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annlysis of the impact of the control techniques themselves. Infor-
mation is simply not available as to how the present populations, often
alrcady abused and impoverished, will respond to new situations brought
about by new technologies. Thus, in its socio-economic evaluation, the
team has limited its assessments to those that could be made with a
high degr.: of confidence and has indicated the limitations in the
analysis.

The estimated environmental effects of specific projects
activities arée summarized below. Each aspect of the tsetse fly pro-
gram at the Mkwaja Ranch and the Tanga Rearing Laboratory has received
a separate evaluationm. '
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B. EXPLANATION AXND SUMMATION

1. Barrier Clearine: The Mkwaja Ranch management had cleared a
one km wide barrier of treces and shrubs around much of the ranch in
order to reduce the migration of tsetse flies from the surrounding
arcas. The Tanga project is presently engaged in completing the
barrier. Clearing operations will be limited to the barrier zone.

In previously cleared sections, the barrier has become open grassland,
and 1t is anticipated that the entire barrier zone ol 65 square km will
be coveraed by grass when the operation is completed. If the grassland
barrier is to be maintained and erosion to be prevented, the ranch
management must continue to invest in the barrier clearing.

2. Application of Herbicide to Portions of the Cleared Barrier:
Following the clearing opcration, the herbicide Tordon 155 will be applied
to control vegetation regrowth. The herbicide will be hand-applied by
brush onto the stumps to avoid general contamination of the soil. The
treatments will prevent regeneration and, in turn, the reestablishment
of insect and avian population that had inhabited the localizel environ-
ment.

The effect of the clearing operatiois on the vegetation is clearly
high but at the same time it is very localized. Similar local but
rather strong effects will modify certain conditions in the animal
community (invertebrate, avian, and mammalisn) in the barrier zone.

3. Application of Residual Deposits of DDT Along the Fdres of
the Barricr: Tae 1 km barrier clearing will not be widc enouph to
prevent all tsetse flies from immigrating into the ranch. Therelore,
the barrier will be reinforccd by the application of DT to vegetation
outside the perimeter of the barrier. Applications of 5% DDT will be
made to the lower 3 meters of tree trunks greater than 25 cm.diameter
and on the undersides of lower branches in nrder to kill resting flies
and prevent movement of flies into the ranch area. One application will
be bi monthly throughout the duravion of the field experiment. The
minimum insecticidal barrier will be 300 meters, and each application
will probably require about 90 to 100 kilograms of active ingredient
equivalent to 2.2 grams per hectare per annum (0.02 1bs) per acre
annually) over the ranch as a whol., and 90 grams per hectare (0.08 lbs. per
acre annually) in barrier zone. Some short-term contamination of surface
water limited to the Msangazi River will occur and limited DDT may
accumulate in certain nontarget orranisms and in the soil. Since the
area to be treated with DDT is relatively small, the effect on nontarget
invertebrates, bird and mammals «:1ll be minimal.
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4. Three Aerial Anplications of Endosulfan: Studies of the
population density of G. morsitans at the Mkwaja Ranch indicate that
two or three aerial applications of endosulfan may be required in
order to reduce the population to a level that can be handled with
sterile mnales. Approximately 215 square km will be treated. The in-
secticide will be applied in droplets (35-45 u in diameters) that float
and impinge upon resting and flying tsetse flies, but are not large
enough to leave a permanent toxic residue. Endosulfan will persist
at low levels in the treated areas. Each treatment will utilize 30
grams./ha. of active ingredicnt, totalling about 600 kg of insecticide
or 90 prams per hectare each (0.0825 1b per acre total for 3 applicatioms).
Five or six such applications at two to threeweek intervals are routinely
used to cradicate G. n. morsitans. Other studies indicate that even with
5 or 6 applications, residues and the effect on non-target organisms are
minimal. Any such effects would normally be limited to invertebrates
and fish. When high concentrations of endosulfan are used, it is toxic
to fish; however, at the time of the Mkwaja ranch applications, the
rivers will be dry and contamination of surface water will b of limited
duration. Air polution during the actual spraying operation will be
transient.

It must be noted that the normal requirement for tsetse fly eradica-
tion over an area of the same size would be five to six applications of
insccticides. The use of sterile males following two to chree applica-
tions will reduce the insecticide application by 40 to 50 percent.

5. Release cof Sterile Male Tsetse Flies: As the surmary table
shows, the release ot the sterile males would not affect any of the
environmental facters. It should be emphasized that the flies are not
radicactive, but they do have the capacity of transmitting disease as
vectors of trypanosomiasis. The release of the sterile males at the
rate of 3 to 6 per dayv per square km, following the reducticn of the
natural population by anrial applications of insecticide, avoids the
situation in which there would be more flies than were present in the
pretreatment population. The anticipated elimination of the target
species from the environment should nct be accompanied by an increase
in population of other Glossinas species since they are habitat-specific
and not interdependent.

6. Rearing of Flies and Host Animal Production: The rearing
activities at the Tanga Laboratory are confined to 410 square meters of
enclosed space and do not cause any environmental impact. Likewise the
maintenance of the host animals takes place only on the enclosed 8 hectares
and has no or little impact on the environment with the exception of
waste accumulation which is dealt with by the septic tank and recycling
of manure.
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7. Socio-Fconomic Consideration: An analysis of the operational
and cconomic feasihility of the rearing laboratory at Tanpa will he
possible only upon the completfon of the field trials {n early 1979,
Simflarly, a usctul cost/benefit assessnent of tsetse {1y control
could not be made on the Mkwaja ranching operation, nor could the
possible application of the economic feasibility of the SIRM be
definitively assessed. Only gross indicators of costs, benefits and
returns were available. The Mkwaja Ranch could not cperate without
a8 careful and expensive regiwe of prophylactics and .urative drugs or
tsetse fly eradication maintained by intensive and continuous insecticide
applications. Only four of the past twelve vears have been profitable
reflecting the substantial capital development costs, including tsetse
fly control measures and an average expenditure of $3.00 per head per
year for maintenance of minimal disease control, Following the analysis
of the SIRM as parv of an integrated tsetse fly eradication program,
it will be possible to compare the *kwaja Ranch with other ranching
operations in Tantania and with other successful livestock operations
such as Ankole in Uganda and Zululand in South Africa.

The team did not have access to the detailed financial records of
the privately managed Mkwaja Ranch and therefore could not directly
assign observable bencfits to specific operations. Nevertheless, based
on observations and discussions with the ranch manager, the following
indicators emerged: (1) a profitable livestock operation is not possible
when the tsetse [iy exists in terms of present state of knowledge of
therapeutic and curative treatments: (2) tsetse fly eradication requires
a8 large initial capital investrment and continuing high cost maintenance:
and (3) ranching operations in the semi-arid regions of eastern Tanzania
must be well planned and well rmanaged with respect to the carrying
capacity of the land and the available water resources,

IV, APPLICABILITY OF THE ASSESSMFNT

A. THE STERILE MALL INSFCT METHOD (SIRM)

The elements of the Tsetse Research Project which are relevant to
existing or future tsetse flv eradication projects may be summarized as
follows: Tsetse fly eradication scheres require extensive planning and
careful cocrdination of each phase of the operation. Of major significance
is the fact that fly populations becorme undetectable well before th: vy are
actually eradicated. Due to the low reproductive capacity and the trw
rate of increase of natural fly populations, rany generations may clapse
before incipient populations are cdetected by normal surveillance techniques.
The use of sterile males to consolidate and insure eradication in the
phase following the use of other techniques may be the most effective
approach under certain circumstances.
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The Project's research activities involve a wide variety of
specific information accrual perhaps more so than other types of
control rescarch. This is due to the fact that livestock are used
to ropulate at the density of natural insect populations of the same
species. Thus, original data are required not only on fly production
requirements, aterilization effects and handline methods, but also on
a wide spectrum of population characteristics of the wild fiics, e.f.
density, longevity, iispersal, seasonal variation, etc. These data
are necessary to make optimum use of the released insects. 1In
addition, integration of the sterile insects with conventional methods
will provide new perspectives on population dynamics that can be useful
in other programs. Thus, all aspects of the biology, ecology, and
insecticide research will provide data and concepts that are directly
relevant to other tsetse fly eradication projects.

Population studies being conducted will be particularly important
as will studies on the effectiveness of insecticidal barriers used to
supplement natural or artificially created barriers. These significant
facets of control technology vill have a major bearing on most other
eradication projects. The advances made on rearing and sterilization
rescarch will directly expand the capabilities of African scientists
to conduct tsetse fly research and related studies on disease transmission.
Ficld studies with laboratory reared flies will greatly enhance the
ecological and biolopical information currently available.

Conclusive preoof that the sterile male technique is effective will
make available another tsetse fly eradication technique for futher
practical development. vass rearing of other species of tsetse flies
as developed for G. m. moristans at the rearing laboratory, will be
applicable to other species, as well as related studies on artifical
rearing techniques being supported by Project funding. An increased
capability in rearing other species will increase the flexibility
of the technique by making its use advantageous in areas with more than
one important vector species. The integration of the sterile male
releases with control programs that might otherwise be only partially
ef fective mav result in effective and efficient eradication of
target species that would not have been attempted. The costs
of using the sterile male technique in this research program may provide
aseful information for predicting the costs for integrated eradication
schemes in other suitable areas, Thus, any contemplated new eradication
gcheme should consider incorporation of sterility technigques in the
planning stages because of the potential economic savings and/or
increases in the total zrea of land cleared with a fixed amount of
capital. For example, in addition to existing tsetse fly control
projects, consideration is being given to field operational proprams
at four locations in Tanzania. 1. The island of Zanzibar; 2. The
West Lake area; 3. Mafia Island east of Dar es Salaam; 4. the Handini
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area near Masailand. Assuming successful completion of the SIRM trails,
it may be anticipated that the insectaries at Tanga might be expanded

to provide sterile flies for new programs. Relevant to this point, in
1971, a panel of 32 internationally recognized experts met in Paris to
deal with the possible applications of the sterility principle for tsetse
fly control. The panel analyzed the possible advantages and disadvantages,
and their summary remains the most reliable assessment yet available.

The following remarks are based upon the report of the panel, (TAEA
Report;- 1972).

1. Advantapcs of the Sterile Male Insect Method: The principal
advantage of the SIRM is that the control effort becomes more economical
as the natural population declines. This economy results because in-
creasing ratio of sterile to wild males are achieved. As the program
proceeds, the total numbers of release flies can be reduced and control
becores increasingly more efficient. In contrast, conventional multiple
application of insecticides becomes less efficient in terms of the number
of insects killed as the population declines because the cost and per-
centage kill factor pev applicaticn remains fixed.

In areas where the SIRM can be utilized alone, this technique avoids
contamination of the environment and selectively attacks one Glessina
specics, resulting in a minimum distriburbance of the environment and
other insects. Dven 1f an integrated use of insecticide is indispensable,
the contamination of the environment nevertheless is considerably less
than that which results from a program based entirely on chemical control.
Unlike the majority of other Diptercz, Glossina species have an extrenely
low reproductive potential and low rate of increase per generation.
Therefore fewer sterile males are required. The density of the vegetation
in the environment, often a serious obstacle for the application of in-
secticides, does not hinder the dispersion of the sterile insects.

When population density is low the efficiency of eradicating the
specics is theorectically better with sterile insect release method than
with insecticides. The sterility method could be utilized as the final
phasc of an integrated program. Release of sterile males in low numbers
can prevent rcestablishment of the species. This technique may be
cheaper and more effective than maintaining constant surveillance. In
areas, where tvo Glossina_species coexist, the elimination of one species
by the SIRM is not expected to result in a sudden increase in numbers of
the sccond species since population sizes are not believed to be
interdependent.

Where the control of tsetse is regarded by the authorities as
necessary to game reserves or national parks, the use of the SIRM would
minimize the detrimental side effects of control. Reduction of the wild
tsetse population by other methods may be necessary before sterile
males can be effectively used. The use of not more than two or three
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applications of a nonpersistent {nsecticide is not likely to significantly
contaminate the environment or damage the fauna except where rare endemic
i{nsects are present. Even in areas where the SIRM does not represent an
economical gain over other tsetse suppression techniques, it may te the

method of choice vwhere disadvantages of chemical or other control methods
must be avoided.

2. Disadvantages of the SIRM: The method is not practical nor is
it designed to be used alone against high natural populations. Prior
reduction with chemicals or other means is a prercquisite. When used
alone this method, unlike insecticides, does not immediately reduce
the insect population enough to rapidly interrupt disease transnission.
Release of large nunbers of sterile flies in an ared where trypanosomiasis
{g endemic could temporarily increase the transmission rate. For this
reason, the method should not be used alone in areas where human
trypanosomiasis is endemic and where ijmmediate interruption of trans-
mission is required.

B. SEPARATE ALD INTEGRATED APPROACHES TO TSETSE FLY ERADICATION

Before chenical {nsecticides vere developed, the two most commonly
practiced methods for controlling tsetse flies involved clearing woody
vegetation on which the flies denrend for shelter and eradicating gome
anjmals on which they depend for food. These methods are rarely
practiced at present; but because of the need to clear a barrier around
the Mhwaja Ranch, the method of vegetation clearing is included in the
following description of tsetse fly eradication techniques.

1. Clearing of Vegetation. Sheer clearing, involviag the destruction
of all trces and shrubs, is an effective means of eradicating Glossina.
It is costly, even when carried out by mechanical wethods (Glover et al,
1959; Wooff, 1967) and is now rarely employed except to establish barriers,
often in conjunction with insecticides, to prevent the reinvasion of
areas freed of tsetse flies. The technique has been employed over wide
areas of country against species of the worsitans group and linearly
against riverine and lacustrine species of the palpalis group. In some
circumstances soil erosion can result, but there is much evidence that
in sanannah regions, removal of all trees and shrubs often causes grass
growth to increasec and to improve pasture (Ford, Nash and Welch, in
Mulligan, 1970). Discriminative or partial clearing involves the removal
of only those elements of vegetation essential for the survival of
Glossina. It has been extensively practiced against riverine G. palpalis
and G. tachinoides in West Africa (Nash 1969) and G. morsitanms, G.
swynnertoni and G. pallidipes in East Africa.
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21. Game Nestricution. Slaughter of game animales as a method of
tsetse control has been widely practiced in the past in Upanda and Rhudesia.
Fven whien refined by removing only the favored host sprecies (Covckbill
ct al, 1969), the method is unacceptable today,

3. Insceticides. Treatment of tsetse-infested zones with fnsect i-
cldes 1s current!ly the nost common method of cradication. Insecticides
are applied as persicrent deposits of such coipounds as DDT, dieldrin,
or endosulfan (either from the ground or from helicopters), or as
sequential applications of formulation of either dieldrin or endosulfan
of ultra low volume from fixed - winged aircraft.

4. Toxicology. The Acute Oral/Dermal (LD20 in Rats) and the Acute
24 hour (LCSO in Fish) of 4 Pesticide/Herbicides is given below in Mg./Kgm.

Endosul fan DDT Dieldrin 2/4-D
Oral 43 .113 46 375
Dermal 130 2000 90 -
Fish* 2.7 7 14 100

*P.P.M. for Blue Gills/Trout fingerlings.

Heavy deposits of persistent pesticides can be applicd discrininatively
from the prountd as a single treatront to the Yesting sites of the {3y,
These pervsistent deposits remain effecrive for soveral ronths, and there-
fore a sinple application even kills the {lies vhich cmerge from puparia
in the s9i1 during the weecks foliowing the application. This method 1is
particularly applicable against species of Glessina with linear distri-
buticns and has been widely practiced zgainse G. tuscires in Fast Africa
(Glever et 21, 1960). The method is less practicable arainst those species,
such as G. worsitans, which often occur throughout vide tracts of couniry,
Such species can be attacked, however, when their distribution is re-
stricted during periods of climatic stress (Davics 1971). The rost
commonly crmploved insecticides ip ground-spray campaigns have been DT
and dieldrin.

Presistent deposits can also be applied by telicopter. Applications
can be restricted to certain habitass but are less discriminative vithin
thoze habitots than are applicaticns fronm the grournd. Extensive rfuccess-
ful operatiors, priuarily apains: G. morsitans, huave been perforred in
Nigeria. Dicldria emnlsion lias been the rost videly used inseczticide,
but trizis have also Leen conduzted vith erdosul fan {Spielberger and
Abduratim, 1972Z; Spiellberger et al, personual ccormunication).

Observation made on the side effects of insecticides used in various
tsetse control schemes indicate that applications of percistent deposite
leave heavy local residues {Park ct al, 1972, citcs inicial deposit of
1-10 g active ingredient ml) that also affect other organisms, esaecially
when applied over large areas. Koeman arnd his colleagues have studied
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these side effects for many years. Koeman and Takken (1976) showved that
even a single application of residual dieldrin or endosulfan caused
mortality in many nontarget species. Helicopter application affected

a wider range of bird species than discriminative groundspray application.
Certain species of the fringing forest birds are very vulnerable and
disappeared from the treated area. Certain rammal populations also

markedly decreased in sice (examples are Tantalus monkeys after application
of diecldrin, and fruit bats after aerial residual application of endosulfan).
Appreciable mortality occurred among fish, acphibians, lizards and snakes.

In gencral, groundsprays are rore discriminative and are therefore
less likely to cause irreversible damage than are helicopter applications.
Endosulfan was found to cause more damage to cold blooded vertebrates
than dieldrin: warm blooded species reacted conversely. In areas treated
once, many of the affected species repopulated the treated areas a vear
or so later by migratine from the ncarest untreated populated habitat,
provided the arcas reclaired from tsetse had not been altered drastically
and the habitat remained suitable. Residues of dieldrin and DDT observed
in fish, fish-ecating birds, and other organists collected in areas spraved
one or two vears previously have gernerally been low (unpublished WHO/FAO
Report 1976).

When the distribution of the fly is diffuse, restricted application
is not feasible and a blanket cover is required. Since residual deposits
need to be relatively heavy in order to obtain adequate persistence, it
is not feasible to apply insecticide on this scale over the whole habitat
available to the fly. The development of methods for the sequential
application of nonresidual ultra low volume ferzulations of dieldrin
and endosulfan has been reviewed by Lee (1969) and Burnett (in Mulligan,
1970). Concentrated solutions of insecticide in volatile oil are used,
which are dispersed as medium aerosols consisting mostly of 20 - 50u
drops. The insecticide must be highly toxic to the fly so that a single
drop will contain a lethal dose. Park et al (1972) used 30 gm of active
ingrendient (a.i.) per hectare in each of five applications of endosulfan
to eradicate G. morsitans in Zambia, and in Botswana as little as 6gm a.i./ha
have been used per application (Kendrick and Alsop, 1974). Because
puparia in the soil cannot be reached by the insecticide, repeated
applications (usually 5 or 6 at about 18 day intervals) are necessary to
prevent newly emerged females from reproducing.
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A team from the Centre for Overseas Pest Research, London, is
currently investigating the effects of sequential aerial application
of endosulfan on nontarget organisms in Botswana. In contrast to the
effects of residual aerial applicationms, preliminary results with se-
quential application suggest that there are unlikely to be any irmediate
lethal effects on fish or terrestrial or fresh water invertebrates
(Russell-Smith, personal communication) because Glossina are highly
susceptible and require much less insecticide than other insect species.
Most studies followed application rates of 6 gm a.i./ha but there were
also little evidence of direct mortality after one application at
12 gm a.1i./ha; endosulfan can be highly toxic to fish, but at least
these extremely low application rates it clearly had no detrimental
effect. No data are yet available for possible sub-lethal effects of
endosulfan; samples of fish and water are currently being examined for
insecticide residves.

4. Genetic Control. In addition to the SIRM, various other genetic
control techniques have been proposed. The most practical at the moment
seems to be the exploitation of the hybrid sterility resulting from
some combination of crosses between subspecies of G. morsitans. No
field trials have been carried out.

5. Biological Control. A number of attempts (especially by Nash,
1933) have been made to exploit parasites of tsetse as a means of con-
trol. None have been successful. Tsetse predators and pathogens must
be cateporized and then effects on tsetse populations must be quantified
before they can be used as control agents. Rescarch is proceeding on
other chemical control techniques. At a number of laboratories in the
United States and Furope, rescarch projects are underwav to characterize
the effects of juvenile hormones (Denlinger, 1975) ecdysones (Whitehead,
1976) and diuretic hormones (Gee, 1975), but the formulation of a
hormonal insecticide for use against Glossina is only a distant prospect.
Such jinsecticides are already in use against other pest species, they
have a number of attractive features, including virtually no harmful
effects on mammals.

The recent development of highly efficient catching devices that
utilize the natural attractiveness of host animals (Vale 1974) is a major
advance. In addition, a sex pheromone in G. m. morsitans has recently
been isolated and identified (Langley, Pimley, and Carlson 1975),
supgesting the possibility of developing a male attractant for use in
control activities. It has been suggested that the sounds produced by
tsetse flies may act as a means of communication (Kolbe, 1973). Should
this be so, it may be possible to devise an auditory attractant.



C. BENEFITS AND IMPLICATIONS FOR DEVELOPMENT STRATEGIES

The tsetse fly belt stretches across the middle of Africa.
Generally, it lies between latitude 12 degrees north and 20 degrees
south. Little of this vast area is utilized except for periodic live-
stock grazing, much of which is nomadic. It has been estimated that
240 to 325 million hectares are presently utilized for livestock grazing
and that another 200 million hectares could be developed. Recent advances
in soil scicnces and soil moisture management could expand these estimates.
Therefore, this tsetse flvy belt looms importantly in the goal of in-
creasing the food production of Africa — and, in fact, of the world.
Yet, while the area is potentially productive, its development is com-
plicated by many problems: poor soils, inadequate water, disease, and
perhaps in some cases maladaptive social features of the human populations
may at times be comparable to the tsetse fly in their negative effects.
Morcover, campaigns to control animal trypanosomiasis cannot be isolated
from the efforts to prevent other animal diseases. East coast fever,
rinderpest, and contagious bovine pleuropneumonia are a few of the many
disecases endemic in the tsetse fly belt of Africa.

The mapping of soils by classes and capacity for supporting
agriculture or livestock production have been linited in Africa.
Techniques are being refined whichk cen help, although progress will
depend upon building indigenous capabilities for soil classification
and analysis in each nation. Soil classification is necessary since
any development stratepy for land utilization must reflect the use
potential and carrying capacity of the land. The details of land use
planning in each country naturally depend on pre-existing institutions
and policies. Each form of ranch system cust be made economically viable
and consistent with national goals on size, emplovment, and production.
Beyond the development of the farmland itself, improvements in roads,
markets processing and storage, worker incentives and education and
training opportunities are all integral parts of any successful propram
of economic and social change. The tsetse fly is thus a major constraint,
but its eradication is only the first step toward making the tsetse fly
belt of Africa productive. Since animal tryparosomiasis is only one of
many constraints on optimal livestock productivity, the full benefits
of tsetse fly eradication can only be attained within a system in which
all other constraints have been eliminated or are at least brought within
manageable limits.
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Although development planners and tsetse fly experts have stressed
that tsetse {ly eradication must be inteprated with rural development
and land use, complete success has .eldom been achieved. The Mkwaja
Ranch provides an opportunity to experinent with new tsetse fly
cradication techniques which appear to be less hazardous to the environ-
ment. The ranch also offers the opportunity to observe the integration
of tsetse fly control techniques with livestock and resource management.
However, the production outputs of the Mkwaja vanch currently are less
than satisfactory. Factors other than the tsetse fly which bear on the
productivity of the ranch are the relatively low levels of forage pro-
duction and its seasonal variation in nutritional value: rapid regenera-
tion of bush; other animal diseases; and a calf breeding rate that is
limited to about 50 percent per vear. The death loss due to trypanosomiasis
is low but the effective chemotherzreutic regime requires a substantial
investment. Even in this relatively well managed case, the data ;how
that cormercial ranching in the se—i-arid coastal region of Tanzania is
still at best marginally profitable. These observations reinforce the
need to precede major tsetse flv eradication eforts with investigations
on land carrying capacity, water availabilityv, and training and incentive
programs for the populations who will occupy the land claimed from the
fly.

If tsetse fly eradication is undertaken on a large operational
scale, appreciable environmental rmodifications will occur and nust be
weighed apgainst the benefits, shert ternm and long term, of increased
food production and emplovment. It is inevitable that man and his
domestic animal will replace wildlife on many areas and that the large
gane animals will be reduced in nuzher. These anticipated modifications
in the environment must be studied well in advance of any large scale
tsetse fly eradication programs.

Throughout the twenthieth century, Africa has been exposed to
numerous prazing and development schez=es, many initiated during the
colonial period. Much effort and czpital have been spent to superimpose
western technologies of animal husbaadry and range management on pastoral
subsistence economies. Those attez=pts have often failed bccause they
were not combined with a parallel eifort to improve the socio-economic
environment of the local people. These past failures dramatize the
importance of involving the local communities in the initial stages of
development programs. Proposed changes must be carefully evaluated
from the perspective of the local populations, and must be supported by
thorough analyses of human needs and capabilities. In analyzing the
cffectiveness of the water developzent and grazing schemes in Masai
areas, 2. Neveh (1966) has found that the failure of the programs could
not be explained by the "insatiable desire of the Masai to build up
livestock populations for bridal wealth and prestige" as developmental
planners have often argued. Rather, the earlier disruption of the Masai
nomadic ecosystems by the encroach=ent of agriculturists upon the better
lands formerly available to them caused the Masal to depend for their
survival on larger and larger herds. The trauma of the often repeated
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experience of disaster and starvation... and the development of water
poluts and disease controls have not improved things but made them
worsc.

In a similar study of African Pastoralists, Alan H. Jacobs (1965)
has described how preconceived views and prejudices about a pastoral
society can impair the development planner. For example, "The generaliza-
tion that pastoralism implies an especially strong and characteristic
resistance to social change deserves attention... . The evidence for
such a statement is by no means consistent or conclusive. Not only have
many African pastoral societies been dependent on external markets and
responsible to social change over long periods of time, such as the
Fulani and Somali, but others have changed rapidly within a period of
a few years, such as Kipsikis and Nandi of Kenya."

Such studies on man and his environment in Africa should be taken
into account by every development project, although clearly they were
beyond the resources of this environmental assessment.

The Assessment Team did not attempt to identify the options
available to national planners in Africa, nor to assess the tsetse fly
eradication cxpericnces in Tanzania. The Team wishes to emphasize,
however, that international agencies involved in tsetse fly eradication
schemes must act in close accord with the host countries. The role of
forcign experts should be primarily to determine the probable affect
of the various eraadication options, and the range of uncertainties
reparding the consequences. International and national aid agencies
then must leave to the host country in light of its own political and
development strategies, the intevrpretation of this advice and the de-
cision as to what the country should actually do. In particular, the
participation of African nations in a continent-wide effort to eradicate
the tsetsc {1y, such as the FAO program, will in the end be welghed against
each nation's priorities.

V. CONCLUSIONS

The team concludes that the Tsetse Research Project in Tanzania
will have negligible detrimental impact on the environment of the Mkwaj
Ranch. In those localized situations where some environmental change h
been anticipated, the effects have been evaluated. The objective of th
Research Project is to test a new technique for the control G. m.
morsitans in an area where it will have no effect on the present use an
occupation of the land. To this extent, the 435 sq. km of the Mkwaja
Ranch is atypical of the 10 m. square km of tsetse fly infested Africa
The test site was selected to fulfill the conditilons and requirements o
the experiment.
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An assessment was made of the socfo-economfc {mpact of the resecarch
project upon the ranch cavironnent and the rearing laboratory environment
in Tanga. Other than the important component of training and the
demonstration of the role of science in helping man shape his environment
to his nceds, the social impact of this project has been minimal.

The creation by the ranch management of a 1 km wide barrier clearing
around the test site to reduce fly immigration is being completed with
project funding. The replacement of the natural habitat with grassland
in the barrier zone will have a high level of impact on the plant and
animal communities, but the disturbance on the ecosystem will be
localized and the proper maintenance of grasslands may contribute to
a stable ecosystem, providing additional forage.

The herbicide, tordon 155, will be applied to the treec stumps in
the barrier zone. Since the applications will be restricted and will
be applicd manually with brushes, the minimal effects will occur only
in the barricr zone.

In order to reinforce the barrier and protect the test area from
any fly immipration, DDT will be applied bimonthly to a 300 m strip
along the perireter of the barrier. This selective application will
deposit about 545 kilograms of DDT on the test site. This represents
an application level of 280 grams/hectare (0.25 1bs/acre) for the
treated area. The localized effects of the DDT treatments on the soils
and atmosphere will be minimal but the effect on the ecosvstem will be
high. However, the effects are limited to less than 8 percent of the
total test area and within this area only 3 to 10 percent will be
actually sprayed.

Two or three aerilal applications of endosulfan will be applied to
reduce the tsetse flv population prior to the release of sterile males.
The total amount of insecticide will be about 1800 kg (92 grams per
hectare of 0.0825 1b/acre). These applications will leave minimal
residues which will not measurably affect nontarget organisms.

The daily release of 3 to 6 sterile male flies per squarc kilometer
will not affect the environment. The flies are not radicactive and the
number released will be lower than the initial population and therefore,
the incidence of animal ¢rypanosomiasis will not increase.

V. GUIDELINES FOR FUTURE ASSESSMENTS

The assessment team recommends that when an initial examination
»f a proposed AID action identifies the need for an environmental
assessment, it should be combined with the development of the work
plan. This procedure will substantially reduce the costs and enable
AID to consult with experts during the preliminary planning stage.



The team recormends that the AID program authorities identify
the individuals required for an assessment. A tsetse fly project
should include the following specialists:

1. a chairperson, preferably a tsetse fly expert;
2. an entomolopist, whose work compliments the chairperson; and
3. an ccologist or wildlife biologist.

Depending upon the design of the project, the environment in which
it is to be undertaken, and requirements for integration of land use and
development progracs, the following specialists should be included as
team members or as experts to be consulted by the chairman.

4. animal production specialist; and/or epidemiologist (sleeping
sickness); and
5. behavioral scientist.

The ex-officio mexmbers of the team will include the mission project
officer and the Vashington AID program manager. The organizational
arrangements and correspondence should be the repon51b111ty of the
Washington office of the AID program manager.

'he host country representatives participating in the preliminary
planning of the proposed actieon should be invited to recommend the host
country specialist in tsetse fly control and a planning officer from

the relevant ministry as nembers of the assessment team.

Before visiting the site of the proposed action, the nmembers of
the asscssment team should convene for several days in Washington. At
that time, AID should provide all members with relevant past assessments,
projcct evaluations, reports on ongoing projects in related fields, all
prelininary data on the proposed action, and any general information on
tsetse fly eradication progranms.

The chairperson should assign specific responsibilities to each
team member. Arrangercents nust be made in advance for the team to
consult with the appropricte experts and officials in the host country
during the pericd of the site visit.

The site visit should be of a duration to allow the necessary data
to be collected--one to two weeks. At the conclusion of the site visit,
each tcam member should submit his report to colleagues and as a team
prepare the draft report. The tean noted that "when AID unilaterally
considers that there is a reasonable risk of significant adverse effects
on the environment from an ectivity proposed to it for support, and
when efforts to encourage the incorporation of appropriate safeguards are
unsuccessful, AID reserves the prerrogative of declining to participate
in the activity.'
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The team has noted that international agencies, FAO and WHO, have
undertaken continent-wide assessment of long range programs for tsetse
fly eradication in Africa, including a two-vear study which will survey
selected regions for an assessment of the socio-economic importance
of trypanosomiasis and costs of alternative methods of control. The
U.S. Government is a participant in the specialized agencies and therefore
the tcam does not see any need for AID to undertake the broad program
assessments described in section 216.6 of the Rules and Regulations.
Attached to this report are the FAO/WHO studies ¢o date.
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Figure 1l.~-Average monthly precipitation over 21 years shows conslderable
departure from normal during the past 8 years, especially in

the short rain season.
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Map 2. == Generalized peological wap, Mkwaja Ranch, =
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Duilor, Red
¢ Cephalophus natalus

Duilier, Blue *
Gienhalonhus monicola

Elophant, African #*
l.oxodonta africana

"F‘\ + - Y Il .
Ciratfe, Masai

Giraffa cams'onardalis tipoelskirichi

Heartbeast, Coke's *

S
Alcelaphus buselarhus cokel

Hippupotamus
Hipponotainus amphibius

Kudu, Greater
Tragelaphus strepsiceros

Reedbuck, Bohor
Riodunca redunca

: Sable Antelope *
Hippotragus niger

Waterbuck
Kobus ellipsiprmnus

———

Wart Hog

Ynaccchoerus aethiopicus

ilyena, Spotted *
Crocuta crocuta

Logpard s
*anthera pardus

Lion *
Panthera leo

v

Lyvcaon pictus

Othor Mammals

Ant Bear #*
Qrycteroous afer
Batoon
Yapio anubis

Bat, Fruit & others
Pteropidae

Bush Baby *
(alagos sp.

Hare, Crawshay's
e

Monkey, Colobus *
Colobus polvkomos

ild Dog, Cape hunting *
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Rat, Horway:
Rattus novvoericus

Shrew, Elophant
Elephantulus rufesceas

BIRDS

*
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Bust.ard, Les:e
1

Ardeotis ':oc
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Crow, Pied
Corvus alhus

Cormorant, Lonatailed
Phalicrocorax africana

Eapgle, African Fish
Cuncumna vocifer

Eagle, Batecheur *
Terathopius ecaudatus

Eagle, Crowned Hawk *
Stcphancaetus coronatus

Eagle, Long-crestad Hawk
Lopoaetus occipitalis

Eagle, Tawney
Aquila rapax

Eagle, Sea (Osprey) *
2 s}

Egret, Cattle
Bubulzus ibis

Guined Fowl, Crested
glctavarpucherani
Hacmerkop

Scopus umberta

Heron, Goliath *
Ardea moliach

Heron, Gray
Ardea cinerea

Hornbill, Ground & others
Bucorvus leadbeateri

Ibis, Hadada
Hagedashiz hagedash

Kestrel, Greater
Falco runicoloides

Kite, African Black
Milvus migrans

Stork, Open~-bill *
Anastomus lamelligerus

Stork, White *
Ciconia ciconia

Stork, Maribou
Leptoptilos crumeniferus

Stork, Saddlebill
Ephippiorhvnchus senegalensis
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Table 1 (continued)

Stork, Spoonbill Snake, tut: Adlder *
Platulea alba Bitis ariestans

Snake, Rock Python *

AMPEIBI.LIS AND REPTILES Pvthon sehae
Crocedile * Toad
Crocodvlus niloticus Buio sp.
Froa

Adana sp.

et AR o
L..avae, sonstor
AR - PO ] .
Saranus ailosious

Siutie, Boomslang *
Dispholidus tvphus

sraloe, Banded Cobra
Mia hail

Snake, Mocambique Spitting Cobra *
Naja mossambica

Snake, Green Momba *
Dendroaspis augusticeps

Snake, Black Momba *
Dendroasnis polviepis

* Asterisk following a species indicates the animal occurs or is

seasonally present on the test site but was not observed during

the field inventory.




Total

A: vl
U ~ N -
4746 1 vonl, Roadside game census and estimated biomass along 373 km of
bush track on the Mkwaja Ranch, Republic of Tanzania.
Species Numbert Estimated Biomass y
(1bs/ac)  (kg/ha)
MAMMALS
Baboon 2/ 28 0.28 0.31
Bushbuck 4 - .15 .17
Duiker, Redback 1 .006 .007
Hare, Crawshay's 1 .0006 .0007
Hippopotamus 21 15.0 17.0
Kudu, Greater 25 2.4 2,7
Monkey, Vervet 49 .22 +25
Monkey, Blue 1 .002 .002
Wart heg 109 2.1 2.4
Waterbuck 45 3.3 3.7
Subtotal 23,5 26.5
BIRDS
Cormovant, Longtailed 3 0.003 0.003
Eagle, Tawney 2 .002 .002
Eaple, African Fish 2 .003 .003
Epret, Cattle 158 .076 .09
Francolin 5 .001 .001
Guinca Fowl, Crested 104 .1 .1
Hammerhop 2 .001 .001
Heron, Grey 2 004 .004
Hornbill, Ground 1 .002 .002
1bis, Hadada 7 .001 .001
Kestrel 1 .00001 .00001
Kite, African 5 .001 .001
Stork, Maribou 5 .03 .03
Stork, Saddlebill 6 .02 .02
Stork, Spoonbill 2 .005 .006
Vulture, Whiteback 2 .003 .003
Vulture, unclassified 34 .04 .04
Subtotal 0.297 0.307
REPTILES
Lizard, Monitor 1 .002 .G02
Snake, Banded Cobra 1 .0002 .0002
0.0022 .0022
23.8 26.8

1/ Assumption: the mean visibility of
roads and tracks traversocd was used

25 km on either side of
to establish the areca base
for biomass corpputations; body weights were estinated using
available data (Ledger, 1953, 1964, 1968),
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Literalute Review ot Plaont Comann it fes

Wor L Eeosystems have beea variously fdeatftied and are continually
beinyg vetined. Onc appropriate international treatment put forth hy
Ellenberg and Mueller-Dombois (1967) and slightly modified by UNESCO
(1969, 1973) has recently been suggested by Reichle (1970). Their
accompanying map show this East African coastal belt in the "Tropical
Ecosystem Complex' which falls into 6 classes; the one under study
being the '"Savannah, Scrub-woodland Complex."

In a general classilication scheme for world vegetation, Fosherg
(1961) working with the Taternational Biological Program (Peterken 1967,
IBE Handbook 4) has suy-ested this test sice falls Into a Formation Class
of c¢losed vepetation in tall! Savannah praminoids of more than 1 meter
with a closed canopy. Further, his duscription identifics the evergreen
(trece) savannah into an evergreen broad sclerophyll savannah of mego-
phyllous evergreen sclerophyll of the type found in varicus palm
savannahs in Africa and Tropical America.

Broadly speaking, White's vegetation map of Africa (Greenway 1973)
shows this assessment arci to be completely within the East African Low-
land Everygreen Bushland type. ;t is bounded on the west hy both the
1) Broad lLeafed Wooded Crassland nn& the 2) Thorn (Acacjs) Wooded Grass-
land aud Semi-desert vepotation of the inland plain. According to Greemway,
the test site area is technically classified as Wooded Grasslands (main
type) of the Palm Stand Grassland subtype (Interzonal subtyﬁe) and the

vegetation patterns fall neatly into his Coastal Evergrecen Bushland

community. His description continued:



"A conspicuous fecature of this vegetation is the palms of

the penera Borassus aud livphaene, both may be wide-spread or the

latter in small groups which are widely scattered through the
grassland.

The palms may only be Boroassus or Hyphacene, sometimes both

topether,  If other trees, usually evergreens, occur in island

clumps with the palms, the vegetation would then be classed as

Coastal Evergreen Bushlands."

pratt et al. (1966) have produced a classifiéation scheme and
accompanying maps in a discussion of East African cangeland that shows
the assessnent ﬁrea to be in a coastal belt of "Wooded Grassland aud/or
Bushed Grassland." Their work on area classification also places the
Mkwaja site in Ecological zone 1IT of Moist Bush and Woodland, characterized
by a dry subhumid to semi- arid climate. In terms of agriculture potential,
It is not suitable as forest but has high potential for intensive agri-
culture where soils and topography permit.  Range grazing usc is best
on an extensive system but where management can be intensified, stock
carryiny capacity is high. They suggestad upwards of 5 ac (2 ha) per
heast per year or higher. They recommended, "Regular burning may be
necessary for high range production, particularly where tall Hyparrhenia
dominates the grassland."” B

Only one known ecological land use survey dealing with grazing
potentlal is known to exist for this portion of the Tanga Province
(Van Voorthiuzen 1970). liowever, a detailed study of similar coastal
ccosystems beginning in tie Kwale region, 200 km north of the ranch,

provides interesting parailels in land use (Moomaw 1960). Although much
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varlation occurs along thz East African coastline, environmental conditions
conparable to those found on the test site occur as far north as the Tana
River in Kenya (Dale 1936, Keady 1960, Atlas of Kenya 1970, Atlas of
Tanpanvika 1956).

Workiny in Tavzania, Gillman (1949) provided a vegetation classi-
f{eation scheme which merits reconsideration. Both he and Greenway (1973)
have suppested the threshold between Wooded or Bushed Grassland and Thicket
(bushland or scrubland) to be 50% aerial overstory coverage. Considering
the effects of overstory cover depression on understory herbage produc-
tion, forage availability, and other features of land use such as range-
land reclaimation by [ire or mechanical means, the 50% cover-class thresh-
old seems very acccptable. Both these gcsearchers have also proposed a
10% cover threshold figure from the grasﬁlan& to woodland type. Other
workers have sugeested variable amounts of crown cover as the breaking
point between classes of wooly vegetation (Fosberg 1967, Gwynne 1976,
Greecnway 1943, Moomaw 1960, Pratt et al. 1906).

The second aspect of local classification is based on physiognomy:
trees, shrub or bush height and number of stems (single or multiple)
separates woodland from bushland. These features are generally agreed
among scientists working in East and Central Africa, i.e., single stemmed
treces or shrubs over 5 m are considered in forest or woé&land types
whercas multi-stemmed shrubs or low trees less than 5 m are considered
bush. The conventional distinction between forest and woodland is
whether or not the trce crowns are in contact with one another.

In conclusion, based upon a review of plant classificatlon schemes
and Tsetse fly habital requirements, the following method was used in

preparation of the base map for the assessment area (Table 1),
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Table 1. -- KEY TO THYSTIOGNOMIC COVER TYPLS - MKWAJA RANCH

Forest = Treces orv sinple stemmed shrubs greater than 5 m tall with

100% crown cover

Woodliind = Trees or single stemmed shrubs greater than 5 m tall with

less than 100% crown cover, i.e,, not touching l!
Bushland)
Thicket ) = multi-st.mmed shrubs less than 5 m tall with greater
Scrub ) than 507 crown cover

Wooded Grassland = trees or single stemmed shrubs greater than 5 m
tall having crown coverage betwcen 107 - 50%

Bushed Grassland = multi-stemmed shrubs less than 5 m tall having
crown coverage botween 105 = 507

Grasslands = avcas doninated by graminoids having less than 107
shrub or tree crown cover

Complexes: Wooded grassland and Bushed grassland may occur in com-

bination but coverage may not exceed 50%

1/ Grouped-trece griasslands (forest islands) may be interspersed

with any of the classifications above.

Map 1. -- Cover types of the Mkwaja Ranch as they relate to rangeland

potential and Twctse fly habitat, (overleafl),
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APPVLOIN O

Plant Cormanitics and Cover Types
The dominant vegetation feature of the eastern quarter of the ranch
{s a Doum Palm-high grass "savannai." Secattered Doum Palun trees with a
Hypaivhenia tall-grass understory predominates throughout. 1In thi- |

dominatly grassland association, regeneration of young palms has heo

a management problem. Also, to the south and east, Acacia zanziba

Tida

has invaded in sutficient density to class some areas in the mixed A .

Grassland type. A false Acacia, Dichrostchvs cinerea, and cat claw,

“llllaOHAd abyssi infci, have also bezome rroublesome invaders here. IERRL S

tant hich grasses are Hypirrhenia dissoluta, H. filipendula, H. rufa, =nd

Andropoyon schireusis,  Heavy pracine converts this composition to aid-
O U SV ITCIS1S

grasses, such as, Digitaria scelavum, Bothrichloa glabra, Dactylocteninm

acpyptiuvw, Looprostis saperba, and Cvinodon dactvlon. Coumon trees hosides

Doun Palm that constitute the overstory of this Wooded CGrassland, and

spotteld throughout other wajor Grasslands as well, are Sclerocarya caffra,

Taraviadus indica, Terminalia spivosa, Kigelia acthiopum, Balanites sp., and

Boscia s,
Tace nmixed Wooded Crasslands/Bushed Grasslands of the central uplands
are the dominant communities between the grouped tree forest islancs.

Commcn trees are the conspicuous Baobab, Adansonia digitata and Euptorhbia

candelabrum, the everpresent Doum Palm, Hyphaene thebaica coriacea, and

abundant Terminalia spinosa. ny trees and shrubs found in the Grasslands

of the castern coastal strip above are also common in this upland vegetation
nosale as well. Ocher trces more cowmon to the uplands are Strychnus sp.,

Manilkara sulcata, Brachy:tegia $p., Albezia sp., Combrerum SP., Dnlhorgiu
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$pey Divspyros sp., Mimusops sp., Oldfieldia sp., and many others less

prominant.,
Examples of bush and trovblesome o species in the Bushed Grass-

Lands and Bushland Thicke:r s are Acacia nelitera, A, nilotica, A, sanaibarica,

Comiphora africana, Termicalia spinosa, and Brachystepia sp.

Undarstory grasses of “oth Wooded ard Bushed Grasslands are here
again repeated from the cesstal strip; primarly, Hyvarrhenia species
dominate.,  Other species

» purhaps owiag to greater moisture or differoent

graziug aad burning patterss, include Panicu: maximun, Digitaria scelarum,

HcLornnn\vn contortus, Igfiygﬂ_triandcra, Chloris sp.,

Sporobolus sp.,

—

and Aristida kenicasis,
Trees and shrub. ot tae dsolated Evergreen Forest islaads, besiaos
swne ot those mentioned o ove, dncleds Jeaafricana, Vorbargia stablmannit,

Meolia cuanzensis, Acoko herasspy, and Ficus sp.  In these foreut islands

are many crecpers and liasa type species, such as, I'uphorbia sp., Sailex
sp., and Texamines sp.  Although the forest floor is usually devoid of

herbaceous plants, occasional Sancevier

ia

sp. and other succulents do

occur, Wwhere breaks din the normally cortiuuous canopy let sufficicnt
Light down through to the piak sandy iitter-covered forest floor, Panicum
maxtmun s the dominant grass,  Apart froa lianas and creepers on trees

thut surround the sharp {orene edge catone, aapharagus forn is the only
other couspicuous vegetat ive foature. Thore appears to he little i1 :any
conventric vegetative strotification within these forest islands.,

The Riverine Forest :loag the tsangazi River also has a closed canupy

condition with very tuall trees ceommon to coastal riparian habita.s. These

gallery type forests are wostly confined to the immadiate streamside
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are often a function uf shallow pans which trap moisture, termite colonies,
or similar micro-habital situations re¢lated to soil moisture retention.

The whole of the ranch is coverced with subterrancan termites
Odontotermes sp. except for the broad {lood plain of the Msangazi River.
These low 30-40 cm dark brown to black hardened vent mounds stand out in
sharp contrast to the surrounding light brown sandy surface soil. No
evidence of termite mounding was apparent within the more heavily forested
or wooded areas. Termite mounds were equally conspicuous in the grazed fl
barrier clearings.

Forbs have not been mentioned in the community descriptions but this
is not to diminish thcir importance in the total flora though they are a
relatively minor biomass component relative to trees, bush and grass. No
unique community relationships secmed to be associated with the forb
complement. However, several naturally occurring legumenous forape specles

ave common along the western coastal strip. Common are Stylosanthes

frulticosa and Glycene javanica. Some low shrubs and scmi-woody forbs

also occur generally throughout the ranch. Examples are Cordia sp.,

Soscia sp., Croton sp., Grewia sp., Cassia sp., and Euclea sp. A few

old Mango trees and an occasional cashew-nut tree can be seen which would
indicate some former occupation of isolated tracts of land within the
site. -

Several unusual plant comrunities were found throughout the ranch.
Some of the larger poorly draincd depressions contained aquatic grass-
like sedpe stands of pure Cyperus sp. Occasionally large such stands
are encountered in waterlogged sites on the Msangazi flood plain., Certair

reservoirs have rush-like species surrounding them near waters edge.
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Some pomds and stock tanks contain Cloating Hlies and "swamp lettus” ov
"It ta." several Kitometers bevond The [‘-'illt wheve the H'i.\ll_\“.l.’.l Rive
crosnea the notthwest tawe b bownbao v, maneiove swanpa bepin and extend T
soveral more kilometers to the Indian OQcean. The estuary here is a com-

bination of tree swamps, bush thickets, mud flats, and open sand.



TREE S AND SHRURS
Avacia ethbaica

Acacia melifera

Acacia nilotica

Acacia paolil

Acacia sanuzibarica

Acokanthera sp.
Adansonia digitata
Afzella cuanzensis
Balanites sp.
Borasisug sp.
Boseta sp.

Brachystepia sp.

Combretun sp.

Comiphora africana

Dalbergia sp.

-

Ficus sp.

Harrisonia abyssinica

liyphaene thebaica coriacea

Kigelia aethiopum

Manilkara sulcata
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Minusops sp.
g}dfieldia 5p.

Olea africana

Sclerocarya caffra

Snilex sp.
Strychnos sp.

Tamarindus indica

Terminalia spinosa

Texaminus sp.

Warburgia stuhlmannii

GRASSES AND GRASSLIKE

Andropogon schirensis

Aristida keniensis

Bothrichloa glabra

Chloris sp.

Cynodon dactylon

Cypeorus

— ¢ s e e

Dactvloctenium acgyptium

Digitaria g<ziarum

Eroxrostis superba

Hyvparrhenia dissoluta

Hyparrhenia filipendula




PLANT LIST

Hyparchenia rufa
Panicum in.1X imum
Sporobolus sp.,

Themeda triandera

FORBS
Boscia sp.
Cassia sp.

Croton sp.

Fuclea sp.,

Glycene javanieca

Grewla sp,
sSansevieria sp,

Stylosanthes fruiticosa

17



LITERATURE CITED

Christian, C. S. 1958, The concept of land units and land systems.,
Proc. 9th Pac., Sei. Congr., 1957, 20:74-81,

Dale, T. R, 1939, The woody vepcetation of the Coastal Province of
Kenya, Imp. For. Inst, No., 18:1-28,

Fllenberg, W, and D, Mucller-Dombuis. 1967. Tentative physiognomic-
ecolopleal classification of plant formations of the earth. Ber,
peobot, Inst, ETH, Stiftg, Rubel, Zurich, 37:21-55,

Fosbery, F. R. 1961. A classification of vegetation for general pur-
poses, Trop. Ecol. 2:1-28,

Gillman, Clement. 1949. A vegetation-types map of Tanganyika Territory.
Ceol,., Rev. 39:7-37.

Greeunway, P, J. 1943. Second draft report on vegetation classification
for the approval of the Vegetation Committee., Pasture Res. Conf.,
1940. Typescript p. 52,

Greenway, P. J. 1973, A classification of the vegetation of East Africa,
Kirkia 9:1-68,

Gwynne, M, Do 1076, Rangeland classification, KREMU Rangeland Ecol.
Rep, No. 2, p. 12, (processed).

Heady, H. F. 1960. Range management in East Africa. Nairobi: Kenya
Department of Agriculture and the East African Agriculture and
Forestry Research Organisation cooperating with the United States
Educational Commission in the United Kingdom, p. 125.

Kenya Government. 1970. National atlas of Kenya. 3rd Ed., Survey of
Kenya, Nairobi. p. 103.

Kuchler, A. W. 1949, A physiognomic classification of vegetation.
Ann, Assoc., Am. Geogr. 39:201-210,

Ledger, H, P. 1963, Weights of some East African mammals, East Afr.
Wildl., J. 1:123-124,

Ledger, H., P. 1964, Weights of some East African mammals. East Afr.
Wildl. J. 2:159.

Ledger, H. P. 1968. Body composition as a basis for a comparative

study of some Fast African mammals. Symp. Zool. Soc., Lond.,
21:289-310.

Moomaw, J. C. 1960. A study of the plant ecology of the coastal region
of Kenya Colony. Kenya Minist. Agric., Gov. Printer, Nairobi, p. 99,









VAR 1 97T

- p——

“)\'l'l'-“]':l-r-t':.‘f, R, H. (\‘?u'f). Spatial and h‘tlalml‘:\l prlloms of flee In thoe
tropical world, Proc, Sixth Tall Tihwbors Fire Ecolopy Conference.
171-207. a7

HUXTON, P.A. (1955). The natural history of tsetse flies. Mem. Lond. Sch,
Hym. tron. lf2d. nn, 10,

DAME, D.A. & SCiilie, cod. (1970). e sterile-nale tecimique apainst
Laetse flies, fajn:'::i_n_.'i_ spp. 1. ent. Sae, Am., 16, 2.

FORD, J. (1971). ‘The role of the Lryp-nnsoniases in African ecolopy.
A study of the L :toe fly rvoblein. Oxford, Clarenden,

FORD, J. & BLASER, E. (1971). S-ne aspects of caltle raising under
vrophylsctic Lreatnent wpainst teyprnosoniasis on the Mkwaja Reach,

Tanziniva.  Adta tronica, ?f}_, 69.

GLASGOW, J.P. (1963). ‘Thedistrilution and abundance of tsetse. Oxford,
Perpanon. i

IRPESEATIONAT, ATCHIC =0 GY AGENCY (1972).  Application of sterility
vrinciple foryitaidize My suyaceisien. Roview ofta Panel,
Alomic Tnerpy Beview, 10, no. 1, 101,

JABNKE, H.E. (1976).  Tactse £1ics and livestock developrent in East
Afpica.  Weltfouum Verlap, Minchen,

JORDAN, .M, (197h). R cont duvelogments in the ecalopy and rethods of
control of tiwtse iMies (Glessina spn.) (Dipt., Glossinidae) - a review.
M1, ent. Res., 5:_3 361,

JUIDAN (1676). Tiwdze corsrol - jprosent and future. Trans. R. Soc.
T =_“.- = -1'5.‘_-. Myi., 70, 128,
REAY, R. W. J. (1959), Vepebation map of Africa south of the Tropic

of Cincur. Oxford Univ, Tress, London, 6 p,

o Y Sy T
Soine YNotos on the rhﬁLOGIC31 Status of Savannah
ia, pr. 57 - (8, in tke }lznascment and Conservation

-
iy
o, 5 i ot e e
;

rica: a sympcas 1um. Bull, 41, Corm Pir. PNaist. ana

%r'rtatinn in L&
of Veu ctptuon G
Fiold CPU}

KEAYAR R B - T e (S Ci514)

LEMON, PAUL C. (124%)., Fire »nd =ildlife grazing on an Africin
plateau. Proc. Annual Tail Tint.ors Fire Ecolopy Conf. 71-B8.

LEMON, PAUL C, (19(%), FEffecis of 1} :e cn an African plateau
prassland, Foclovy., 92, 315=132
LUMSDEN, W. H. R., }Z 35T, W. J. & GILLIAN, J. ©. MeNoo (1973).

Techniques with urypanosomcs, (hu:chill Livingstone, Edinburgh and
london, 1-162,



http:r~,t,.Cf

MicLENEAN, K.J.R. (1973). A considecation of cnvironnental conceonrnees
ln]1uw1nh anbi-Lielse operations in Ligeria, Trop, Anim, Hth Prod,,
5, 1o, sitililent LT oL LRLVE Vi) OAL,

BULLIGAN, H.W. (1970). The Africnn Trypsnosomiases.  Wiley-Tnterscicnce.

NASH, T.A.M. (1260). A review of the African trypenoseniasis problem,
Trop. Dis. M., )f 973,

NASH, T.A.M. (969). Africa's bines the tsetse fly. London, Collins.

ORMFROD, W.E. (1976). FEcological effect of control of African trypanosomiasis.
fieicnee, 191, 815,

(1972). The influcnce of fire on important

SROVIEIN JON M.
v:arn prasses of @ast Africa. Twll_il[EgE§_E}re Ecolopy

Conf., ?201-?17,
SKOVLIN, JON M. (1971). Rinching in Bast AMrica: a case study.
Jovr, Ranpe Monawenent. gk, ?763-2'70.
TALBOT, T. M., Ho Do 1MIER, & W. J. A, PAYNE, (1961): The
posiibility of wning wild aniaels for animal plOluctlon in
Trans. Oth Intern.

{hie semiesarid tropics of East Africa. Inte

Cong. Pnim. Drod. Hixburg, Goowany. 8, 7205-210.7

U. N. D, P. (1969). Pre-inves'iont survey report of ranching potential,
Kaputiei Sectlion, najiado district, kKenya., Rainge Project. F A 0.,
Yinistry of Asriiulture, Nairobi, Kenya. 131 p.

VALE, G. A. (197C). Annual -eport of the branch of tsetse and trypano-
somiasis control, thodesia Ministry of Agricuiture. L7-51.

WALTER, H. (1971). The erolopy of t: opical and sub-tropical
vagetation, Oliver & Boyd, Edinburgh,




(referred to dn text)

COCKBILYL, G.F., PILSON, R.D, f: VALY, G.A. (1569). Obscrvations on
populations of Glossina : hrsitans Westw. and of gane mamnals on
Island 173/17h, Like Kariba, Bhodesia. DProc. Trans. Rhod. scient. Ass.,
53, 88.

DAVLES, H. (1971). Further eviadication of tsetse in the Chad and Gongola
River systoms in north-cistern Nigeida., J. _annl. Feol., 8, 563.

DENLINGER, D.L. (1975). Insect hormones as tsctse abortifacicnts.
Nature, 253, 3h7.

FORD, J. & K. BLASER. (1971). Some aspccts of cattle raising under
prophylactic treatment aiainst trypranosomiasis on the Mkwaja
Ranch, Tanzania. Acta Tropica, Separatum, 28, 69- 179,

1AR

1 1817

-~ e



o |

GEE, J.D. (1975). The control of diuresis in the Lsotse f1y Clossina
auntenis A prelininacy investigation of the diurctic hornmone,

J. cap. Biol., 63, 391,

GLOVIR, P.E., TRUMP, E.C. & WITLIAMS, R. (1959). A note on mechanical
8

bush clearing. E. Afr. apric, J., 25, 18,

GIOVER, P.E., LE ROUX, J.G. & PARKKR, D.F. (1960). The extermination of
Glosizina palnalis on the Kuja-Migori river systems with the use of

insceticides., I.S8.C.T.R., Bruasels, 1958, 331,

KENDRICK, J.A. & ALSOP, N. (197h). Acrial spraying with endosul fan
against Glossina morsitsns morsit:ns in the Okavango Delta area of

Dot:wana,  PANS, 20, 392,

KERNAGHAN, R.J. (1961). It secticidal control of the vectors of hunman
Lrypanosomiasis in Novthiorn Nigaria, J. tron. Yed, lve,, 6L, 203,

ey ity

KOFMAN, WJ.H. & TAKKIN, W. (1976). Roport on present knowledue of the

impect of tiovse conbiol operations.,  FAO Report,

NOLBE, F.F. (1973). The medudabed couads prodoe by the

brevivalnis Newstead,  Zoolopien Africina, 8, 20

AGA: TRYP/ 76/ Misc.

tictie 1y Glossing

TANGLEY, P.A., PIMLEY, R.W. & CARLSON, D.A. (1975). Sex recognition

pheromone in tsetse £y Glossina morsit-ns.  Natu

re, 25h, 51.

LEE, C.W. (1969). Aerial -.pnlicntions of insecticides for tsotse fly

control in East Africa. Bull. Wid Hlth Org., L1,

MULTIGAN, H.W. (1970). The African Trymponosomiases.

NASH, T.A.M. (1933). The ' colopy of Gloscina morsit-n

261 L
Wilcy-Interscience.

¢ Wostw, and tuo

postible methods for ivs destriction - Part 1I.
NASH, T.A.M. (1569). Africa's bane: +he tsotse fly.

PARK, P.0., GLEDHILL, J.A., ALSOP, N. & LKE, C.W. (197
scheme for the eradic-.iien of Gle:cina norsitans

the Waositern I'rovince of Zambia by nerinl ultra-lo
of ¢ndosulfan. Bull. ent. Res 61583731

Rull. ent. Rex., 2L

Ll bl )

London, Collins.

2). A large-scale
morsitons Westw. in

w-volunme applicaticn

163,



SUIRLBERGER, W, & ABDULRALIM, U, (1972). Pilot irial of diseriminitive
aeri 11 .wnﬂ'u atien of nersistnt dieddrin doposits Lo rradicate
Moasina morsiton :_u_':.r'.nl it ns in the Anch~u snd T:avra forest

) SRR R Vt", "lf"l'l" 9{1. I H " T.R.’ L’.EOS’ 19?1’ ?_{1.

VALE, G.A. (1974). lNow field metliods for studying the reszponses of

tretce flies (Dipt ra, Glossinidae) to hasts. DRall. ent. Res., 6, 199,

WHITIIFAD, D.L. (1974). ;nc retardation of puparium forration in Diptera:
could factors other than ecdycone control cuticle stabilisation in
(Toscina and Sarconhiea species? Bull, ent. Res., 6L, 223,

WXOFF, W.R. (1967). Concolidation in tsetse rcelamation. I.S5.C.T.R.,
- N Niirobi, 111,




APPEITIT

RTPORT OF TSTTSE TFLY PRCJLICT ROVIEW COMIITTER
Tanea-timla, Taneanda, Janugry 24-25, 1977

The vesearch vregran on the use of sterile males of Glossing
morsitans is now concluding Yhase 11, the development of fly production
methods and preparation of a field test site. Since the last review,
the project has complcted its building activities, demonstrated the
capability for rearing sufficient flies for a release cperatien and
initisted population analyses and field studies pursuant to injtiating

the Phase 1IT1; a field triel during the latter part of calendar year 1977.

Tha current status of the program is adequately deseribed in the

- working papers presented by the research team staff for the Revicw
Connitice (Appentix 2). Following a thovough revieu of Lhis material,
cloze Jnspection of tha facilities at Tanga, and a visit to the finled
site, the Committce recommends the irplementation of Phase III. The
Conmittee debated the rewaining requirements and the coperational planning

for thase IITI. A& brief summary of the agreed procedures follous:

Fly rearing and host snimal production at Tanga

The fly colony is being increased so that it will reach the maxi:um
level of 45,000 {emales and 15,000 males sometime from June to Septbmbcr.
When this is achicved approximately 35-45% of the fgmales and 257 of the
males preduced will be required to maintain the colony at a stable level
of production. Depending on the teproductioﬁ characteristics of the

colony at that time, between 800 and 1,200 males will be available for



daily reclcase. These numbers will provide a daily release rate of 8-16

per square mile depending on the proportion of flies released in the

test and barrier zones.

The Internal I and II Tanga colony strains will bte field-tested to
determine if they have similar survival and dispersal characteristics
and, if =0, the less productive Internal II colony will be disbanded.
Recent genetic studies have shown that the Tanga strains are similar
to the Mkwaja strain; therefore, no further atterpts will be made to
incorporate the Mkwaja strain into the rearing program. However,
propagation of the nutant marker strain (now 1,200 strong) will continue
and field and laboratory tests (Mkwaja and Seibersdorf) will be conducted

to assess its viability and competitivencss.

7o provide replacement stocks in the evenf of a discaster in cne
of the inscctaries, a back-up colony of the internal I strain is being
maintained at the TACA Seiberdorf laboratory. This strain, currently
3,500 strong, will be increased to 10,70 females prior to initiation of
the relense program. The back-up colony will be able to supply'up to
13,000 pupae upon demand plus 430 daily threafter. This colony is tcing
maintained exclusively on preserved horseblood using membrane feediAg
techniques, and has a somewhat lower mean pupal weight than animal-fed
flics (28mg vs. 302g, respectively). However, its fecundity currently
exceeds that of the animal-feed colony by about 237. Tests will be
conducted to determine the reason for this large differcence in order to

improve the fecundity of the animal-fed flies. The advisability of



initiating a second back-up colony (5,000 females) at Langford is under
considcration. When sufficient numbers are available it may be possible
to test flies of the back-up colonies in the field. Cytogenetic studies
will be conducted at Langford to determine the similarity between the

back-up colonies and the parent Tanga stocks.

Because of the presence and importance of G. nallidipes at Mkwaja
Ranch, an attempt will be made to establish a colony of this species
in Tanpa. This species will be maintoined as a small, research colony
in anticipation of a future increase for release purposes after the

control of G. movrsitars has been achieved.

Approximately 550 goats and 110 rabbits will be required for maximum
fly production. These numbers include provision for reserve and sick
animals. 1t is anticipated that adequate numbers of both hosts will be
on hand by March 1977. The rabbits will be utilized in one or more
Insectaries as hosts for the stud males. Female flies will be fed on
goats routinely, but the presence of rabbits provides an alternate host
for some of them if required. To prevent disrupticn in the availability
of these hosts, continuved emphasis will be placed on daily veterinary
surveillance, provision of adequate insecticide-free foods, controlled
~ herd management and breeding techniques. 'In addition, goat barn
modification will be urdertaken to upgrade the goat quarters in Insectaries

I & IT to that of Insectary ITI.



Handlin;, Transport and Sterilization

Studles at Tanga have confirmed the suftability of frvadiat ing
pupae in a nitropen atmosphere. Further work is scheduled to determine
methods of pupal storage to obtain optirum numbers of viable sterile
males for release, and at the same time conserve females for colony

purposes.

The current ccnacept iucludes.allowing the bulk of the fermales to
emerge at Tanga, thon cooling the remaining pupae (mostly maleg) for
trancport to Mhwnja Ranch, where they will be irrzdiated and released
prior to adult emsreence. Testing will include an assessment of
stockpiling male pupce to reduce 1 .e number of tripé required between

Tanga and Mkwaja.

Parrier Methodeloov ond Fly sccurity at Maveia

Insecticidal Barrier:

The 1 Km wide cleared barrier will be completed between March and
June. The barrier vill be reinforced along the outside perimeter'with
residual applications of 57 DDT on the lower 10ft. of trees greater than
4 inches in diameter and on the undersides of the lower branches. -Based
on avallable infoimation regarding the wiéth of a dizldrin barrier required
in Tanzania and Uganda, the initial barrier testing should utilize a
300m. trectment swath. This test should include at least 3 linear miles
and perhaps cover tlie entire portion of the barrier separating the

treatment and control areas. Treatments should be at bimonthly intervals
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and bioassays will be conducted to asscss the degredation of the residue.

Several techniques should be utilized to determine barrier
effectivencss and it nust be recognized that failure to detect fly
movement across the barrier will not necessarily demonstrate that it has
not occurred. Fly moverment serves as the major means of assessing the
effectivencss of the barrier. Laboratory-reared flies will be marked
as they emerge outside the barrier, wild flies will be mzrked in the course
of normal flyround activity, and addtitional flies will be captured,
marked and transported to the outside of the insccticide treated barrier
for release. This activity should be continous for a 6 to 8 week period
and, if no migration is detected, should continue thereafte; but on a
less intensive basis. Several bait animal capture stations will bte
established along the inside perimeter of the barrier and manned during
weck-days curing the tests. In addition, flyround surveys and possibly
electric grid trapping vwill be used to capture flies and detect wmigrents.

All migrants from outside the treated barrier will be placed indivicually

in tubes, killed in the sun, and chewically analyzed for insecticidal

content.

If the 300m insecticidal barrier is not successful, the width will
be increascd and the testing repeated. In the eventthat ﬁhe barrier is
still not completely effective, a maximum barrier of 1 lkm will be

evaluated; if this treatment is sufficiently effective, the releases

will be conducted using a 1 km barrier. The full insecticide barrief
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will be completed at least 6 weeks before the initial population

auppression,

To eacomipe an adequate assersnent of the volease of gterfle
males, evaluaticns vill be conducted in both the outer perimeter of the
relcase arca and in the .inner core. Evaluating the information in
this manner may rake it possible to determine the influence, if any,

of immigrant flies and thus judge more accurately the efficiency of

the released males.

Fly gates anld/or deflying chambers will be cstablished at the
access roads to the relcase portion of the ranch. HMovement by ranch
anincls between tlhie rorth and south sections and in the cleared barriers

will be terminated prier to the inital suppression of the fly population.

Fopulation aud fertility ncsesement at Maraja Rauch

leround acctivity will be continued throughout the pre-release,
release, and post-release periods, although the total weekly flyround
activity may be reduced. 1In addition, bait stations will be established
as will the correlation between scrcen and cattle flyround cnthrn
efficiency. These techniques, supplerented by other trapping methods
that may become available, will provide data for estimates on population

density for rorsitans and pallidipes males as well as apparent density



estimates and male:femsle ratio, During the actual release progran
the irradiated males will be automatically marked as they emerge fron
the puparia and thus it will be possible to determine sterile male to

wild male ratios directly and to identify the released females.

Female fertility assessment will be conducted by the following ethods.
The incidence of reproduction malfuncticn will be observed by dissection
of capturcd females and cémpared to baseline data and also to observationms
made concurrently in the control area. Secondly, 1if feasible, captured

females will be maintained for reproductive assessment in the laboratory

Additional population characteristics will be monitored including

analyses of blood meals with both pallidipes and moristans and the

susceptibility of morsitans to toxaphane residues on treated cattle.

An asscssment of trypanosome transmission will be made by conducting
or contracting work on infection rztes in both species of fly, randon
sampling of up to 107 of the cattle herd, and obtaining such information

on infection rates among wild animals as is practical.

Fly rcleases will be cc  .nued for a minimum of 6 months following
the last capture of a sterile wild female (if the barrier is completely
cffective) and surveillance will continve for an additional 6 montgs.
If the barrier is completely effective, the continuation of release

for such a prolonged period may not be required.



Population suppression at Mkwaj:

Bagcd on‘breliminary estimates of the population density of
g;.mbrsitans at Mkwajé Rach, 3 ULV insecticide applications will be
required. It ig esti@ated that if 90% control is achieved with each
application, it will be possible to release daily 2 times to 4 times
more sterile males than the aumber of wild males that will be emerging
from pupae. spraying will be conductea in the release area with minimal
overlap into the barrier zones. Endosulfan will be used at a rate of
30gm/hé per application, about 600 kg A.i. per allication. If feasible,
the application will be apPIied with éhe.égésna 185 aircraft currently
based at Arusha. Additional equipment for the aircraft will be
procured from the commercial operations contracted to perform the work
and an experienced consﬁltant will be obtained to obersee the application
prograﬁ. The éurrept estimate calls for the interspray interval to be
15~18 days. The most opportune time for the operation appears to be
between Septeﬁber and December, when the foliage is at a minimum and

prior to ‘the foliage flush that normally preceeds the rains.

The effectiveness of each application will be monitored by sﬁan&ard
flyrounds and/or standing bait fly capfurEST In addition, variations
in control levels due to differences in the bush canopy will be determined

by bioassay at selected sites.



Relerase Sequerce at Mkwaja

Following the first aerial spray application sterile males may
be released in arcas of maxinum fly density to obtain some level of
reproductive cointrol on the subsequent females emerges. These
released males will be destroyed by the second application, but by
that fime they should have exerted some effect. Similar releases
may be conducted after the second application. Following the third
application the releases will extend throughout the entire release
zone, with linmited numbers being released in the barrier zone. Current
calculations indicate that it will be possible to achicve a ration of
2-4 sterile males to cach wild male at that time. This should cause an
immediate reduction in reproductive capacity and significantly reduce
the size of the subscequent generation. Releases will be continued at
the maximum rate possible, with due consideration for irrepular density
distribution through the release zone, in order to obtain the naxinun

rate of populiation decline.

In all probability releases will be made daiiy, with ecach releaée
site being serviced from 1 to 3 times weekly. Pupal irradiation will
be conducted at Mkwaja Ranch to take maximum advantage of the stimulatad
emergence caused by irrzdiation. The irradiated pupac will be packed in
small containers under a layer of inert material co£taining flourescent

power. The containers will be distributed to some 250-300 selected
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release sites along the existing flyrounds and in the barrier zone.
The actual schedule of releases and distances between release sites
will be determined following upcoming field evaluations of the

rcleased flies. 1Tn addition tc the flourescent pouder mark on the
releascd flies, a mutant marker straln may also be utilized to help

monitor the effectivencss of the release insects.
Completion of Programne:

The effectiveness of the sterile male programe should be
evident by the cnd of calendar year 1978. Although relcases nay be
continued after that time, an analysis of the operational feasibility
and econonics will be possible early in 1979. Thus, the project
staff should at that time have their datsz prepared for a critical
evaluation by the Review Cormittee, and subsequently by other interested
parties and organizations. At that time final preparations should be
undertaken to renew the prograrme for such large scale operation as will
have been decided upon batween now and then. Potential areas for future
operation discussced by the committee include Mkwaja(pallidipes), Zanzibar

(G. austeni), Mafi Island, the West Lake Project and the Handini area.

NKonnerup/David Dame:vdw:2/18/77
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PART 1. KYVIFW OF INSICTICIDFS AND ATPLICATION BQUIPMENT YOR THEIGE CONTRCL

INSECTICIDES

Bnckgronnd

1. when DDT became available in 1045 the East African Tsetso Research
Organination soon ahowod in the laboratory that tarsal contact with a sprayed
asurface for a few seconds could be lathal to tsetse flies (165), but subsequent
field triala with treated oxen as bait animals were not successful because they
ware unable to compete as tsstse hosts with the game animals and they had to

be re-sprayed at too frequant intervals (8, 107). Meanwhile, also in 1945 in
Enst Africa, tha Colonial Inasscticides Research Unit (the forerunner of the
Tropical Featicides Renearch Institute) showed that deposits of DDT and BHC on
lenves wore lethal to tsot:e flies after a short contact, and demonsirated :in
fiold trials on islands in Lake Victoria that single ground aprlications to a
very small proportion of the ve%etntion reduced fly counts by 50-80% for 1-2
\rvukn {95). Repeated applications to maintain a toxic deposi® for longer than
a pupn) reriod were necesnary for a rranter and more permanent reduction (108,
109). Dieldrin was firnt toated dn 1955 (18) and scon replaced DDT in residual

., rays on vegetation in Kerya (4. Residual treatments of vegetation from
ground apraying equipmont were begun in West Africa inm 1903. Sirce these enrly
operations until the resert time DDT and dieldrin have continued to be almost
excluiively the innecticidaa used for residual trestments of vegetation in ground
nj ray operations. The only real chances have been in technigues to improve
effectiveness and reduce conta, by reducing dosages and by more discriminative

ond anlective applications (21, 26, 28, 48, 63, 64, 74, 15, 76, 89, 90, 110).

2. Applicationn of inrscticides from aircraft for taetas control have been
mode oince 1947 and tha firat successful acheme was carried out with DDT and BHC
in South Africa whern nir=nproy operations with both fixed-winp aircraft and
helicopters wore combincé -ith ciner cci-rol wensures over a period of yenr: tc
eradicate 3. pnllidipen (2C4)s & pr :r.wme of scmearch on aerial spraying fir

{ para. @

toetge control begnn «n 1°MR/ut the Trezical Fenticides Research Inatitute s

(13, 17, 19, 35, 49, 50, 51, 52, 53, 5. 55, 56, 68), and this has been tae


http:sprair.fr

2,

forerunner of airspraying techniquos employed 1n Zambia (para. 68) and

Botmwann Apara. 63 ) today. M0 and M, the first inasecticidaes uned, were

replacred by disldrin and more recently by endoauifun at rates aa low ns ug in

0.03 1/hn (61, 82) . Since the late 1960's, “echniques have been developed for
~

the application of a renidual insecticide to.vegetation from a helicopter (91).

Resijatance

5. Insecticides ursed in teetsne control operations on any scale from the

- gsround and from the air have bean limived to DT, BEC, dieldrin and
endonulfan. Thene are nll orga:iochlorine cerpounds. ohere insecticidea belonging
to this class have been uned to control other insect vectors and crop pests,
renistance to them han {requently developed guite quickly and becoma a serious
problem. Reniatance to irsecticides in tsetce flies hns'not becn rerorted yet,
Some tests in No Nigeria in 1900 indicated that the susceptibility of a ropulation

~

of G. »alpni:a to DUT aund dieldrin rad remained fairly astable over a reriod of 4
(88)
yeara,/but no systematic monitoring progracia to detect resistance has been carr:ed

out in Went or Fast Africa and toere is no reason to expect that it would not

dovelop sooner ¢ lanter if populations sre put under greater insecticidal pressure.

avirenmeontnl o faet

4. Restrictions have been put on the voe of organochlorine insectiocides

in some ocountries becnuse of persistence in the environment and undesirable

side affoctn on non-target orranisms, and these oompounds may become lens readily
available cr acceptable for tneise control. Destruotion of birds and wildlife
irmediately nfter tsetse ocontrol operations with organochlorine 1nsecfipiqgs have
been recorded (41, 65, 67). There was a general decline ‘in the prominence of
certain insectivoroua birds n year after a eingle application of dieldrin in
Nigerin, bui must of the species affected then recovered to pre-spray dencity (66),
nnd monitorirg in Uganda shovod that the spray prograrmes were not leaving dangarous
doses of dieldrin in tho soil or vegetation. An ecologiocsl aocesament after seriel

applioations of endosulfan in Zambia showed no laating adverse effect on the
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inaéot fauna, and similar oporations in Botswana hawve so far produced
no adverse effects on people, cattle or fish., The various studies to date

indioate that residual spraying of a single heavier dose of inseoticide to a
ssleoted and restrioted part of the vogetation is more likely to have an

/i

impnot on non-target organiems than is sequential aerial spraying.

Search for new compounda.

Se 2 A syastematic crarch for insecticides that could replnce the organochlorine
compoundn in tsetrc control operations when necessary was begun at the TPRI,

Arunha, (9, 10, 12, 14, 15) and has corntinued at COPR as a part of the uﬁo Evalua-
tion Programmeé (d}. 46). Some of the candidate inmecticides have also been tested

reoontly at ths Nigerian Institute dr Trypenosomiasis Rosoarch (87).

6. In lnboratory bioasnnys of the texicity of organophosphorus compounds to
tactre by topical applications in soluticn, none is found to bs appreciably more
toxic than endonulfin and dieldrin u d cnly a few are as effective as they are.
These include OMS-1825, CMS-150k, OMS-1283, fenthion, chlorfenvinphos, dicrotophcs
and crotoxyphos, while photimet, naled, dichlorvoa, tetrachlorvinphos, bromophos,
Judfenphos and fenitrothion sre from 2 to # time A loss ective. 0ONS-1825, OMG-1504,
O0M5-1053, tetrachlorvinphes, bromophos .nd jodfenphos have the advantage of low

mammalian toxicity. Maled and dichlorvos are too volatile.

7 Propoxur and bendiocarb, .the most active of the N-methyl carbamate tested,

and two di-methyl carbamatrs pyrolan and dimetilan, are similar to or sligntly

less toxic than endosulfnn and dieldrin.

ks Tsetse are susceptitle to natural pyrethrin (10) and tc a number of syntlotic
v hyr )

pyrethroids including res~ethrin nnd i1ts constituent: isomers bioresmethrin and
cicmethrin, permethrin (NiDC 143), NiiC 145, NRDC 156 and NEDC 1671 (6). NiDT 141

in outntanding and is 100 times os elffrctive a3 dieldrin to G. nusteni. [iu=ethrin

rescmbles natursl pyrethrin in that it ia unitabls on exposure tc light, but
perncthrin and NRCD 161 are light stable -nd involntile and at prenant hove
the mrenteat potentizl rs residusl inaccticides for taeise control, although
some, pyrethroids may hr.uore oguitable for sequential lov rate applications
than for single dose rosidual sprays because 'of their high tox101tv to figh,

Susceptibility of diJlareat apecill.

9. ' Variavion in sarenciihility of different species to an insecticide is
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another {mportant factor in tir1d operat ionn, As early an 1947 a 4-fold difference
in aunaceptibilaty to POT wan founn among 12 apecioa and aubapecien hatwean the moat

ninceptible \i. pallidinen and the lennt sunceptihle G. brevipalpis, G. lonsipennia

and G. funcopleurina (105). G. nwynnertoni is more cuaceptible than G. rorsitana

but G. nusteni, G. morsitans, G. pnlpnlis and G. longivalpin appear to be similar

{n thoir tolerance to a number of compounds ( 43, 37) although few comparisone have

beon mnde by the samo method under the mame conditions.

10. The ausceptibility within & species to an insecticide oan vary acoording to
nex and phyaiole;ical cendition either because there is a real difference in
the dome actually required to kill or becouse there is a difference in the doase
renching the flies e.g. pick-up from a depusit by a fully-fed or a pregnant female
1

may be preater than that by n tenaral fly tacsuse the ventral surface of the abdomen

an well an tha tarni mnkea ceontact with the trented surface.

11. Toneral fliea of either nax and old {ed males are generally equally
nunnrpéih]n to inarcticides npplied in solution by topical application (11,43).
Al) are more nunceptible, howsver, than préznant feralas to the crganochlorine
inaecticiden DT, dicldrin nnd enbosulfan {11,43,57), and 4 to 9-fold increases in
tolerance in old females have to boe taken into account in field operations with

thene innecticiden.

17. Laborutory testn to date indicate only a arall increases in tolerance in

old pregnant females to natural pyrethrinn and a synthetic pyrethrcid resmethrin,

= '“*hﬁx‘ and no increase in toleronce to the orgaophosphorus compounda fenthion, tetrachlor=-

\ v
vinphos and bromophos, and the carbamate propoxur (11,43,87),

-

L]

Field triala

13. Some of the compounds showing high toxicity to tsetse flies in laboratory
torto nnd roferred to above have already teon subjected to limited field triale,
In 1966 in northern Tanzarnin throe soricl spplications at 3-week intervals of
undiluted technical fenthion cnused more than 0% reduction in tectse populntions
{n tho 4 wooks after treatment, but no further trials have been reported (58).

14, In 1967, o0ix ovvinl & plications of 0.4% w/v solution of natural pyrethrins

»
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synerpined with 2% piperonyl butoxide in power kerosene were mnde at d-woek
intervals in Tanzania. TFopulations of G. prallidipes were reduced by 95% after
three applications but subsequent applications did mot significantly reduce

fly numbers. It was connidored that unfavourable meteorological conditions during
theae applicationn and full leaf cover were the main factora responsible for
the lack of effect, and further work waso recormended on the basia of the good
results of the firat applications (59). Subsequent aerial applications of natural

pyretarinn at a higher concentration did not give high reductions of G. swyrnertoni

and G. pnllidipen populationn (97,98) although two ground treatments reduced :ne

population of G. ewynnertoni by 98% (96). In aerial apray trialo in Botswana in

1975, natural pyrethrins at 0.6 and 1.2 g/ha had no effect on the G. morsitars
population. ¥ In the previous year in Botcwana the same dosages of the synthetic
pyrethroid bioreamethrin applied from the air in 2t and 4% solutions in diesoline

were alao too low and had little or no effect on the population of G. morsitans (71)

15. Enrlier, applications were made from a helicopter in the Republic of Mali

—

“\\“\\Ju'cinmnthrin. bromophoa, Jjodfenphos, fenitrothion and tetrachlorvinphos for
;;}nnnl contact of the flying adults in the sallery forest, and of tetrachlorvinyphos
‘nnd methoxychlor for renidual cnnt;ct (24;. Operational problems limited the scope
of thene trials, and additional tests with theas materials could be valuable. The

trinla emphaaised the noed for further studios of the penetration of spray cérops

into the dense vegetation of gallery forests (60 and on the resting behaviour of
tsetme flien, partiocularly at night.

Formulations

16. Residual spraying technigues emrnioy CDT and dieldrin as emulsions and i
sucpansions. The concentrates from which these are prpared are those normally
used for public health work and the only cxample of a formulation specially made

and ured for tsetse control is the dieldrin 15T emulsion concentrate. This involves
a modification of the surfactant part of the standard dieldrin 180z/1 e.c. which
allows the preparation of relatively conccntrated emulsions containing up to

5% activa ingredient without inversion of the phanes. Otherwise formulations

which meet the WHO specifications (Specifications for Pesticides used in Publie

Health, 1973) have boon catinfactory.

.

Ve harinl prriv' = methods hava used high volume ratea of dieldrin erulsion
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(91) but aircraft nnrmnfﬁy d;atribu:e low or very low volumes of corncentrated
solutions of dieldrin, DDT or endosulfan with the intention of directly hitting
the flies. The desired efficioncy and economy are obtained by uaing insecticidea
which are very toxic to tsetse flics, the optimum range of droplet sizes and
suitnble choicea of aircraft operation methoda and meteorological conditions.

An important factor controlling the droplet sizes in the aerosol as it reaches
the standing vepotation or the ground is the volatility of the solvent used to
dirsolve the insecticide and Enst African experience has shown that this should
not be high, otherwice droplets become too small to reach the target efficiently.
Keronene with a boiling range of about 150 to 250°C produces less effective
nerosols than diesel oil which has a wider range of around 200 to 550°G'nnd

the latter has been used as a diluting or primary solvent. Despite these
resultn, the more recently developed and currently favoured endosulfan solutions
(61,82) aro prepared by dilutin; a 35% emulsion concentrate to 20% with Shellsol
AB, Thin solvent has a boiling range of 185 to 214°C and a substantial proportion
of the apray volume 18 precumed to be logt during the time it is airborne especially

an the solvant of the concentra‘e is even mors volatile, However, at the time of this
developrent tork the forrul-tion had to be chosen from those made for other appli-
cntionn, Also, volatility ‘15 necassarito nllow suitable.droplet sizes to.be formed

by evaporntion of coarner syrays producnd by the available equipment., Less wvolatile
rolvents nre nov heing invertignted (sce paragraph 18), Insecticides wnich are themselven
liquid, such an fenitrothion and malatlion, do not require rormulation for application

at ultra-1ow=-volume rates, have not heon used ngainst tnotse,

18 There has been little attept during the last 20 years to improve
forrulatfong for the innacticide application in tsetse control. A good rercon
foc_this io the degire for ecoromy.. It is cheaper to employ concentrates which

are already being used for the control of otlrer pests and to dilute these with
locally available petroleum solvents than to transport specially prepared
rolutiona ovor long distances. However, spaecial formulations are beirgz produced
by some chemical companies.

and the une of more involatile materials is being studied / For example, trials
with dieldrin and endosulfan in various asolvents have been carried out in
Nigeria and Botswana. The Nigerian tests involved melective residual spraying

\
of dieldrin to vegctation by helicopter at 800 g/ha to approximately 108 of =

the total area. Bioassay of the residues ares made vith captured flies. In

Botawana, five applications of endosulfan are sprayed at 6 g/ha per treatment,

the aim boing to obtain dirsct contact of insecticide on the flies either on
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the wing or in their resting sites and changes in the nnturalnkly population
are measured. Both investipations auggent that the less volatilo solvents zive
the best results although the roasona for tha improvements are not clear because
lower volatility influences both the porsistence of inmecticide in the residues
and the particle size distribution of the spray. The solvents used are essentially
non-volatile, a.g. vegetable oils (cotton sead oil, arachis 0il or rape seed oil),
Genomoll (2-ethylhexvlphthalate) and Dutrex 217 (an mromatic product from petroleum).
Thase have been compared with diesel oi! which is partly volatile and Shellsol AB
which is relatively very volatile. It is worth noting that although ‘non-volatile'
or low-volatile' solutions ore mentioned in reports oniy part of the solvents they
contain can correctly be given this deacription. Extremely low volatility means
high vircosity and the acluticns therofore contain other more volatile solvents

to reduce viscosity to a sprayahle level and, in some instances, to ensure that

the active inrredient remairs in solution during storage.

\GHUUND APILICATICN EGUIDMENT
Introduetion

.

19. Anyone with accens only to the publishod rocords of Fround spraying azainst
toetae would hove difficulty in discovering just how the insecticides are anplied,
This is beinn remedicd to o--e oxtent by the putilication of zore information on
praficide application equinptent a good deal of which hes relevarce to tsotse
control. CO’R and the Over:sas Spraying “achinery Centre (CSMC) in collaberotior with
: other UK acientifio units through the Kinlistry of Overseas Developmsnt Natural Rosources
Advigora Coordinating Commit$ea (OIM !HACC) Sub-Cormitise on Pesticide Application
Overnears (V) helps 1in the Frormetion ard co-ordination of pesticide application
research and development in relation to the demnnds of overscar countries,
Asoessmont of mpraying machirery is ongoirs research at 05MC (19) and many of
the teats carried out are ba~ed upon recc-mendations by WHO (30, 112),
20. Spraying equipment in used to dimncminate posticides ap liquids in the form
of aquocus Ruspensicns, emulnions and solutiorna. It is not possible to list all
the equipment in current use or which ie available, but the appamtus mentioned

below has been used in major eontrol operations; e.g. merosol dispensers ore

usod at fly picketn, /v ;0 rachines although employed in the early days have



http:equi-.nt

— |

8.
now declined in use whereas a variety of hydraulic energy and gaseous energy

equipment is still in regular service.

Hvdraulic energy equiyment

Spray nozzles produced by hydraulio energy nosslesj
2. There are threa basic pattern sho pop [ the falt fan, the solid cone and the
hollow cone. Tho limitations of the fan puastern for tsetse work are reflected

in the very few occasinns on waich it apzonrs to have baeh uced. In a campaign
sgoinst G. palpalis _ (35), the Eclipan1 sorayer was used fitted with a lance
that gave a fan-shaped apray for treating the leaves and stems of planta along
patha. One difficulty which arises with these nozzles is that the width of the

fan hos to bo orientated in order to cover the murface to bo sprayed.

22, Cone-shapod sprays wre produced by rozzlos which consist eseentianlly of

a owirl plate with argled slits or holes which produce a vortex in the flow of
insecticide, causing 3t Lo issue froam the orifice in the form of a solid or hollow
cono of spray depending oa tha presence or absence of a central hole in the core.

Whathar Lhe solid cone nowzle hias ever beon used in tsetase control is uncertain.

23, The hollow ccne spray nozzle is in general use and either a constant or
variable spray width can he produced. For the former, the actual dimensions are
dotermined by tha design of th» awirl core, the size of the nozzle disc orifice
and the ojerating pressure. The practical 1imitations of these nozzles is that
when spraying tree trunke or individual branches, the position of the 'nozzle,

in relation to the surface baing sprayed, must be constantly adjusted to ensure

that a swathe of insecticide cf the required width is ohtained (27).

2h, Accurate and therefore leas wasteful application can be achioved by a
gkilled operator using a spray lance (cometimes referrad to as "gun') emitting
a cone of nproy whoss shape can be instantly adjusted to fit the width of the
object being treatad. This c¢an be achioved by altering the length of the

awirl chamber. The sngular width of the oorc, at a given pressure is inversely
proportional to the length of the chamber betwoen the awirl block and orifice

e ﬁhh\\fiac. Altornatively wnntoje cnn be avoidad by adjusting the distance between

4 RCLIPSC SPRAYERS Lid., Rawlings Road, Smathwick, WARLEY, West Midlands B67 5M3,
United Kingdom : ; b
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the nozzle and the target surface but this may necesaitate moving the nocrzle

more rapidly when cloae to the surface.

apray lancea.

25. Two types of spray lance are in gencral use. One has a shut-off valve in
the handle, for controlling the flow of insecticide and produces a constant or
variable cone, depending upon the type of nozzle fitted. With the other, the
shape of cone is adjusted from the handle by means of a control rod inside the

lance.

Ehut off valve models.

-

26. Theso consist of a trigger operated, instantaneous, shut-off valve which
with tube and nozule form the lance asscmbly. To produce a constant shape cone,
the no:nle ansembly containo a swirl cono, an orifice disc and a screw retaining
cap. The shape of the cone produced, for a given pressure, is related to both
the deaign of the swirl plate and the size of the orifice in the disc. Variable
conc nozzles consict of a nozzle body, attached to the end of the lance by means
of an adaptor. Variationo in the shape of the cone are produced by altering

the length of the swirl chamber between the core and the disc, by screwing or

unscrewing tho cap. Leakage of insecticide down the lance from the nozzle ias

prevented by an 'O' ring, immediately above the threaded portion of the bedy.

27. The CP 60125pray &in has been used in some countries. This consists of
trigger operated shut-off valve, with a trass body, a plated steel trigger,

a brasa tube, 58.5 cms in length with a 450 band rnear the end and a aingle cone
spraoy nozzle no. 520/P. The nozzle has a plastic swirl core, of which only one
model in available, a atsinless steel nozzle disc and a plastic rozzle cap. Jix
different orifice sizes wre available, with diameters ranging from 0.79 to 2.38

mm., but in both Nigeria and Uganda disc No. 12 with a 1.19 mm orifice is fitted.

28. Aleo in this catesory is the Stoprex spray gunE. This has a thumb trigger,
in contrast to the models previously cescribed, all of which rave a four finger
* trigger for operating the shut=off valve. The lance and constant-shape cone

nozzle ssaembly arc !.Gwever similar to those of the CPE01 but the Rex Variable

¢ Cocper Pepler Litd. durgess Hill, Sussox RK15 9LA. United Kingdom,
3 Derthoud, 48 Rue Viotor Hugo, 65002 Bollville-Sur-Saone (Rhone)France.
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Noszlou in of a differextcesign. Varistions ir swirl chanber length are made
by rotating a collar to which ths same stainless ateel orifice disc and plastic

nozzle cap as those used for holiow cores ars fitted.

Contrel rod models

29. Spray guns of thie type are intended for use in situations where frequent
nnd often rapid changes in the width of the spray pattern are neceasary, 6.g.
when treating the trunks of different trees and the underside of branches at
varying distances from the operutor, As with the variable cone nozzles described
sbove, pattern shape is changed by alterinzg the length of the swirl chamber. The
diac is fixed but movermont of the core is achieved by the control rcd. The CP700
Spray Guns. is one example of tnis model which has been extensively used in

Uganda, but is no longer availnble,

30. A momewhat different mechanism for adjusting cone shape is fcund in the
GunJet No 12 and No 1“6 apray lances whose use in Botswana hos beea reported (3).
The essentinl difference be:wsen trnese and tha No., 700 is that changes in the
swirl chambor are made by rotating the ccnirol rod. On rotatirg the handle the
swirl chambtior is progrosaivaly orened and srray is emitted, at first in the form
of & short broad cone. As this movement is continued the cons becozes progressively
lonjcer and narrowor until when a cenplete circle has beor turned and the awirl
chamber is fully open and the nyray is oemitted as a solid atrsam. "he cone
dimensiona are relatnd to opor ting preassure and orifice size und two types of
fitting may be used for producing hollow c:rncs. Cno ia a atainleas stoel disc,
intended: for the higher retes ol applicaticr, wihile for lower outputa the disc

can be replaced by a Coradet oyray tip7. of which ten sizes are available.

3. Another lance in which the spray cone is adjusted by means of a trigger-
operated control rod has twsen used with a Pletz vehicle mounted sprayer in Zambia.
The output of wach lance is ccntrolled by the ranual oneratiocn of the trigger

svd can be varied between a very fine cone spruy and a soiid jet (37). The
maximum output (from one lance) is about & lper minute with & 2z dise orifice

and 2,18 per minute with a 1.5 mn dlsc orifice. The maximum throw is about 157
in atill conditiona.

b Pertroud, L5 Rue Victor Hugo, 69 Bellville-Sur-Saona (Rhone) France.
+

Y Coopor lugler Limitsd, iurgsss Hiil, Susmex, RH1S 9LA, United Kingdom,
L7 Lpre, lig Syotw:.. Jo., Schmae Read, Whoaton, Illinois 60187, U.S.A.
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Hand opernted mnchines

32. In contrast to the extensive une made of hand compression aprayers few
organinationn have ndopted the lever-operatod typa, which are ligzhter but lasa
robunt. lnlean n praennura regulating device ia fitted, conmdaralile variationn
in output rate can occur bocause of changes in laver opsration, which {s nffected
by oporator fatigue. Operatora have alao found continuous pumping more tiring
than the periodic pumping of compression sprayers and a further disadvantaze is
that they are unable to use both hards freely to gain accesas to difficult places

or to steady long lances when spraying the undersides of high branches, one hand

being required for pumping.

Prassure-retaining comprension Bprayerc.

5%, Extonnive une hns been made of theas machines, because they maintain
presnurs, and consequent ly less effort is required to operate them than non-
pressuro retaining spray:ro. Ths high operating pressure aluc recducea the
tendoncy to blockages, This type of sprayer can be rapidly charged by mears
of a detnchable pump and naintains air pressure after tlio spray has Lioen
dircharped; further preasure loa; is prevented by a floating ball valve.

Two types of Calihrisara 6till used in anti-tsetse operations, each using’
a different type of charge pump. The Lao-Colibri9 hags ita own detachable hand
pump, wherens tha Favori—Calibri1o rachines sre charged by means of a large manual
or motoriraed pump which can charge several machines simultancouslys This can
be time saving especially where operators are working near tracke (29) or in close
proximity to oach other, @.r. when troating narrow zones of riverine forest (64).

The detachable puip ia another favournble feature of Colibri equipment
bhecause it reduces the woight and connequentiy operator fatijue, a mattor of
somn importance in highiy solective operations where accuracy is essentinl. In
Ugnnda, where the Leo-Colibri is still in service, each sprayer operator is
accompunied by a porter carryirg both a recorve supply of irsecticide and a charge
pump. In Nigeria, a group of sprayors are gerviced by a single rv..le manual

Fevori-Colibri hand pump., The Colibri has been used also in the Central African

#e hac (34).

8, 9, 10 Vermorel - Out of Production.




Non-pressure retaining sprayers 12,

.34,  Non-pressure retaining sprayers hove becon widely ysed, often in preference to
presnure retaining sprayera. This has been due to their lower cost, the non-
availability of suitable prencure retaining models and the need to stock fower apare

parts.

(%5)

35, Some of the f{irst insecticide trials in Ugandq‘ were cnrried(ogf with a Kent
3
sprayer. In the past this eprayer has seen brief mervice in East{ West (29,76) and

1

Ll

Central Africa (32), but no reference has been found as to the model preferrcd. Three
have been in production for rmany years, with maximum working capacities of 4.5, 9 and
13.6 1, The pump cylinder is of brass, tinned inside .to prevent corrosion and is

filled through a fairly srall opening in the cylinder, which can be closed with a plug.

vt : " 12 : ; eall
36. Another non-prensure rotaining machine is the Warley ~, which is very similar to

the Kent. This too is filled through an opening but sealed with a cap. In Uganda

it waa replaced by tha Leo~Celibri, before larpe scale spraying operations gotunder
way, but itn use in othor countries is referrod te by several authors (39,78,81). Like

the Kent, thero are threea si:en of Warley srrayers of similar working capacitics.

37. Whon the Loo-Colibri went out of production, a suitable pressure-retaining

; 1 1
altornativo could not be founi. However, in tuth Uganda and Nigeria, the CP/01 },

was then ured, based on a GlorinTL machine with the same number. As with all non-
pronrure retuining sprayers, the pump remains in the machine while spraying is in
progreas, Like the Kent and Warley it Qna filled through an opering in the top of

tho cylinder provided for this purpose and closed with a plug. In its commercially
available form the CP 201 was found to be ruch lens comfcrtabtle to carry than the Leo-

Colibri. Its extra woirht wns a factor but the low position of the upper sling swivel

support band aa noar the top of the tank as its curvature allowed. The commercial life

of this sprnyer was howevar chort and by 1971 it had been replaced by the CP 1&815.

38. The tank of the CP 148 is of stninless nteel and the greater resiatance to

corrosion of this material may be ar asse:, although with proper care the corrosion
of brass tanks is nogligidla.

11 Four Oaks Spraying Machine Co Ltd. Four Ooks, Sutton Coidfield, Warwicks, UK.
12 Eclipse Spraysrs Ltd. Rawlings Rocd, Srothwick, Warley, Worcs., United Kingdom.

-

1h Gloria-urke DD 109, 4724 Waderisch~i-Westf., Waat Germany.

13413 Cooper Pojicr Linmited, Burgess Hill, Sussex, RH15 SLA, England. |
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pho tank (13.6 1 capacity) provides greater tensile strength and the thinner sheet 3

metal reduces its weight (7.% kg). How-vell these thinner walls stand up to the
f811s which inevitably occur when treating vegetation on a rugged terrain, remains
to be seen. Unlike any of the machines referred to‘above, the CP 148 does not have
a aeparate filling opening. Instead, the pump is removed and insecticide is poured
{n through that opening, with the nid of the fairly large plastic funnol. This is
firmly attached to the nachine and 48 extendad to surround and protect both the

prossure gauge and tho nafety valve.

39. Other models with smaller tank capacities which have been used in African

countries (33,3 ? are the Muratori (10)16, the GCaleassi (10 and 12 1)1T and the
Hudson x pert ''® which also proved matisfactory.

L4LO. A choice of oither diaphragn pusp or piston pump zodels such as the Cnsmoa18
is available and both have been utilised for spraying operations. There is one
publiched record of the lnétcr type (103, thoughk these models have been used in
Zambia. The Cosmos, hns a stainless steel, 16 1 capacity, tank but the pump,

which includes a paddle agitator, is or polyamid plastic.

41, In contrast to other lever-operated machines, the Kantrel19 (21), has a pump

fitted to thea outside of the tank.

42. A very different machine i6 the CP }20 which is now in cervice in Zambia and
Uganda having replaced the Pclyclnir21. The polypropylene plastic body hes a working
capacity of 18 1 and mounted underneath it is a pump which is basically of the dia-
phragm type but the urpoer diaphragm support has been 80 designed that it acts as &

pieton. The compressicn cylinder is not a separate component, but is moulded in

one picce with the puzp body.

Preocsure regulatorc.
43. Few nuthors refer to tho worying presnures used when apraying, and the fisures

quoted uro vnri;bln (73,85). Wen o fitting of a constant proscure device is to be
(16

recommended/ an on/off tap to the outlet volve is necesnary so that faults
in the machine can be rectified witrout loss of spray liquid. Proscure regula~

tors were once uced externsively in iiigeria but were later dispensed with

16 Manufacturer 1iinowa
17 Fires PaOLO C'LF122I 2.p.A. Rome Italy
17a H.D. Hudson ¥:n, Co., 154 F-at Arie St., Chioago, Illinois, 60611, USA

18 Berthoud, 89 Duiausillo-Sur-Gaone (Rhone), Frence.

-5 £, Alirman cnu Co Ltd., Allman Patents Ltd, Birdham Rd., Chichester, Sussex
: r020 78T, United ingdor

20.21 Cooper Pegler Ltd, Hurcass.Hill. Sussex, RH15 9LA, United Kingdom
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because cpray deposit was more effoctively cortrolad visually by the operatora.
A simple alternative to the pressure control valve is the disc flow regulator

which hna been incorporated in some aprayers.

Motoriscd machines

Ly, The use of a small motorised pump is referred to in an account of apraying
operations along the Malawa river on the Ugand&/Xenya border in 1956 (88 . This
type of pump wna uscd from a dinghy and was capable of throwing a variable jet of
aprny to a distance of 8 m. It ias believed that the 700 model spray guns were used
in conjunction with the pump and more recently, the banks of the same river were
sprayed arain from a bont. The insecticide was applied with similar guns but was
supplied from a different type of motorised sprayer. This sprayer consisted of

a high-pressure diaphragm pump, powered via a reduction gear by a L-stroke petrol
engine. Two delive-y hoses were attached and an adJjustable regulating valve gave

b
a range of prescures from 10 to 30 kg/em .

4s, In Jambin the uso of powered pumps has been the standard practice sinca
larpe-acnln eradication cumpnisrc were implemanted. The equipment employed was

a Platz npray unit mounted on Unimop rodel 411 tractor. The unit consists of

a 3-ntage piston pump driven by a pto shalt., Insecticide was rupplisd from an

B0O 1 tank mounted on the vehiazle and was delivered through two hoses at a constant
presaure of 30 kg/cme to a pa:r of lances. Thooe were held by two operators

aitting on swivel ceats at the back of the loading platform but in rough conditions
they walk alongside the vehicle (2,36,37). Tis type of equiprent is, in comparison
to manunl methods relatively expensive and wasteful (81) and is likely to be replaced

by knapsack sprayers.

Gaseous rnercy ecguipment

Motorised knapnack mistblowers.

h6. Theoe are usecd in most countries where tsetae control ias practised, The

model currently in uce in Tanzunia ia the Motoblo Super 7022 which closely

reacmblas thoe Snlo-Part h1023. Bath are equipped with 70 ec two-stroke engirnes,

and 10 insectiocide tanks,

22 Kent Enginsering nnc Fourdry Ltd. Tovil, Maidstone, Kent, United Kingdom, .
23 Solo Kleinmotorar GH¥H, 7034 Maichingen bei Stuttgart, Postfach 20, W,
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Motoblo aprayera have been uwaed in Tanrzania since the early 1960's (21),
Both the 60 and 90 modela were alao in use in Nigeria at about the aoame time,
The model 60 was preferred to the latter becnuse it was lighter and easier to
handle. Further spraying operations with these machinea have been described (17,99)

but they have since been ronlaced by the CP 1002“. whioch is now out of produotion,

b7. In spite of its nmailer and somewhat unreliable engine, the CP 4O proved
to be a reasonably effective machine. The plas£ic insecticide tank has a capocity
of 10 1 and in Nigeria it proved effective for spraying persistent insecticides
{n swamp forest (66).

A number of modificationa were made to the C P 40, the most important being
the replacement of thc thin plastic air-hose with a fabric-coated rubber here,
dua to the plastic hoce being very prone to perforation by thorns. This resulted

{n sppreciable air loar arnd o conaequent daclire in the cpray penetration.

L8. Three KWH ??25 rachines were used in Uganda, and they have been employed
extennively elsewhere (67,100). Notorised knapsack mistblowers have also been
employed in Rhodesia (32, §0) but how long they have remained in servioce

is not known.

Centrifurnl enerpy cnouipment

49, The only record of ejuipment of this type used in conirol operatiors (93)
rafers to thoe HFBQG. Briefly this corsists of a large centrifugal fan, powered
by a 420 cc air-cooled li-stroko engine. At the exit of the fan housing there

is anrofoil section containing a propellor which, powered by the air flow,
rotates n wire cage at spceds of up to 20,000 rpm. Irgecticide is fed into this
cage through a nozzle and is emitted as srall droplets which are carried away in

the air blast.

50. Another type, tha ULVA27 is 8 light-weight portable rotary atomiser.
Incecticide is gravity fed to a nozzle in the centre of an atomizer consisting
of two stacked corrurnted plastic diacs with serrated edges. Thnse are rotated

ot speedn of up ta 2000 11 Uy A omall 7 watt clectric moter, powered by a 12
24 Cooper Pegler Ltd,, Cooners liill, Suasex, RH15 9IA, United Kingdom
25 KWH Wevelwi: i Holland IV, Wndeoijen-2720, Postbun 47, Bommolweg 63.
26 Mioron Surayors Limited - Out of procuction.
21 Mioron Sprayers Ltd., Three Mills, Bromyard, Horafordshire, United Kingdom
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volt battery. Extensive use ic being made ol the ULVA in crop protection work

in the tropics and in Nigeria it has been used to apply ULV formulations.

Smoke generators

51, Eome mmall rcnle control operations w?ro ca§ried nut with smoke generators
20,47),
apainst G. palpnlin (G. fuacipe:) in Ugundu/ but accurate dispersal of smoke under

varying wenther conditions wap difficult. Efforts have been made to ovarcome

these probléms but this technigue has not been used extenaively.

Thermal foggers.

52.  Field trials with the Todd Insecticidal Fog Applioatorza (TIFA), and
its use in the treatment of srnll pocketa of toetse have been reported (36,
47, 94). The Swingfog'’ has also been used (22, 23, 31, 62), and larger
versions of this machine such as the SIIOO30 are available for vshiole

mounting.

Aaronol diivenrers

53, A problem in any tsetse control operation is the prevention of re-infestation
and on ersentini aspect of protective measures is the deflying of traffic by
picketa. Tsetsne flies which sra carried by pedestriana, cyclists and private cars
can be cougnht with nets but this method is impractical for dealiqg with numerous
flies which can be cnrried by a single lorry. In Upanda, small hand-operated
sprayers ure issued to pickets and both gascous and hydraulic energy models have
been tried. The former, which are invarisbliy cheap, insubstantial and intended
for houschold use, are unecono~ic because of their short working life and inefficient
becnuse of the wide variation of droplet sizes produced.

Good quality hydraulic nnerpy models such as the 2180}1 are more satisfactory.
Tinse are intended for indoor unae, but could be uned in garage-type buildings
erected at road picketsn wgere lorries are treated.

PR Tifa Limited, Conk Ludbbock House, Wateraide, Maindeone, Kent,United Kingdom
29,70 Jaydon Engineering Co Ltd. Beacon House, 28 Worple Rd, London SW19 LEE.
51 Ernest H. Hill 11d | Beta Worka, Fitzwilliam Street, Sheffield, United Kingdom



Salection of equirment

54, The diveraity of tyres of spraying machines utilised in tsetse eradication
work is largely attributaeble to the diveraity of habitats cccupied, not just by
the genus as a whole but by individual species. Ground spraying techniques have
also been developed more or less indeperdently in the countries where control is
\ucti ed in a variety of ecological circumstances. Consequently a variety of
local factors have influenced the choié; of equipment. The selection of machines
is relsted to their spraying efficiency, cost, ease of hardling, mechanical
reliability, maintenance and availability of spares. Although tsetse control
organieations carry out trials with diiferent insecticides or formulationes there

30 rarely any mention of comparative trials of different spraying muchié;a.

55. Similar savanna woodiland habitats of G. morsitans have been treated with
spray guns and pressure rctaining corrression sprayers in Uganda and by motorised
knaponck mistblowers in Tenzania. In Uganda, pereistent insecticides have baen
succesafully applied in tretse restiny sites with a 700 spray gun. When treating
savanna woodland and forest communities where the undergrowth is not too danse

to pass on foot, or where access could be provided with a minimum of path cut-
ting, a compression sprayer (preferadly a pressure-rotaining type) adapted for
use with a spray gun has pursoved to bo most practical. . A pressure control valve
is fitted to ensure avon cmission and this is suitable for spraying trunks up

to 3.5 m in height from a distance of 4 m. A rmuch greater rench is often
nacesoary whon treating G. funcines ir’ented vegetation from a boat. In such
circumatances, a comproasion sprayer it inadequate but a small portable, engine-
driven, high pressure disphragm pump is used. With a motorised pump it is alsc
pocaible to use an insecticide container with a much larger capacity than a

compression sprayer, and this reduces refilling time to & minimum.

56. When dealing with thickoted or ewarp forest habitats, access lanea are a
costly item. Costs can be reduced by using suitable spray jets or motorised

mistblowers which give better penetration in these situations.

17,
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AFiilAL APPLICATICON EQUIIMENT
57. The use of insecticiden haa for aome time baen the accepted and main
mothod of controlling tentno fliea and thia is likely to remmin so in the
foreceenbla futura. Renidun) troatments of persistent incocticides (e.g. DDT
and dieldrin) have baen uned both selectively and discriminatively by ground
upraying methods. MNowever, airupraying teochniques have developed appreciably
over the lnst few yonra, certainly to an extent where the use of aircraft to
opply insecticides in ont i-tnetse oporationas has progressed beyond the experi=-
mentnl stnge. Am far ns the future is concerned, it scema likely that .emphasis
will be placed on the u:ie of aircraft in rmany areas which are infested with flies
and it seems probable tlat any large scale control programmes will contain a

nignificantly large aer:nl input.

58. The principle re an for the choice of alrcraft is the relative enae with

whiclh lnrge acala operations can be carried out in comparison to spraying from
the pground and nlso few:: trained «. .77 required. Aircraft are able to apply
nprny to tuetae hahitntn which are i.uceennable from the ground and this either
tuken the form of placi. ; the resiunal deposits in specific uites or by space
aproyiug a wide area. firianl applicilions of insecticiden are likely to produce
more general environmen'al contamiiition than ground spraying, except that much
lnwer dossje rates are uned, and therefore it is essential to incorpor ' ambient

peaticide monitoring in «ny operatizaonl eirspraying programrie (para. 4 ).

59. Application tacliigues by fiyed wing aireraft and helicopters have now
renclind the stapga of develorment such that asuitable equipment is available to meet
mort tactoe control raguirementn. Moty larse scale progrowmes to control tsetse
flicn aro now basad on norial application of insecticides and although they often
involve a hiph financial commitmant sorial spraving may be lena expensive than
pround spraying in tera of unit arca covered, depending on the insecticide sclected
and the amount of grouind per unit arsa. Thia is partly accounted for by the need

for fewer porsonnel ana lenu logistic suppert in aerial operations than ground

caravineg and tida olben sisplifios the opevati .nal plunninz. Howsver, there are often
Al fficultiaes in cxeouwt: = aliajeay ou witisn becauvse of the necessity %0 services and

repair sozhisticatei ¢ .ipzemt in r ite ci3:0 and to achers atrioctly to a sclidule
of sequontial appliomt:.ns.
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The development of nirsporavinre techrigues

v0. Research on appiication of insccticidea from aircraft for tasetse control
han proprosaed by two dintinct and different methoda. These methods are here
referrod to aa “"non-residual trontientn' and "residunl troatmentn''. Although the
une of aireraft in agriculture had its beginnings more than 50 years ago (1), for
tgetase control, non-residual airspray treatments have been in use for almost

30 years and residual airspraying about 8 years.

Non-residusl troatments rely on sequential applications of very small
droplets of a relatively concentrated ineacticide, dispersed widely in savanna
woodland areas with the objective of applying spray droplets which will come into
contact with tsetoe flies either ia light or in their resting sites @s). This
method has been used extensively in Eastern, Central and Southern Africa. Residual
epraying treatments froa aircrait have been developed as an extension to the
traditional ground teciniques and adapted to aerial spraying of persistent
imcticides to specific targets vwhere tsetse are known to rest. These have been
particularly suited to inetse control in riverine vegetation, ecotones and
drainnge lines in West afr:ican conditions, especially where the tsetse habitat

ic restricted during the dry season.

Non-residual spraying trchnigues.

61. Aerial operaticna to contral tsetse fiy bepgan shortly after the second
world war in South Africa, where Anson aircraft were fitted with extension tubes
nttached to their exhmist stubs. These devices were used to apply 5% solutions
of DUT (102) to fly infeuted regions of Zululand. At about the same time in

East Africa, work commenced on experimental programme of arrial spraying to study
methods of controlling tsetse fly {para 2). Work was carried out on an
experimental basis and involved studices of insecticide formulations and spraying
techniques with suppor!ing phyniochamical and biological asnessments. Early
experiments were carricl cut with war gervice aircraft fitted with crude devices
e.r. open pipea and thermal exhaust units which were used for the production of

fine cprays and coarge Acrosols (52,53,54).

62. mrials were ineiffeciive in achieving control of f1ly but research continued

ti.roughout the years in improving upplication techniques, cpray disperscnl equipment



http:savar.na

20,

and insecticide formulations. Eventually izproved fly control was achieved,

but only at high coats ( 56). The development of an isproved

thermal exhaust device fitted to a Cessna 182 aircraft which was capable of
prouucing good aerosol characteristics (79 was used to apply dieldrin and isobenzan
(1D which gave very satisfactory ;on:rol of taetse flies at reduced cost. In

196", endosulfan waa introduced for the first time and this experiment was shown

to reduce coats appreciably (51.

63. These experiments picneered the use ol aircraft for.the control of tsetse
flies by non-residual spray methods and laid down the foundation of techniques
which have developed over the last few yeara in Central and Southern Africa. In
1967, an airapray exparimant was carried out to control tsetse fly in éﬁ Barotseland
and this subsequently led to the commencement of a large scale spraying operation
which was carried out the following year and covered an area of 1600 ka® (81).

The techniques have boen further refined in Botawana in 1973 where a twin-engine
Piper Aztec aircraft fitted with a single Micronair unit has been used to control

fly in the Okavango Delta (61, T1)
Residusl spraying techni;ues.

64, Trials were carried out in Kenya.(4 19 using an experimental formulation
of dieldrin appliod by helicopter (Bell 47G) ard fixed-wing aircraft (Piper

Pavnes 235) to control C. rallidipes, The insecticide was formulated as an

invert emulsion and was applied from a Bi=- Flon32 device, Spraying by helicopter
proved to be prohibitive because of the high operational cost but triuls were
contirued uasing a fixad-wing aircraZt. The insecticide applied by this method

wans shown to pethrata tiu canopy and preduce toxic depomits in the understorey
thicket. A opraying teclniquo was doveloped which conasisted of applying a swath
ot intervals of 5im acroza the thicket and this proved to be effective in

controlling fly for at lraot 8 months,

€5. In Weat Africa, 2.7, dicldrin and HCH as erulsion concsntrate formulations

have beon applied primar:ly to clear rivarino vegetation of G. tachinoices (92),

Two spplications at throe wockly intervals wero made from a Bell Helicopter

32 aiell International Gliciical Co Ltd., London, Zagland.




(33, 3) 2.
’(h7G-§A 280 HP) fittc@ with boom and nozzle ejuipment{ These areas have remained
fly free for over L years. In 1971, discriminative sprayirg of dieldrin to
vegetation usually sprayed from the cround was carried out in the Northern
Guinea Savanna Zone (NS5..) of Nigeria (91). The nrca aprayoed conuigted of
riverine vegetation, Iroberlinia woodland and ecotones around hills ;nd in the
sub-plains (74). A 20% dicldrin EC was applied at the rate of 1.5 to 2.0 kz/ha
and, with isolated exquzions where fly pockets were pissed. these areas have

remained fly free for!over 3 years. Dur?qg 1972 spraying trials in thelNGSZ,

a helicopter fitted with boom and nozzle equipment was auccessfui in c;;trolling

G. morsitans for several months using ULV formulations at 0.5 kg/ha and 1.5 kp/ha
:of dieldrin and endosulfun respecti;ely. Subsequently.trials using eigﬁtUlvaBs'

cloctricaily operated rotary atomisers meunted oa the boom of the.helicdpter

indicated that fly was controlled and exterhinated at 0.64 Kg/ha Qnd 0.8 kg/hd with

ULV formulations of dielirin and endosulfan respectively to about 10% of the infested
area (25).

Lquiprent for non-reaidual insecticide trestments

Open pipe

0h. The firat trials carried out in tZast Africa employed an Avro;anOn LT1X
aircraft fitted with four srray tanks having a total capaci&y of abéut Eov L.
Sprﬁ; liquid was emitted under.grnvity ‘rom two wide ﬁxﬁés which extended about
35 cm.below the fuseloge of the aircraft, Emission rate couid be adjusted by
a;-lris diaphragm which was situated st the end of each pipe. Adjustmcﬁ:é

were made by the pilét o the cockpit during the flight and syray a:cmisn:ion':
was achieved by the action of the 6lip stream which broke up the jet of .iquid .
into spray dé&plets a5 it was emitted frcm ého pipe;l It was not sufprising

that the droplet spzctrum from this rather crude device was fairly wide and

the unit was subsequently discontinued.

33 Sorenson Airecraft Co., Box 264, Worthington, Minnesota, U.S.A.

5% Simplex Manufacturing Co., 5224 Nortn/East 42nd Av., Portland Oregon 97218, U.S.A

15 VMicron Sprayers Ltd., Threec Mills, Bromyard, Herefordahire, UK.
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Thermal Exhaust.
67. One of the firat devices to be used for the production of aerosol droplets
was fitted to an Avro-Anson XIX aircraft (42). The course aerosol was produced
by allowing the solution tv flow into & modified exhaust system. The solution
flowed through a narrow pirs 22mm internal diameter and into the exhaust pipe
at a distance of 50 cm from the centre line of the exhaust manifold. It then
passed down along the exhaust tubes 10 cm in diameter, and was finally emitted
vertically downwards into the slip strers asbout 20 cm below the trailing edge
of the wing. The installation was based upon a design used for similar work

ngainat teetse flies in South Africa.

’

68. In 1962, renearch wrs; reopened to develop thermal exhaust units for aerosol
production to ensble studies to continue on aerial applications of insscticides
for tsetse control. A device wus develoned for a Cessna 182 and this consisted
of an Inconel tube 45.7 em n length and 74.6 ma in diameter which was secured
to the exhaust atub of the aircraft (70). The spray liquid was fed iﬁto the
exhnust extension throurh a rotering Jet located outside the axhaust syatem,
Another device conaisted of fitting extarsions to twin exhaust pipes, the
extongions being 2 slightiy curved ataninlcys ptelpipes 5.1 ¢ in diumeter and
approximately 61 c» in Jenpih. A 3401 Sorvnaoﬁsnpruy tark was fitted below
tne funelnge of the aircrali and the syatem incorporated a 3-bladed fan-driven
Simplox}tentrirugul pumn (2.9% cm), The flow ot liquid wos controlled by two
diaphragm check valveezbouch fitted with a strainer and a D4 orifice disc. The
liquid then flowed through .! copper tubes 0.32 ¢n internal diamater to the

out® ' porta of the extension pipes. The noint of entry into the extension

was 20 cm bolow the manifoli, where the tempsra.ure waz estimated to be 550°C.
Thermal exhaust units are currently in use in Zambia with the parastatal

organisation 'Rural Air Servicea' which ras 3 Beechcraft 'Baron' twin-engined

aircraft with Sorenson exterrnal tanxs of 360 1 capacity.,

%6 Spreying Systems Co. 3201 R Street, Bellwood, IL 60104, U.S.A.
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Rotary atomisera (air driven),

37
o, Micronair haa produced a number of retury atomisnera over the lust faw

yoars and thens atomiiora have been uned on A vart.tly of atrcratt in pumerous
pest control operatijonu throughout the world. The phyaical chAracteriatics

‘of the spray emitted from the rotary-atomisers, are dctermined by the liquid
throughput and the speced of rotation but the droplet spectrum achieved is more
uniform than hydraulic spray nozzles. The units are driven by a 6-bladed '
windmill, whose blade anfle and therefore spged of rotation can be adjusted
betwecn flights, Micronair equipment is used mainly for the ULV.applicaiion

of mists for the control of insects and diseases in crop protection and can be
modifiod to produce aerosols in the range of 10-40 microns in dianeter arplied
from small single-engined aircraft (69), provided that the irsecticide solution
i fairly volstile (para. 18). The latest unit to,be marulactured in this
serios i the AUBO00 Micronair rotary atomiser and this has reoently undergane
trials in Botswana fitted to twin engined aircraft to control tsetse fly.. This
has a smaller diameter casje (32.7 cm) than previous mcdels and when fitted to a
Piper Aztec spraying at a &peed of 260 km/h gave droplets of approximately

25-30p  vmd using inseccticide solutions containing diesoline and Shellgol AB

(1.

Hydraulie Spray Nozzle:s.

LA B

70. In Tanzania, a Meazle liusky D5/180 single énsined aircraft.fitted with

four nozzles has been used for tnetse control. The %o;zles are ioéstéd. gncﬁ

lift strut and w}ng tip, tnd are fitted with D2/2% orifices and strn;noru. The

total throughput is &;nroximately 2.7 1/min, the rcportcd'dro§1e£ éizg‘
.LC-BCu and a swath width of GOm is employed for a aprayiné ;pgod of 175 Em/h. A 26#

formulation of endosulfan in oil is used at a nominal dosage rate of ﬁé l/kmg.

[ et e \

37°* Vicrennir (Aerial) limited, Bembridge Fort, Sandown, Isle of Wight, UK.
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In genaral these airepray operations havy prcved satisfactory but the very small

pay load of the aircraft mekea it difficult to treat large areas. Five applications
ore nade at 3 weokly intervala. The aircraft {s not fitted with an automatic
navigation aid and therefore ground marking is vital. Unsatisfactory marking .

has led to errors in several inatances and it ias suggested that automatic

navigational guidance systems would obviate many of these errora ( pars. 82).

7%, In recent years, other types of atomizing devices have been investigated
(84), but at present the rotary atomizer principle appears moat suitadble for

non-residual insecticide application.

Equiprent for residusl insesticidal trantments

Bi-Flon apparatus

72. The Bi-Flon apparatus was designed specifically for the application af
penticides formulated ns invort emulaions. Invert emulsions are produced when
invert oils are mixed in wator, the o0il phame becomes continuous and the water
phase dispersed. The groater ratio of water to oil, the nore viscous the
erulsion. The use of inver:s was designed to develop drift free spraying but

the oquipment and the mcthgd proved to be too complicated, and the practice

has now been discontinued., However, it ia worthwhile mentioning some experiments

vhich were carried out to control G. rallicipen and 2, brevipalpis in the Lambwe

Valley , Konya, because {t may well have a bearing on future spray programmes
using residual insecticide formulations. Trials with a Bel) 47G helicopter
preved to be very ‘effective in producing appreciable rsductions in fly numbers
but the tachnique was too expensive and investigations were not pursusd further
(72). Trials were continue! with fixed wing aircraft snd efforts to cut the cost
of reducing both innecticide and spraying t'ime were successful. Studies were
rade to evaluate the effact of spraying at intervala of Sbm and it was ohown that
at least 60% of the area would have to be sprayed to achieve any satiafactory

derres of fly control ( 4).
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Boom and nozzle equipment. 23,

73. Residual spraying has been carried out in West Africa where helicopters
have been in use to aprply pérsistent deposits from the air in the Sudan savanna

gone in Niger in 196G. An area mainly infested with G. tachinoiden in dense

riverine foreat were sprayed twice with mixturea of DDT, dieldrin and UHC in an
erulasion concentrate using a Belllhelicopter h7G-bA fitted with boom and nozzle
equipment. In 1971, a trial covering 24O kn° in the NGSZ in Nigeria waa carried
out with the aame helicopter fitted with two spray tanks, each of 100 1 capacity
fixed to the right'and laft sides of the engine. A rotary pump which was belt-
driven from the engine was employed with 32 D3/25 nozzles at intervals of SO cm.
Applications were made at speeds of 32-40 km/h spraying to within 1-2 m Sr the
canopy and this gave an effective swath of about 20 m. In larger broken areas

of Isoberlinia woodla:d, swaths were sprayed at intervals of 200 m. Only about
1% of the area was treated according to the discriminative ground spraying
tochnique developed earlier for ground spraying ( 74. Dcsase rates ware reduced
and techniquea improved, and this was achieved by using fewer nozzles on the boom,
thereby reducing the liquid throughput. In 1972, 12 of these nozzles were used
to apply & ULV formulation of endo;ulfan in a vegetable oil. This ULV technique
ennbled helicopter applications to be made more efficiently in terms of

insecticide used, and in the overall cost of the operation.

Rotary atomisers (electrically powered)

24, During the period 1972-73, spraying techniques in Northern Nigeria were
further refined by emploving modified Ulva atomiaorn'and 8.of theae unita to a
Jell 47G helicopter. Three were fitted on each side‘of the boom and two behind
the engine. Each atominer was driven by a 24 volt motor and rotated at a spaed
of 9000 rpm. Liquid was carried from the boom through a restrictor to the
_otomisers and a constnnt flow was achieved. The system allowed for multiple and
sin;le operation of the atomisera during the flight and the spray techniques
emrioyed were asimilar to those used in earlier trials. The helicopter flew at

25-32 km/h over dense riverine vecotation and 40-47 km/h over open Inoherlinia

cnd o whero apray .. it Weie node at intervals of 200 m.
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75, In 1973, an investigation was carriat sut to atudy the penetration of

spray droplets when spplied from electrically operated rotary stomimers fitted

to a helicopter to a forest habitat in Ivory Coast (60). A Bell 47G-4A 280 HP

was used for the trials and carried 2 tanks, each 100 1, fixed to right and left
sides of the engine. The rotary pump, driven by a belt from the engine, supplied

the spray system with liquid. The system consisted of 8 electrically driven prototype
Ulva atomisers, which could be individually activated. These were attached at
intervale of 0.5 m slong a centre and two outer booms having a combined span of

10,5 m. The 24V/60W atomisor motors gave a nominal rotation speed of 9000 rpm
unloeded. Spray droplet sizes depended on throughput and this could be altered

by changing the size and numlLer of the liqui: reed norzles.

76. Experiments have also been carried out to study the affectiveness of

several ULV insecticides applied by helicopters to control (. valvalis garhiensis

snd G. tachinoides in the area of the WHO Onchocerciasis Control Programme in the

Volta River Basin (24). The helicopter used was a Bell 47G-4A, 305 HP with a
speed range of 32-80 km/h and two rotary atomisers secured 6-8 m apart were used
to apply ULV insecticide formulations. Two types were used: 1 type produced
droplets between 20 and 30 u in diamoter which were applied at a rate of 0.6 1/min;
the other type, which had large apertures, produced droplets of £0-100 p diameter
st 1.2 1/min. The heidcopter flew at a constant height about 2 m above the
canopy; but it was necersary for it to make aide turns to follow the bernds in
the water course. The powerful air current propelled downwards and backvards

by the rotor carried the insecticide, which assisted the penetr?tion of spray
into the vegetation at ground level. In order to avoid losses due to convection
near the surface of the ground, ULV applications were oonduoted for about

2 hours after sunrise

Tvora of aircraft suitnble for anti-tsetse operations

77. Small single engine fixed wing aircraft are of limited use in tsetse control
operations except posaibly-in the carrying out of experiments, where relatively
amall areas need to be treated. In most instances, aircraft below 2500 ke

e claas bake=of D waisat wuild not have the rangs or weight carrying ¢apability

required .. uuch proicwnoue It ds probable that no single type of aircraft
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wa1ld be suitable for large acale tsetse control reerrammes and especially if a
range of different toctse habitnta require treating. Large, flat areas can b:
antiafactorily aprayed with medium and ponaibly large multi-engined aircraft
while amall mountainous nreas, often found in Eastern Africa, are probably more
suitably treated by light-twin or medium-single engined aircraft. Mountainous

Areas, areas difficult of access and especially wvinding riverine habitats are

treated more effectively by a light helicopter. °

78. In general, the amaller types of fixed ving aircraft used in tsetsc control
operations should have good pay load and range characteristics, be easy to control

nt low flying speeds uid have good short take-off and landing (STOL) charocteristics,
In addition, they should allow the pilot good forward and downward visibility and

be corrosion proofed acainstthe effects of insecticide chemicals. Tsotse contrel
operations are often carried out in remote wooded areas where the opportunities

for making a safe emersoncy landing (o.g. in the event of engine failure) are
limiled. For this reason, multi-cngined aircraft ahould be uged whenever

poticible. Twin engined, aircraft should have a satisfactory single engine

prrformance at maximum take-off weight up to 2500 m density altitude.

79. With helicoptera important considerations are the forward and downward
vipibility for the pilot and the manoevverability of the aircraft. The helicopter
may be required to land in unprepared arcas and a shielded tail rotor and high
lift skids are va uable features. Any type of helicopter can be used in tsetse
control operations althourh machines with a maximum take-off weight in excess

of 1500 kg will probably be prohibitively expensive to operate.

£o. Despite rining pricos which have recently affected all aspecta of pest
control throughout the world, airsprayin;: conts for tsotse control have actually
decrensed since teciniquas were first developed. This is attributed to a nunmber
of thinga but primarily, spraying equipment design, better insecticides and
“aved application techniques have all played a major role in reducing costs.
improvements in dispersal ~quipment have resulted in more efficient spray

atomination which, as a consequence, has helped develop application techniquos,.



Aircraft utilisation has incrcased as a result of extending swatha widths and
hish spraying spcodo. Cocts have alao been reduced because of bettor peaticides

w: ch have boon discovered and f.rmulated as conceni:iates in aromatic oils
bR 3

containing higher percentagea of active ingredient than was possible when field

trials wore initiated.

81, At periods of peak demand the work output of aircraft can be extended

by the employment of additional pilots over a 7'day working week, or by fitting
high powered lights in the nose and on the wings of the aircraft which makes it
possible to fly at night. Typical work ocutput data have been derived for various
types of airoraft which are or may be used in tsetse oontrol programmes (83).

4

Navigation nids

82. No ground markers are needed for helicopters in West Africa when treating
tnetae in areas such as clearly viaidle drainage lines and vegetation inter-

sonea. However, traditionnl methods of ewath marking for aerial spraying in

trnetae control operations over large woodla.d areas have been in use for some

time e.f. amoke firen, flags, balloons, rarker bands, signal flares or lights.

The development of teetse control techniques using fast aircraft, flyirg longer

spray runs, wider svaths and night flying has made the development of more sophisticated
navigational aids desirable. Soveral types of airborne guidance systems are

under inveatigationie—

~ One system is bhased on an Airborre phass measuring device wﬁich measures the
phare difference between the radio emissions from two or more ground stations
(106)s The equipment im essentially a refinement of the Decca Navigation aircraft
Ruidance aystem and has the disadvantage that ground transmitting stations are
roguired, nited at accurately mapped locations. Although easily portable ground

nAtntions are now availarle, these may be difficult to site correctly in remote

nrena.

- Another system consists of a sensor unit which measures the inertia changes
induced by attitude and acceleration changes in the aircraft during flight. The
incrtial navigation cystems (ING) is entirely self-contained within the aircraft
and no ground stations are required ( 7). The main disadvantage of INS in vector

control operations using light .jrcraft in the cost and weight of the equipment,
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and the fact that the system is difficult to adjuat to flying reciprocal tracks.

- Medium and largor types of aircraft

can be fitted with highly accurate electronic navigation equipment (e.g. Dopp{;;.
VLF) but ground markers are required to line up on approach and exit from

large blocks, especially when spray runs are many kilometera in length. In
addition, these aircraft may be equipped with instruments to allow Tlying at
night within close proximity to the woodland :nhOpy. As weather conditions

at nivht are often suitable for insecticide applications from aircraft,

nocturnal tsetse control operations have been studied 61,71).
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PART 1T, FUTURE REQUTRIMENTS FOR INSICTTCTDIS AND APPLICATION RUUTIMENT

INSECTICIDES

j. Candidate compounds for tsetse control {rom commercial companies,

rogearch institutes and other sources should continue to be assessed for

innocticidal activity in laboratory tosts as a basis for selection for fic.d

evaluation. This selection should.take into consideration not only toxicity
suitable formulation,

to tsctae flies but also existence of a / availability and cost, toxicolory

and possible effects on non-target organisms. Some of these factors are l:ated

(Appendix I) for new compounds already regarded as possible replacenment chemicals

on the basis of toxicity to flies. The availabilities mentioned are of the order

of 1g to 100g for laboratory teating, 1 kg to 100 kg for field trials, and in

normul commercial quantitien for those which are readily available, and apply

to the situation as far as it is known at the prosent time.

2, liighest priority chould be given to field evaluation of the synthetic
pyrothroids, NRIC 143 and NKDC 161, which are outstanding in their toxicity to
tnetoo }11;5 and their persistence in spray residues and could be used in both
nerial and ground seproys. NRDC 161 is tho most potent insecticide known arainst
many insects but also hao a high mammalian toxicity with a site of astion which
diffors from other pyrethroids. It is important therefore that further information
should be obtained as moon as possible on hazards to other animals although it
thould aleo be noted that the very powerful insecticidal ncti;n means that it

can bo used at lower concentrations and dosages than the other candidates.

3 The organophosphorus compounds and carbamates listed have good to¢
modcrate toxicities to the flies, as measured by topical application, and can
be dividod into those which are likely to have a short term percistence on.y
(for example, fenthion, naled, bremophos, propoxur) and those which could %ave
n lonpor residual action (for example, azamethiphos, tetrachlorvinphos,
Jjodfenphos, bondiocngp). Bromophos from the former group and tetrachlorvinphos
from tho latter have already been examined in field trials and found to be not

very promising.
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M.
L, The susceptibility of different species and atrains of tsetse to

endosulfan and dieldrin and to represontuatives of other chemical classes that

nre likoly to be uaod in fiold operationa should be measured in different parte

of Africa. Thin will provide puidance for voriations in dosages required wid

glno bane-line dota for a aystomatic monitoring programme for reaistance. A

simplo ntandard mcthod uhiould Lo adoptod; the rmost suitable is probably the

W0 mothod for topical application (111), but field performance should alsoc be studied

by methods utilising tarsal oontact with weathered deposits on sprayed surfaces (o.8¢
bark) if persimtencc is to be investigatad,

Reaidunl applications to veretation at hirh volume rates

S. Solutions are not unually employed because the solvent is expenasive
compared with wator but they wero used in early trials in East Africa with DOT
(95)or more recently in Migeria with dieldrin (73). The cheaper solvents cuch

oo kerosone which can bo uned at high volumes evaporato rapidly from deposits and
do not influonce pernintenca or activity of the ingocticide by their prosenco.
They can wodify the {nitial distribution of insecticide by moving it inte

bark or leaves before thay evaporate.

6. Emulsions or asuspensions are much commoner systems for insecticide dispersal
and the two insecticides DDOT and dielérin are invariably used in these for~s in
the larger control schemas; for oxanplé in Nigeria, Uganda, Tsnzania, Rerya
and Zambia. Suspensions are prepared from water-dispersible powders which
contain insecticide and inert diluent particles and surfactants and give dry
doposits since the water cvaporates very rapidly. Biological potency deperds

itn physical state
upon tho particle size diastribution of the active ingrodient/and the surfacu
which has been treatzd (44). Finer particles are picked-up more readily by
rooting insecta while the adhesive properties of surfactant residues reduce

pick-up on the leas poro:.s surfaces. Those powders which meet WEO specificationa

huve about the optimum particles size distribution.

7 Since the insecticide is in solution in emulsion concentrates, or in tho
crulsions prepared from these, the physical forms of the deposit after solvent
ond wator havo evaporated will be controllsd by the crystallization projarties

of the insecticide and, again, the sprayed esurface since thias crystallisstion



occurs more readily on some surfaces than others. (5).

8. The persistence of the deposits resulting from the use of powders or
emilsions wiil be controlled by the physical properties of the active material
(e.g. dieldrin is more volatile than DDT), by climatic variables and by the
surface sprayed. Thus water~dispersible powder deposits have been found

more cffective in hot, drier areas than thoase from emulsions but the reverse
is true ;n cooler areas with higher‘rainfall (63,76). The powder residues

arc more easily washed away by rain than those from emulsions. Another
important factor is the intrinsic toxicity of a compound to the flies. For
example dieldrin is more potent than DDT and deposits can be reduced by a

larger amount but still be more effective.

Q, A1l the candidates for replacement insecticides in tsetse control are
available, or could be made ava:ilable, 15 water-~dispersible powders and emulsion
concentrates. A few, such as pirimetaphos, azamethiphos, tetrachlorvinphos and
bendiocarb, have a low solubility in the common solvents used to prepare emulaion
concontrates but this could be improved with known co-solvents. Convergely

their low solubilities mean that they usually make good water-dispersible powders.

Aerial application at ultra-l-w velume ratea

10, This usually requires that the forrmulation should be a golution of high
concentration, say 107 upwards, since it is important that a lethal dose is
present in one or very few droplets. Although this criterion applies to most
insecticides it is possible that with exceptionally toxic compounds such as
NRDC 161 the concentration can be reduced to something of the order of 1%.

For these gsolutions the vital ccmponent is the solvent or, more often, solvents,
Their properties centrol the initial atomization, the reduction in droplet size
during pagsage to the target nnd the efficiency with which the insecticice
passes into the insect either from dropleis on the cuticle or from droplets on
surfaces on which the ingect estn. They can also influence the persistence of

ingsecticidea in upray deposits when they are of low volatility themselves.

11. A discussion of all these interactions between insecticide, solvent,
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insect and surfac& would Lo too long for this report. Briefly, howgver, .ic oeot
solvent systom probobly consists of a non-volatile component cuch as a vege' ihle
0il, plasticizing ector or Dutrex-type petroloum extract combirned with a ve.atilo
solvent which may bo lost during application but cnsuros.thnt the phyai- ..
proportics of tho blend are appropriate for the atomization process. Tho none
volatileo solvent is a less cfficient carrier for insecticide through the cuticle
if u droplet lands on the insect itself but can multiply the life of the acliva

ingredient in a residuc by several timos by reducing its volatility.

12. Thoro are likely to bo difficulties in preparing high concentrations of
noma of tho newer compounds bocause of their low solubility in many of tle

common golvents, The organo-chlorine compounds as a group are reasonably soludle
in petroleum-derived rolvents or in aromntic solvents from other sources. Some
orpano-phosphorus estors also have hiph solubilities (bromophos and jodfenphos)
or are miscible (chlorfenvinphoa and fenthion) but others, especially the
phorphatas are vory poorly soluble in the usual solvents. Pyrethroids are
uoually readily dissolved but the difficuity of low solubility is again encounterod
with most carbamaten. These and the phosphates can only be dissolved in water-
mincible, hydrogen-bondis;r nolvents such ns dimethylformamide, N-methyl-l-
pyrrolidono or haxamethylplionphoramide. tuch of these has been used as a wolvent
or co-solvcn% in commercial ULV solutions., Unfortunately théy are also gvod
nolvents for many polymerc used in Lho hoses and washers of spray gear amd their
water miscibility means tnat insecticides can come out of solﬁtion if water is
uscd for washing the cquipment. They are also relatively volatile and arc likely
to be lost during'or immediately after application and may have undesirable
attributca nince they facilitato sxin absorption of toxic chemicals, It will

be rren that the formulation of many of the newer insecticides will reed to be

considerced with moro ultenlion to solvont properties than was necessary with

.

the compounds uced previously.

13. Other types of formulation havoe been tried or may be considered in tke
futuro. The relatively incoluble insccticidos aro casily millod to give fine
cunponsions in watoer, i 'eol’ Lypea, or in non-volatile oils as, for exmuple,

Vi eonrly DI-gpiniio wil or carbaryleoil mixes. These can be aprayed as supplied



or diluted to suitable concentrations with water or oil respectively. Inverted

emulsions have been tried in Kenya (72) but special epray equipment is needed to
form these. Micro-encapsulated inseciicides may have a place in tsetse control

although they are likely to ba more expensive than most other formulations.

Thoy would be most useful in extending the lives of those insecticides which are
promising in other respects but lack persistence and would therefore need to be

designed with suitable leaching or disintegration rates.

GROUND EQUIPMENT

14. Spraying machinery manufacturers are dependant to a large extent on
requirements of the agricultural market although it has been possible in some
areas to utilise locally ~ade machinery, provided that it conforms to accepted
standards (79) and is sufficiently cheap, 1I% is probable that any machines
developed for anti-tsetse operations will also have to have suitable outlets
in crop protection situations if production of equipment is to be economically
viable. Soma manufacturers would be willing to make modifications of existing

equipment for tsetse control provided that some commercial return was evident,

15. Developments in ground equipment are proposed in the following areas:

Hydraulic energy equipment

Spray lances,

16.  Shut-off valves should be made simpler and more reliable, possibly making
greater use of plastic to reduce corrosion problems. Lance extersions are
required which can quickly and easily be fitted to existing lances to extend

their range of operation. Bayonet type attachments should be used wherever
possible.

Spray guns,

17. Tsetse flies are found in many different types of plant community and
equipment is needed to treat a wide variety of preferred resting sites,

Control of liquid pressure and spray pattern shape is essential and although
some work has been done to investigate 8pray guns giving varying pattern widths,
this needs to be developed further, A device which can alter the spray width
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tshould be capable of being operated by the hand holding the lanee

I'rosgure retaining sprayors.

<8, Pressure retaining equipment is urpently required to replace equipment
uncd in the past but which is no longer availabdble (para 33). Good oompression

apraycrs should have tho following specifications:

-~ Tanks to be mado of suitable gavge of stainlecs steel or Plastio with a
holding capacity of 15-20 1,

= Operating pressure range of 6-3 kg/cmz, or even higher a pressure gauge to

be fitted to the top of the tank, and a prsssure regulating valve,

= A ghut-off volva of the floating ball type should be used.

= Capabdle of beiny filled wilk air and insecticide with its own detaclinile
pump and with a scparate change pump.

- Fitted wath an on/off cock on the insecticide outlet pipe.

Hand compression cprayers.

19. lland compression sprayera which meot tho WHO specification (30) should

Le tonted to determino thoir suitnbility for teotsoe control,

Levor Operated sprayoer.

20, No requirement for this type of equipment is anticipated.

Yotorised machines

21. Any machine which is operated by means of an engine will present maintcnance,

servicing and ropair problems in the field. Nevertheloss, some requirement is soen *

for this type of machinec.

Motorised knapsack misiblewors

2. This type of machine is most useful in areas where insocticidea must be
)

upplied to dense vegotation and, where access by the sprayman may be difficult.

Tiere is a wide varicty of motoriscd knopsack mistblowers available and thess

#hould be inapected to determine which are most suitable in specific situations

(para 46-48),
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Vehicle mounted machines,

23. No requirement is seen for this type with the exception of fogging
and ULV apparatus attached to or mounted on vehicles. The use of this equipment
would however be limited to areas accessible to wvehicles and with suitable

ambient weather conditions.
Fogging machines,

24, _Those machines have found little use in tsetse control operations, Their
uae w&ﬁld in any event be resiricted by weather conditions. Nevertheless there
are situations, such as when dealing with tsetse living in scattered and
rolatively small thickets among cultivation, where a non-persistant insecticide
might have to be employed and a small poriable fogger might be the most cone
vonient equipment to use, The great advantage of this type over ULV equipment

is the visibility of the insecticide after emission,

Manual aerosol producers,

25. There will always be a rccd at pickets for such equipment, for eliminating
tootse being carried by vehicles. A wide variety of sizes and qualities of

both gaseous and hydraulic energy hand-sprayers are available, but few are

large enouph or sufficiently robust to stand up to extended daily use,

AURIAL EQUIFMENT

Requirements for airsprayving ezuipment

26. The need to produce aerosol droplets (vmd 20=50 um) for sequential non-
residual applications of inseciicides for tsetse fly control has been well known
for a conasiderable time, bul there has been little incentive for spraying
michinery manufacturers to inveat in research to produce new apparatus. This

io understandable bacause such ventures could show little returns since there

is 6n1y likely to be a demand for a small number of units. However, of late
there has been an increasing awareness of the need to produce ULV and fine

spray dispersal equipment for crop protection purposes and thercfore, there

has been an increasing number of prototype rotary atomisers available of very
variable performance. Most of the units now at the prototype stage are
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flectrically powercd and nomo of thene have rlready been uncd and nnnenncd for
nelno control operations. lawvever there is still a neod for a robust and

reliable unit capable o/ producing small aerosol droplets for uge on botii heli-

conters and fixed wing aircraft and further work in this area is recommended,
As far as amall fixed wing aircraft are onncerned thermal exhaust units
appear to be the wost suitable equipment for aerosol production although the
droplets produced are very variable in size and some of the larger dfopletn
are deposited at- ground levei near the source of emission,

27. On fastor mediva sized fixed wing aircraft which are capable of spraying
al spceds of approximatuly 260kn/h wind-driven rotary atomisers have been pro-
éucod which are suitible for the production of aerosol droplets for non-residual
taotse control both with volatile and partially volatile insocticide formulations.
The asize of the units uned in recent experiments is significantly less than older
unita but, despite their smaller size, the combination of increased rotational:
speed and increased {lying speed has given better atomisation of spray droplets
) nave been obtained,

and droplet sizcs of 25-30 microns vmd/ The performance of electrically operated
rotary atomigers has not been assessed on fixed wing aircraft for tsetse control

but this is an area vhorthy of further study because these vaits mny prove

suitnble for nerosol production, provided they are sufficiently robust for
field use; the use of suitable hydraulic spray nozzles should also be studied
for nerosol production on faster aircraft,

28. Lquipment for residual applicatiors will continue to be required where
pornintent insecticiden are applied by helicopter with boom and nozzle devices
when nupplying sprays of emulsion concentrate and ciapersable powders. Equipment
for making ULV insecticide application will necessitate the use of electrically
powerad devices; \?epccially with the need to control the droplet size of the
emission and the plhccment of the sprays in specific targets, e.g, along riverine

areas and ecotones.

29. There ia a necd to continuo with research into the development of regidund.
napray application technology using fixed wing aireraft. This may be required if
an onvironmentally satisfactory residual insecticide is discovered. .In this

evont, thero would ba a noed to review the strategy of current control tachniques

olthough thia would not noceasarily roquire the development of new items of,



equipmont. Conventional boom and nozzle and rotary stomisers would be

cuitable but field techniques would have to be studied in order to apply tho

insocticides in tho most officlent mannor.
0. Further development of track guidance systems is essential to improve

reliability, acouracy nnd ease of operation in large-scale tsetse control
schemen using airoraft,
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savm TIT. RESEARGH D0 1NDATUR THR TRCINOLOGY OF TSETSE CONTRCL
7., STATUS OF TSETSZ Cunlnll USING PESTICIDES
% Control or extermination of tsetse flies by chemical means must show some

.

advintase in cost, specd ol action or in environmental impact over other methods
of conirol, c.g. total or partial bush clearing, to be an oconomic proposition.
Sufficient isolation of tusctse habitats is necessary if permanent eradication is
to be sustained since applications of insecticide do not themsclves charnge the
h:bitat. This of coursc is not neccssary if only short term reduction in tsetse
ruisbers is reauired as Jor cxample to abate a sleeping sickness epidemic but
vhere a land utilication mrogramme vhich includes a livestock component is in
aconreas and settlonceat of people is taking place, eradication of {ly is

Lutally necessary.

ok Two basic approutics, involving the use of insecticides, have been proven
as capable of eradicatin; tsetse flies. One involves a single (occasionally

repetitive) relatively heavy cdeposit, applied in a discriminative manner either
by ctound=spray tecnn or fne .2 air, and the other involves repeated low dose
. slizutions from thi ... of com-residual insecticide which kill all the adult

. ..ulation preseat ot tho ting of wiplication. The choice of method will depend
¢ & voriety of civeusaiances, including the climate of the area, its topcgraphy
2:8 the cesree o wiich the tsotse posulation may be seasonally restricted to

uoucialiscd habitats oscunying only a small proportion of the total area infested

% wasc favourablo scascns. ;

Tzaloricnl considerniiors

e Tsotse oradication opcrations having the objoctive of facilitating the
development of a balanced cind mixed rural economy will only achieve their objective
i exccuted on a subshcniial scale. This means taking the boundary of the
socrational arca to tho 1limit of the infestation or to perimeters which can easily

Lo Gosoinand, wiere the con: of the defence action is small in relation to the area

reclaimed from infestaticn and the extent of land resource freed for developzent.
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witi, current and future comauinity nceds without having to ensure that no

cnvironmental circumstances cxist in the project area which can harbour infest-

ations.

4, The attainment of tho cradication objective means that the land resources
con e exploited stricily according to their diverse capabilities and the need

v Lhe comnunity whilut rotililng sufficient in reserve for future generations,
fer an adequate forest cstate, for pastoral rangeland, for the conservation of
erodnble arcas and for tho prescrvation of wildlife. The difficulty which arises
when "sottlement! is uscd as o concept for consolidating land reclaimation against
tisetse infestation is thct the lcvel of the land exploitation necessary to reduce
infCatations o a levul wnuia they no longer cause grave repercussions on live=-
stous cun not bo attaiucl willhiont overhurd;ning the land resource, cannot be
Guoervised on the seale el uifcd and oilten does not fit im with community need
wad capability. Furstlcr, the trynancsomiacis problem will remain if an adcquate
Jeoportion of the land csousce sauains uncultivated or is allocated to various

and ossential ceracevation chjestives,

Il “auig the delint cion ol tictse infestations and land resource surveys
wie ensential precursors of tietse eradication projects. Laﬁd use surveys
incorporating current l:ié uae and land capability assessments relating to the
“.viioraent of the balunned and mixed rural economy essential to meet the needs
o wn oxpanding community with increasing living standards should vroceed and
poovide the justificaticn fcr lurgo arca tsetse eradication operations. Thay
are a fundamental component of the field research effort required prior to the

design .. exccution of cubstantial mnti-tsctse activities.

e The natural limits of the tsetse population to be attacksd should be

e
e

.- conined befere contrcl onicritions are initiated. Surveys should be undertaken
cas A
ok we

care to determine ponvlition 2imits-and maximum dispersal capubilities at

vi. most fayourable ccasons ¢f the yoar. Low densily populations require the
developmeat of now sampling tachniques (para 9).
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of thone plant con? ..tics with which a largs proportion of tho taetse prpulation

iu ossociated, ospecially at unfavourable seasons of the year ("discriminative"
phaso). Rosting sites utilised by tho fliecs, throughout the day and night, in
theno plant communitics ahould be determined ("aoloctive".phnao). Reating sites
can bo confined to a small proporiion of the overall habitat, and very restrictcd
uso of insecticide ic ponrcible under such ci;cumstnnces, espacially when applied
Ly pround-npray tooma applying the principlos of "diserimination' and "scloction®.
Findings from one oroa aro not nocossnrily applicable elcowhere within the rango
of a spacies and such studies are necessary whersver control operations are to

Lo undortaken.

d. Loss dotailed hnowluedso of tho ccology of thoe spocios to bo attacked io
nocainnry whon blankat applicationa of non-rosidual ingecticide aro to be cmployed,
In ordor to determine tin optimum numbor and interval between application it ig,
however, nocessary to know the duration of the pupal period throughout the time
when spraying is to bo conducted; particular attention should be paid to the
coolest breeding sites, wihere the period will he most prlonged. It i3 the maximua
poriod ond not the mean which ig most significant. for the sumo reason, it iu
alao nccessary to determinoe tho length of time between tho emergence of a female
fly and the production of its first larva throughout the spray poriod; perticularl;

&t the shortest period.

9. At tho concluasion of control operations, detailed surveys are again
rcquired to determine wholhor or not ercdication has been achieved. The detection
of tnctce flies at very low populeation densities is difficult and inefficient and
the devolopment of\appropriate rethods is perhaps the most pressing need in
studios of Glossina ccolesy. Now, cflicient devices for sampling tsetse pop-

ulations have beon develcypcd (104); tho poszibility of adapting these to detact

low consity populations roquires urgent investigation,

sreviercsental offects

e IZ land is to bo cpeacd up for the purposs of providing food resourcos,
then 4T muct be recosnisod thaot ¢k srrisultural aotivities therselves which will

ensue il bring aboul & fur praator environzontal chango than initial applications
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of {nsesticides for tcetso control. Murthermore, the agricultural changes will
roquiro greater anounts of mcre p.r-iatint innocticido; for crop protection than
wi11 be uced in public health. Aocccrdingly, planners of such large progrunmes
should approach the problem of c¢nvircnrontal modificatien from a rezllatic
vicw}oint. Governments which 30ok the long-tarm objective of ‘ncreased sgri-

cultural yield cannot at tha same timo eriticize too severely the short-ters

vae of insecticides for veotor control.

1. The alternativea to the use of insecticides for tsetss conirol are the
direct killing of gaxe and habitat clearance. The eavironmental effecta of these
cpurations are prodaily reuwtor than the use of the insecticidea. Althéugh genetic
control of Glossiza it a distinct feasibility, a great deal of work will have to
bs dono to determine ita oporational value. Despite recent publications on the
pos3ibilities of blological contfol of Glesnina, it is considereld to have 2 rcmote

Suruibility.

P For tuetgo control, curtain arcas of wooded savannah, fivorino forcutuy, and
fcrosto propor, including tho ccotoncs betwoea such e&ntoma, will Yo treatcd. Tho
£irst ctap would be to map or classifly the major ecosystems that will be covored
by troatment, and bascd uvpon oxinting literoture, to prbvido e preliminary lintiﬁg
asd atructure of the malor animal groups in each. From this & series of indicator
orsrnioms con Ye dorived and thoir availability azd relative aburndance in each of
thoau main ecoaystems cpproxisated and checked by spo{ surveys.  Cnce spraying
oporutionc have beon dacidol upen, and tho toxicity of the insecticide(s) solectod
detormined for major groups, i.o. mammalicn, avian, figh, etc., a sampling
procccura for the indicator cpecios population levels can be estadblishod, Thero
aro numorous adegquate procecures for detormining vertebrate population leveis

dononding on availability of manpower and the precision desired. Other major

groups to be samplod would ba non-target forest insects am well as soil orcaniszs,

ounucially Annalida and o-throncds.

1. Physical mecsauronents to deterzine the distribution and quantity of
{nsacticides upplicd by aerial sarayins in sznprle habitats should aleo de mado,

Initially, thic gliowldd s deuc in a woodod aroa at a canopy level, at inter-
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mediate tree level, on ground vegaetation, and ultimately in the soil, Again,
details can be determined for each of the habitat types.

FUTURY RESEARCH REQUIRKMENIS

14. Recent progress in the use of fixed and rotary wing aireraft and ground
equipment for insecticide applicatisns need to be exploiied in a wider variety
of situations and new insecticide formulations required field evaluation. Thus
field studies to evaluate new technicues and chemicals should be extended to
situations where treatments have been difficult or impossible in the past as in
certain riverine, moist savanna and forest zones., In some situations where
control has been successful alternative methods are desirable, as for example

when economic or environmental aspects must be taker into account.

Laboratory evaluation of new insecticides and formulations

1h, COFR is engaged 1n a continuing programme for the laboratory testing

and evaluation of carlidate insceticides for toxicity to tsetpe flies in collabora~
tion with WHO, Compu:ative toxicities of compounds supplied by industry, research
institutee, universities and other sources are determined by a standard method

of topical applicaticn of soluticns to teneral G. ausieni obtained from pupae*,

The results are published from time to time (43) and indicate the most promising
insecticides for space sprays. (iher properties such as volatility, solubility and
stability are also measured to indicate suitability of compounds for residual

activity.

16, A research prosramme on formulations of insecticides for residual activity
on vegetation 18 also currently in progress. A spray tower has bee: (onstructed
for the simulation o’ ULV conditiors; that is, the application of concentrated
solutions of 10% or more active ingredicnt at l.v volume rates and controlled
droplet size, Cbscrvations are rmade on the physical ctate of deposits on leaves,
and of the persistence of the active ingredient on leavea., The puruistence and
availability of the &ciive ingredient is measured by bioassay ani chemically by

GLC analysis.

* Supplied by Minisiry of Overseas Development and University of Bristol, Toetse
Research laloratory, Dept. of Veterinary Medicine, langford House, Langford,
Bristol, ES18 7LV, UK.



Field studies of new irnisticides and technigues

Ground applications of residual insecticides.

17. Persigtent chilorinated hydrocarbon insecticides e.g. DDT, dieldrin and
IO are in current uis for tsetse fly control. Insecticides are applied

sclectively to the kuown rosting sites of flies e.g. the trunks of treces and the

uraersides of certain branches or to leaves in the caropy, and are effective when
npplied to riverine and savanna vegetation using ground spraying machines.
Insecticides which are cnvironmentally more acceptable and less toxic to cattle
and humans would be ovalunted for use by this method. Trials with these insect-
icides ghould include cl.vldrin as a reference treatment. Details of proposed

trials are shown in /i pendix 2.

(]

Ground applicaticns of ner-residual insecticides.

18. iland carried equipzent for applying aerosols for tsetse fly control has
been used in variocus psris cf Africa, but the method has never been developed
to any extent. Equipment applying D7 as fogs has been tried but there is a
L]
1y

need to evaluate alternative less persistent insecticides applied as ULV or ag

dilute forpulations suilavle for forzing., These methods are unlikely to lead
to permanent eradication b.. there are requirements to reduce fly numbers
rapicly in emergency sleccpin sickness situations, in areas of human habitation
of of tourist interesi. It would be nccessary to study sequential applications
of insecticide if long term control was required. Applications of insecticide
srom boats would have tc be considered for access to difficult riverine arcas.

Dotails are given'in Appendix 3,

dobtery vine aireraft anriic-tions of residual innccticides

9. Persictent chlorinated hydrocarbon insecticides o0.5. DDT, dieldrin and

encosulfan have recently been shown to control tsetse flies offectively in West
Africa by discriminative tro. “ments of aerial sprays applied by helicopter to
forest islands, drainage o .acs, ccotores and stretches of river where the

vercetation ic guitable. Jiuc. acrial applications are necessarily more diffuse

tre 5 . B 14 1= adda) da cecnlunda olbavmatim inaantinidaa vhinh ara
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vavivons 1tnally safer and loas toxic to man and cottlo. It ir alno impor! nt

«d cxaming cloaaly the cconemics o2 thia method and the posaibility of uuing
¢ificront formulatiorns fer Greator efficioncy. Details are given in Appordix
4.

‘Noatary wing airerast ¢ snlientiang of non-residunl insecticides

20. Tho control c¢f %satso flics alon; large strotchos of rivers whore rround
hecess s difficult nu. always presented problems. Fixod wing aircraft do not
Lave thie manoeuvorability to follow tho course of tho riverine vegzctation and
rosidual spraying frosn the air causes greater environmental side effects. Thcré
is thacrefore a neod %o dovize a non-residual apraying technique using cnvircraente
<2 w.for imsocticides for tho rapld reduction of fly, especially in arcas

wioTo slecping sicknuss i6 opidemic., Dotails are given in Appendix 5.

Hodivm fived-vins aircoaft ownlications of non-residval insecticides

20’ Tae techniquo ol applying asrosols from fixed wing aircraft for taetse {1y

cenirol has been well tried and has been shown to be effective with a varicty

¢l insecticides dn ficld cxadcriments and in large nirapray operations but recuires
cediticnal develepmens work. Eacdosulfzn ig currently used at rates of 6-%4 c/ha_
peT treatront. Thero nmuy Yo situations whero this insecticide 4s a hazord, (e
uround rivors or 1&:6;, 256 it would bo worthwhile assessing iltarnativo insect-

iciles. Datails ars given 4n Appendix 6.



ACKNOWLEDCEMENTS

Special rocognition is due to Dr. A. B. Hadaway, Mr. C. W, Lee,
Mr. K.F.R. Maclenman, Mr. J.D. Parker, ¥r. F. Barlow, and Dr. W.R. Wooff
who provided most of the information for this report. Appreciation is
also extended to Dr. A.A, Arata, Mr. D.A.T. Baldry, Dr. J. Ford,
Mr. C.F. Hemming, Mr. T. Jones, Dr. A.N. JorE;;TQbr. G.A. Matthews,
Dr. A.R. Stiles, Dr. M. Vandekar and Mr. W.S. Watts for their advice
and assistance and to Dr. P, Firelle, Dr. J. Hamon end Dr. P.T. Haskell

for their support and encouragement. Te——

Finally, thanks are due to the staff of many tsetse fly control
organisations in Africa (in particular, Mr. C.S. Tarimo, ¥r. #.K. Cao,
Mr. R. Stjernstedt, Mr, L.D, Semckula and C. de F.E, Sousa) - and to the
chemical and spraying machinery manufacturers throughout the world whose
response to the information survey made a valuable and constructive

contribution to the report.

46 .



47.

REFERENCES

Vv 1. AKESSON, N.B. & YATES, W.E. (1974). The use of aircraft in agriculture.

v 2.

V3.

5.

Vi,

8.

9.

410,

N3,

v 14.

16,

17.

FAO Agricultural Development Paper No, 94, FAO, Rome, Italy.

ASHTON, D.R. (1974). Tsetac control in Zambia. Report presented at Tsetse Control
Seminar, Blantyre, May 19/4.

ATKINSON, P.R. (1971). A comparison of DOT w.p, and Dieldrin e.c., for Toeton Fly
’ Control in Botswana. TANS, 171 342-247.

BALDRY, D.A.T. (1971). The control of Glecasina pallidipes in East Africa by the
aerial application cf dieldrin invert emulsion sprays, CAU/STRC. ISCTR.
13th mtg., Lagos, Nigeria.

BARLOW, F., & IIADAWAY, A.B. (1952). Some factors affecting the availability of contact
insecticides. Bull, ent. Res., 43, 91-100,

BARLOW, F., HATAWAY, A.B. (1975). The insecticidal activity of some synthetic
pyrethroids agairst mosquitoes and flies., PANS, 21: 233-238.

POIVIN, G. % DE CAMP, S.T. (1975). Operational aspects of incrtial guidance in
poruce budworm control. Proceeding of 5th Agric. Aviat. Congress,
Kenilworth, Worcs., Zngland.

BURNETT, G.F. (1954). The cffect of poison bait cattle on populations of Glossina
morsitans and G, swymnertoni, Iull, ent, Res., 45, 411=421.

BURNTT, G.F. (19061). The susceptibility of tnetse fliea to topical applicitions
of insocticrder, .. Younm aduliu of Glossina morsitans Weatw. and chlorinated
hydrocarbons, Dull, ent. Reo., 52, 531-%39.

BURNETT, G.F. (1961). The susceptibility cof tsetse flics to topical applications of
insecticides, II. Young adulia of Glcssina morgitans Westw. and nrganophose
phorus compounds, pyrethrum and Sevin. Bull. ent. Res., 92, 763=768.

BURNETT, G.¥. (1952). III. The effecis of age and pregnancy on the suscoptibility of
adults of Glossina morsitans., Westw. Bull, ent. Res., 53, 337=345.

BURNETT, G.F. (1962). The susceptibility of tsetse flies to topical applications of

5 insecticidos., IV. Wild=caught adults of Glossina swyrnertoni, Aust, Bull.

ent. Reﬂ., l, 34?"35&!

BURNETT, G.F. (1962), Rescarch in East Africa on the control of tsetse flies from the
air. Agric. Aviat. 4, 79-87.

BURNETT, G.F. (1963). The susccptibility of tsetse flies to topical applicationa of
ingecticides. V. Young acdults of Glosnina morsitans Weatiw. and some substituted
N-methyl carbamatos. Bull. ent. Res., 53, T47~752.

BURNETT, G.F. (1963). The susceptibility of toetse flies to topical applications of
insecticides. VI. Data on more chlorinated hydrocarbonse and a pmoneral
discussion. Bull. ent, Res., 53, 753=761.

BURNETT, C.F. (1970). 1In: The African Trypanosomiases., MNulligan and Potts,
pp. 464=520, Allen & Unwin, London.

BURNETT, G.F., CHADWICK, P.R., MILLER, A.4.D, & BEESLEY, J,S.S. (1964). Aircraft
applications of irsecticides in East Africa. XIV = Very low volume aerosols
of dieldrin and isobenzan for the control of Glossina morsitans Westw.

Bull. ent. Res., 55, 527=539.



http:agair.st

18.

19.

20,

21,

L2,

23,

33,

34.

48.

BURNETT, G.F., ROBINSON, J., LERCUX, J.C, (1957). Comparative trials ef DDT and
dieldrin for the conirol of the riverside tsetse Clossina Ialpalis fuscipes,
£. Afr. Agric. J., 22, 142,

BURNETT, G.F., YEO, M., MILLER, A.W.D, & WHITE, J.P. (1961). Aircraft applications
of insvcticides in East Africa. XIII - An economical method for the contrel
of Glecaina moraitina Vostw. Bull. ent, Roes., 52, 305-316,

BUXTON, P.A. (195%). The natural history cf tretce flies. London School of Hyriene
and Tropical Medicine Memoir No. 10, H.K. Lewis & Co, Ltd., London,

CHADWICK, P.R., BEESLEY, J.S.S., WHITE, P.J., MATECHI, H.T. (1954). An experirent on
the eradication of G. nwyrnertoni by insecticidal treatment of its resting
ﬂlteﬂ. Bull. Ento Hcﬂ., 22’.411—4119.

CHALLIER, A. (1962). Campagme de lutte contre G. mlpalio gambiensis Vanderplank dans
le foyer de Bamako (Ré;ublique du Mali)T TSCIR Oth, mtg., Conakry 1962,
265-274.

CHALLIER, A., EYRAUD, ¥, & DEDLYANCU, B, (1964). Etuce @e 1'effot de 1'HCH nébulise
gur une perulation de 0, palralis fambiensis Vanderplank 1949 dans une galerie
forestidre (Ennknlabu, Hérublique de Hante=Volta),

IGCTR 10th mtg., Kampala 1964, 133-144,

CHALLIER, A.. LAVEISSIERE, C., HYRAUD, M., KILZCR, H., PAWLICK, 0., KRUPKE, M. (1974).
Helicopter application of irsecticidan to conirol riverine iseotse flies in the
«vot Africon gavannah, WHO/VBG/74.493. 27up.

COUTTS, H.l. (1973). Tietae fly control in Nerthera Niceraa using a helicopter for a
' residual deposit of dieldrin, Greup Rerearch Report WEGR.0048. Shell Rasecarch

Linited, Lepdon,

DAVIES, Hl. (1964). The eradicition of teotin in the Chad River 3ystexm of Northern
Niseria. J, apnl. Eeol,, 1, 387-403,

DAVIES, H. (1967). fnntse flies in Northern Nigoria., Ibndan University Press.

MVIES, H. (1971). Further eraiication of tseise 1n the Chad and Jongola River systems
in Horth-lictern Nigerian., J. apnl, Eecl., 2, 563-57%,

DAVIES, H. & BLASDALE, P, (195(). The eradicaticn of Jlossira morsitans submorsitans
Newat. anid G. tachiro:ies Westw. :n paTt of 1 river flood plain in Northern

Nigeria by rchemical meino. Part IIZ.  Bull, 2nt, Res., 51, 265-270.
Equipment for Vecirr Control. 0O nd ed. World Health Organization, Geneva, 1974,

FAIRCLOUGH, R. (1994). Insceticidal fogs 1mainst tseise flies nn ‘rains., Bull. ent,
Rea., 47, 193-196,

FARRELL, J.A.K. (1960). The arnsrol of 1 tuetse 714 (Glomum) ~rdvance b;ﬁs\ﬁ?
renidual insecticide.  UCMKH 8h, B, Jes G, Chh=20r,

FINELLE, I'. (1966), Tsetse=Cly control in ine northern zone of ‘eniral Africa
(Central African Republic, Chaé and Cameroon). Joint FAC/NHO Inter=
Reginnal Seminar on African ‘rypanciomianis, Nairobi, 1966,

FINELLE, P., TESROTOUR, J. & Y\DR2, P. (1962). Essai de lutte contre G. fusca
par mlvérisation de Dinldrin en Rémblique Centrafricaine. Rev. Elev, Mdd.
Vét. Pays Trop., 15, 247-=253.,

i P — (] '
Af e “as Ain imal 1y pacoSoriie (1S, ~
SR 0 _:“h O I -.._‘_.._ T -
é A1 ; :\r\.?h'"-':,._’}. ........ . /

v .
LA s
2| e e
(e LS
Lk AT B, o s ) .
. Ty P




35.

36.

3.

a8,

39.

a1,

d?.

43.

44.

45.

a6,

47.

48.

49.

50.

49,

FOSTER, R., WHITE, P.J., YZC, D. (1961). Aircraft applications of insecticides in
East Africa., XII - Preliminary attempts to reduce the cost of controlling
the tsetse species Glossirnn morsitans Westw., G, awynnertoni Aust. and

G. pallidipes Aust. in savannah woodland, Bull. ent. Res., 52, 293-303,

CLETHILL, J.A. (1967). MNotes on toetse and tsetse control in Zambia, Cyclostiled
report,

GLETHILL, J.A. & CAUCHEY, W. (1962). Seport on a field trial in the use of dieldrin
for the control of G, morsitans in the Zambesi valley - 1961,
ISCTR 9th mtg., Conakry 1902, 239-251,

CLOVER, P.E. (1962). A further note or the extermiration of G. palpalis in Nyanza
Province of Kenva. ISCTR 9th mtg., Conakry 1962, 253-264.

CLOVER, P.E., L& ROUX, J.G. & PARKER, D,F. (1958). The exticrmination of Clonasina
palpalis on the Kuja=Migori river systems with the use of insecticides,
ISCTR Tth mtg., Bruxelles 1958, 331=342,

GLOVER, P.b., LS FOUXK, J.G., PARKER, D,F, (1960). The extermination of Glogmina
palpalis on the Kiya-Migori river nystems with the use of insecticidog.
ISCTR Ueventh Meeting, Brushels, 1958, Publ, Comm. tech. Co-op. Afr,
No. 41, 331=342.

CRANAM, P. (1964). Destruction of birds and other wildlifc by dieldrex spraying
amainst tsetse fly in Bechuanaland, Arnoldia, 1, 1-4,

GUNN, D. et al (1948). Locust control by aircraft in Tanganyika. 153pp., CCPR,
London.

HATAWAY, A.B. (1977). Toxicity of insecticides to tascise flies, Bull. Wld. Hlth.
Org., 46, 351-162.

HADAWAY, A.B., & FARLCW, F. (1951), Studies on acqueous suspension of insecticides,
Bull. ent. hnv., 41, 603622,

HADAWAY, A.B. & BARIOW, F. (190S8). Studies on the deposition of o0il dropo. Ann.
appl. Biol. 5%5: 267-274.

HATAWAY, A.B. & TUNEH, C.R. (1975). Toxicity of insecticides to tmetsc flies.
WHO/VBC/75.510., .

HOCKING, ¥,5. (1949), Pregress feport No, 5, Colonial Insecticide Research,
Fintebbe, limania.

HOCKING, K.S. (1961), Discrimimative application of insecticide against Glossina
morsitans, Bull. ent. Res., 52, 171=-22,

HOCKING, #.S5., BURNETY, G.F. & SELL, R.C. (1954). Aircraft applications of
ingecticides :n Zast Africi, VII = An experiment against the tsetse flies,
Cleasina morsitans, Westw, and G. swynnertoni Ausi,, in the rainy eeason,
Bull. ent. ies., 45, 605612,

HOCKING, K.S., BUKNETI, G.F. & SELL, R.C. (1954). Aircraft applicationa of
insecticides 1n Bast Africa., VIII - An experiment againot the tsetne
fly, Glogsina awynnertoni Aust,, in an isolatod area of thornbunh and
thicket. Bull. ent. Res., 45, 613=622,



http:TUiCN.IH

51,
52,
53.

54.

56«

57.

58,

59.

60,

61.

62,

63,

50

HOCKING, K.G., LK, C.W., D0 SIEY, J.5.5. & YATECNT, HoT (1966). Atrcraft applications
of \nqoct;cxdnu in Eill Africa. XVI - Airnpray experiment with endosulfan ageinst
Clonmina mornitina Westw., G. pwynnerton: Aust. and G, pallidipes Aust.

Bull, ent. ion., %6, T37=T44.

HOCKING, K.S., PARR, H.C.M,., Yo¥, D. & ANSTHY, D. (1553). Aerinl applications of
inaccticides in East Africa. IV = The applicntion of covarpe aerosols in
gavannah woodland containing the tsetoe Glossina morsitans and G, swynnertoni
Bull, ent. Res., 44, ¢27-640.

HOCKING, K.S., PARR, H.C.M., YEO, D. & ROBINS, P.A. (1953). Aircraft applications
of insecticides in Eaust Afrlca. IT - An experimental attempt to produce a
fly-froe corridor through a belt of tsetse-infested wocdland, Bull. ent.
Res., 44, 601609,

HOCKING, K.S. & YEO, D. (1953). Aircraft applications of irsecticides in East Africa,
I - Preliminary exper:ments in areas supporiing populaticns of the isotse fly
(Gloanina palpalia (R.-D.). Bull. ent, Res,, 44, 589-6C0.

HOCKING, K.5., Y20, D, (1956). XI - A;plicatirrn of a coarse aercsol to control
Glona:na morgitwng, wrat. at Urarto, Tanganyika, and G, morsitans Westw. and
t. pillidipes Aust, in Lanso County, Uganda. Bull. ent. fes., 47, 631-644.

HOCKING, K.3., Ye0, D. & ANC¥Y, G.G. (1954). Aircraft applications of insecticides
i Bant Africa, VI - Anplicationn of a ceoarse aerosol containing DDT to
control the tsets2 fl:vs, Glosaina roraitang Wosiw., 3. swynnertoni Aust,
and G, pallidipes Aust. Bull. ent, Nes., £9, 585-603.

IRVING, N.S. (19¢8). The at.orption and storase of insecticide by the in utero
larva of the tpetae f!y, Glosgina nallidipns Aust. Bull. ent, Rea.,
53, 221=226.

IRVING, N.5, & BIUSLWY, J.S.o . (1959). Aireraft applications cof insecticides in
oot Afrxun, XVIl -~ ﬁx'"wr\y experiment with fenthion against Glossina

TUrS1lang WegtlW., 2: Jaranertoni Aust. and G, pallidipes Aust.,
Bull. ent. Res,, 59, 231=437.

IRVING, N.i., LED, C.W., PARZGR, J.D. & P“"SL:‘Y, J.S.5. (1968). Aircraft
applicationa of xn.e;‘xxldes in Zart Africa., XVIIT - Aitempted control
of Jlosaina oalladiper Aust, with pyrethrum in dense thicket. Bull.
ent. Hene, H9, 2030,

JOHNGTONE, DR, IUNTINIUCH, ¥,A., COULTS, fuH. ('974). Penciration of spray
droplets applied by h‘livopter inte a rivorine forest habitat of teectoe
flica in West Afriea. Acric. Aviat. 16, 7182,

KENDRICK, J,A. & ALSOP, N, ('374). Aerial spraying with endosulfan against
Slossina morsitans mortitans in the Okavango Delta aerea of Boiswana.

DA, 203 392=399,

KERNAGHAN, R.J. (1960). Som: aspecta of the inmecticidal contrcl of Glossina
tacainoides in Norihera Nigeria. ISCTR fth mig,, Jos 1960, 2852293,

KERNAGHAN, R.J., (1961). Inarcticidal control of vectors of human trypancsomiasis
in N, Nigeria. J. trop. Med. Hyg., 64, 303-30C9.


http:Ug-nd.nh
http:mornit.na

64,

66,

67,

68.

69.

70,

1.

72.

13.

v 14.

75-

76,

1.

78.

51.

KIRKBY, W.W., BLASTAL¥, P. (1960). The eradication of Glennina morsitans sub-
morsitans Newat. and Glosmina tachinoidea Weatw. in part of a river

flood plain in Northorn Nigerin by chomical means, Bull. ent, Res.,
‘)’l' . ‘),\-- (‘A .

KOKMAN, J.H., HADIOUN, .M, (1968), Report concerning a ntudy on the effects of
dieldrin spraying on small rodents in S.W. Kenya. 0.A.U.;S.T.R.C.,
Publ. No. 1€2, 257=265.

KOE¥AN, J.H., RIJFKSEN, H.D., S¥IES, M., NA'ISA, B.K. & MACLENNAN, J.R. (1971).
Faunal chapges 1n a swamp habitat in Nigeria sprayed with insecticides
to exterminate Clcssina. Netherlands J. Zool., 20 434-463.

LANGRIDCE, W.P., MUGUTU, S.P. (1968). Some observations on the destruction of
wildlife and ins octs after spraying with organochlorine pesticidea for
tsetse fly control measures. OJA/ISTRC Publication No. 102, 195-201,

LEE, C.W. (1969). Aerial applications of insecticides for tsetse fly control
in Fast Africa. Bull. Wld Hlth Org., 41, 261-268.

LEE, C,W. COUTTS, YH.H., AND PARKER, J.D. (1969). Modificaticns to micionmair
oquipment and aracasment for fine aercsol emission in tactse fly control,
Aprice Aviat 1i: 12-17,

LEE, C.W, & MILLER, A.u.D, (1966). Traals with devices for atomicing insecticides
by exhaust msen frem an aircraft engine. Agric. Aviat. Q: 17=22.

LEE, C.W., POPZ, C.G., PENDRICK, J.A., BOWLLS, G., WIGGETT, C. (1975). Acrosol
studies uaing an Aztec aircraft fitted with Micronair equipnent for
tsetse {ly control in Boiswana. COPR Misc. Rpt. Ho. 18, 9 pp.

LEROUX, J.G. & PLATT, D.C (196u,. ipplication of a dieldrin invert erulsion
by helicopter for tsetse control, OAU/ISTRC Publication No. 102, 219=229.

LYCKLAMA A NIJEHOLT, P. (1668). Persistenco of DDT and dieldrin in deposits
cn bark, when arplied in various formulations, OAU/;STRC Publication
No. 102, 237=24%».

MACL:NNAN, K.R.J. (3967). Recent advances in techniques for tsetse~fly control
(with special refercnce to Northern Nigeria). 2ull, Wld Elth Crg.,
37, 615=¢2f, »

MACLENNAN, KJJ.B., ATTHISON, P.J. (1963). Simultancous control of threo apecies
of Glessing by *ae selective application of insecticiden. Bull. eont,
Reo,, &4, 199211,

MACLENNAN, K.J.R., XIR:2Y, W.W, (195%). The eradication of Glessina morsitans
gubmorsitang Nevst, in part ¢f a river flood plain in Northern Nigeria
by chemical mears., Bull. ent. Res., 49, 123-131,

MAHOOD, A.R. (1952). Control of G. palpnlis (R=D) in the Guinea savannah zone of
N. Nigeria. ISCTR 9th. mtg., Conakry 1962, 171=-179.

MACDONALD, W.A. (195C). Insecticidal spraying against Clcssina palpalis based
on a gtudy of its nocturnal resting sites with ultra-violet light.
ISCTR 8th. mig., Jos 196C, 243-245.



http:1:12-.17

52

v 179, Ainistry of Overgeas Develop-ent, 1975. Fessiaide application ecuipment, Londen,
Centro for Overseas Poat Pesearch. A folder with 8eparates, Al-A5, BlaB3,
and C1, reprinted frca PANS, 21: 435=449,

80, PANS (1974). Notes and news. Pestic, Artic. News Summ, 20: 223,

81. PARK, P.0. (1967). The loan of a Peaticides Chemist to Zambia = Pinal report,
Cyclontyled report, M:inistry of Oversons Dovelopment, London, 33pp.,
ref. no. AMP245/132/05(2).

82. PARK, P.0., GLEDMILL, J.A., AL3OP, N,, & LEE, C.W. (1972), & large-scale schame
for the eradication of Glosaina morgitans Weyiw. in the Western Province
of Zambia by aerial ultra-low=volume applications of endosulfan,

Bull. ent, Rea., 61, 373-384.

’ 83, PARKER, J.D, (1974). Equipment for tsetse control, HHO/VBC/74.503.

Y 84. PARKER, J.N,, COLLINGS, B.G. & KAUMBURA, J.M, (1971). Preliminary tests of a
suction spray nozzle for use with aircraft spraying systems, Agric,
Aviat. 13 (1{: 24-28.

. 85. RIORIAN, K, (1966). Persistance of Dicophen, 2.P., deposits from suspensions
and esulsions on bark in the rorthern Guinea Savannah zone of Nigeria
invegtigations by chemical means ard bio-assay. ISCTR 11th mtg.,
Nairobi 1966, 133137,

a0, RIORDAN, K. (1968). Further Teasurements with the World Health Organization
@ﬁﬁ- standard test kit, of the susceptidbility to DDT and dieldrin of Glossina
- palralie (R=D) in Nigeria, OAU/ISCTR Publication No. 102, 231-236,

87. RIORMN, K, (1975). Toxicity of insecticides to three species of tmetne fly.
Wil0/VBC/75.580.

88. ROBEERTSON, A.C. (1957). Uganda Protectorate Teetse Control Dopartment, anrual
report 1956, Govt. Printer, Entetbe.

89g. ROBERTSCN, A.G. & KLUGE, E,B, (1968). The use of insecticide in arresting an
advance of Gleasina rorsitons Westwoed in the Bouth-cast lowveld of
Rhodesia, Proc. Trars. Phed, scient. Ass, 53, 17-=33.

90. ROBERTSCN, A.G., KLWGE, E,3., KEITZINGER, D.A. & DE SOUSA, A.E. (1974). The
use of residual insecticides irn recilamation of the Rhodésia-Mozambique
border regien between <he Sabi/Save and Limpopo river from Closeina
morsitans Westw. Proc. Trans. Rhod. Sci. Aes. 55, 34-62,

91. SPIELEERCER, U., ABDURRAHIM, U, (1971). Pilot trial of discrinmirnative aerial
application of persistent dieldrin depuaits to eradicate Glcssina

morsitans submoraitans in the-Anchau and Ikara forest reserves, Nigeria,
OAU/ISTRC Publication No. 105, 271-281.

92. SPIELBERGER, U. & VON SIVERS, P., (1970). Zerliner und M#inchern TierrtzlXiche
Wochenschrift, 83, Jahrgung, left 17, 338-341.

93. STEEL, W.S. & GLEDHILL, J.A. (1958). The Broken Hill - Hulurgushi Dam tsetse
eradication sghems. ISCTR Tth mtg., Bruxelles 1958, 247-267.



9.

95.

9.

100,

101,

1 C'} .

104 .

105,

106,

107.

108,

109,

53.

STEEL, W.S., GLETHILL, J.A. & NORTCK, L.B. (1958). Chingola tasetse control
scheme, ISCTR 7th. mtg., Bruxelles 1958, 291-301,

SYVMES, C.B., HADAWAY, A.B., BARLOW, F., CGALLEY, W, 219d8). Field experiments with
DDT and Benzene Hexackloride against tsetse (Clcssina palpalis).
Bull. ent. Rea. 38, 591-612,

TARINO, C.S. (1974). The control of Glossini awynnertoni Aust, with synergised
pyrethrum from the ground. Pyrethrum Post, 12, 116-118,

TARIMO, C.S., PARKER, J.D. & KAHUMBURA, J.M. (1971). Aircraft applications of
innecticides in East Africa XX - The control of Glossina swynnertoni Aust,
and G. pallidiprs Aust. in savanna woodland with a pyrethrum/DDT mixture,
Pyrothrum Post, 11, 18-20,

TARIMO, C.S., PARKZR, J.D. & KAMUMBURA, J.M. (1971). Aircraft applications of
insecticides in Zast Africa, XXI - The control of Glossina swynnertoni
Aust, and G. rallidipes Auot. in savanna woodland with pyrethrum,
Pyrethrum Post, 11, 2123,

TARRY, D.W. (1967). Ccnsrol of Glcoaina morsitans submorsitans Newst. in Norihern
Nigeria by riverine spraying with motorized sprayers. Ann. trop. Med.

THOMSON, W.E,F., OLOVER, P.E. & THU¥P, E.C., (1960). The extermination of
G. rallidires frorm an isclated area on Lake Victoria with the use of

insccticidess. ISCTR 8th mig., Jos 1960, 303-308.

TOIT, R. du (1954). Trypanoscmias:a in Zululand and the control of tsectse flies
by chemical reans. Ondarstepoort, J,. vet, Res,, 25, 317-387.

T0IT, T. c¢u and XLUGE, F.B. (1949). The application of insecticides by aircraft
for the conirol of tsetsc llien in &, Africa. Brit. Sci. News, 2, 20,
246-250,

TOURE, S.M. (1973). {utte coatre .losoina palpalis gambicnsis dans la région des

niayes du §énéml. Re. Elev, kdd. Vdt. Pays Trop., 2vu, 339-347.

VALE, G.A. (1974). Mcw field methcds fer studying the responses of toetse flies
(Diptera, Clcscinidae) to hosts. Bull, ent. Rea., 64, 199-20€.

VANTERPLANK, F.L. (1947). Experiments with DDT on various sepecies of tecetise
flies in the field and laboratory. Trans. R, Soc. trop. Med. Hyg. 40,
6031-620.

WALKER, D.A. {1973). AGRI-FIX a track guidance system for aerial application,
Agric. Aviat. 15(4): 99-104.

HITESITE, E.F. (1949). An experirent in control of tseise with DDT-treaied oxen,
Bull. ent. Res. 4C: 123-134,

WILSON, S.G. (1953). Tae control of Glousina palpalis fuancipes Newst in Kenya
Colony., Bull. ent. Res., 44, 711=728,

WOODCOCK, K.E., (1949). Peripheral vegetation epraying on Ziribanje Island,
Lake Victoria. PBureau Permanunt Interafricain de Tsetso et Trypano-
somiase No., 79, Brazzaville 11pp.


http:99-10'.1r

5‘.

110, WOOFF, W.R. (1955). The er:dication of C. rorsitans mornitena Weatw. in Ankole,
westorn Uganda by dieldrir applicatica. ISCTR-Tenth meeting, Kampala,
1964. Publ, Comm, tech, Cowop. Afr. No. 97, 157=166.

NV 111, W0 (1970) Seventeenth Repsr: of the WHO Expert Conmittee on Insecticides.
Wid. Hlth. Org. techn, Rep. Ser,, 197C No. 443,

N 112, WHO (1971) Eighteenth Report of the WHO Expert Committee on Insecticides.
Wld, Hlth. Org. techn. Rep. Ser., 1971. No. 465.



55.

. ~

!ovandix 1. Prome-mtios -7 - v ceomrounda

:vrs‘hroids

Jrocida; low solubility in paraffinic solvents but

we

Nace 161
unlilicly to be formulation problems as it can be used
oL iow concentrations; mammalian toxicity nigh and
cinilox to Sieldrin, AO rats 25-63 mg/kg; available
SunEsralogteinlss :

nermethrin (04S-9C24%, W02 93 ¢ Various licensecs; generally high solubility

so unlikely to be formulation difficulties; low mammalian

tciacity, AD rats 1300 mg/kg; available for field trials,

DA ankaasneRNhilag
AL,

pirimctaphos (C..:=3504) @ Surdomy difficult to formulate as solution concentrates;

low mammalian toxicity AO rats 1500 mg/kg; available

azazcthiphos (OMS-1325) : Cida-Geigy; difficult to formulate as solution con-
ceatrates; low mammalian toxicity, AO rats 750-1400 mg/
%y availudble Jor field trials.

Cno=-1283 (O-analoguc of Jjodlcnphes) @ Ciba-Geigy; should be no ferrulation
problems; moderatc mammalian toxicity, AO rats 375 mg/kg;
~vailcble Tor laboratory testing.

Jeathion (Cis-2) : Layer; no formulation problems; AO rats 215 mg/kg;
rcaaily cvailable.

chlorfeavinphos (CS-1320. ¢ Zhell; formulation problems unlikely; high
tananlinng toxicity, AO rats 12-56 mp/kg; readily available.

crotoxyphos (0nS-2%%) : &lell; fosmulation problems unlikely; moderate mammalian_
Lonicity, AC rats 125 mp/kg;  reacdily available.

ar.aamet (OMS-2%2) ¢ 5. wiler; formulation prodlems unlikely; moderate

neranliaa toxicity, AC rats 230-300 mg/kg; readily




‘aicrotophos

anled (OM5-75)

56 .

Shell; forrmulation problems unlikely; high mammalian
t.uicity, A rata 16=20 mg/kg; readily availaole.
Chovauvity wenld only be used as technical material for
UiV cpplications; very volatile; 1low mammalian toxicity,

AO rats 430 mg/kg; readily available.

tetrachlorvinphos (OMS=-595) : Shell; difficult to formulatelaa solution con=

bromophos (OMS-658)
jodfonphos (OMS-1211)

coissnmntion
et st s

» \ propoxur (ONS-33)

N

tendiocard (OMS-1394)

centrates; low mammalian toxicity, AO rats 2000 mg/kg;
rcadily available.

Cala-ltierck; no formulation problems; low mammalian
toxicity, AO rats 2000 mg/kg; readily available.
Ciban-Geigy; formulation problems unlikely; low mammalian

toxicity, AO rats 2000 mg/kg; readily available.

Bayer; may bte some difficulty in formulating as high
conecentration sclutions; rnroderate mammalian toxicity,

A0 rats 35-120 mg/kg; readily available.

Figons; difficult to formulate as concentrated solutions;

roderate to high mammalian toxicity, A0 rats 35-1C0

rz/xg; readily available. .

T
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tomiix 2. Grourd =nnliastisna 6° ranidunt insecticides

- Qivesine gallery forest

et os - C . v onlis, G. tachinoides

Toeativen = Nijsoria

“ieectictden - 2 suitnblo insocticides; dieldrin o6 refercrce

Anslication eeuinment - hydraulic’ enoogy equipment; motoriscd krupiacic
ristblovwers

oaen g

1 x uvntomologist 6 m/m 14,000 -

7 %X f101d officer 6 m/i 4,500

W2 X Sl voys 72 m/m 4,5C0

shavcrsticosli{2icanas SoUNENa NS Tl o0 1,000

SoeuOStIRG BTVISSS (o -doViss, drivers, equipment) 10,C00

Total 34,000
a0 man sproy touit SLontd Sowan obout 2-3 km per day. ‘Each experiment
arer ill be approximately 5 km in length. A 1 k= chemical or physical barrier
vill separate each experimantal area, wigeria is a suitable site since collabora-

tion must be sought vith operational ~round spraying teams which have beer. there

for meny years,

Costs as at June 1975,
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Anveondix 3. Ground r:=licatiorns of non=residunl insecticides

abiitat - riverine

}ain noeecies - G. palnalis, G. tachinoides

Loration ~ Nigeria

T-:acticides - 2 suitable non-persistent insecticides formulc..d

‘

in oils or as ULV

Annlication equipment - motoriscd krapsack mistblowers (modified for ULV

application), fogging machines, manual aerosol

producers
" % cntomologist 13 a/nm 4,000
1 % epplicution expert 4+ w/m 4,100
Iuawticides 500
Application eguipment (machines + accossories) 1,000
Sunporting services (:ransicr: lab. facilities, ete) 5,000
~oczl staff 9 m/m . 4,000

Total 18,600

~.Juctively a short tosm liorelc to cvuluate the efficiency of single

trentments of c..oiidala insceticides. Tnc need to collaborate with an
v, tational tsetse Iy ecnursl unit is vital and they would provide supor-
vizors, cpraymen, 1y Wil wiC. aAnzsoximately 2 km of riverine thicket will

X0 Sty daerd! BRI e S

Costs at June 1975,
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Rotory wine aircraft aprlications of resicdual insecticides

anitat - riverine
S LS,
\Miain spacies - G. nalnalis, G. tachinoides

\

Qe ben - CC? zrca (Novemter-April e.g. the dry season)
e
Aatinddng - 2 suitaole insecticides, dieldrin as refercace
LAt S

— -

-

famtion conipment - Bell 47 Gb or 206A fitted with rotary atomicers

e [
Dalalet ,J
——

1 x entomologist 4 .m/u 9,400
1 x application specizlist, 1% m/m 4,000
insecticices 3,600
1 x fiold officer b 1./u 3,000
r. iy woys U8 m/m 3,000
Supporting scrvices 12 ~3/n 11,050
(1
tulacopter 65 hours (& 21,200 per hour) 78,000
Total 112,050
n.a CCP area is su-jzestod dccausc of the availability of facilities, staff

wid equipneat. ApzErox. 90 um o »iverine habitat must be sprayed per treat-

ssmi. Using 20m swatins = 20 na ser treatment. 3 insecticides at 4 rates of

croiication = 12 treatisnis = 240 ha at 1 kg/ha = 240 kg required at 810/kg =

Jaus + 50 allowance Iof =suouidle eproying of both gides of the river = $3600.

Co.tt s at June 1975.

59«
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Aene alin B. Rotapy win: aireralft sonlicationa of non-renidual inuecticiden

Habitat - riverine gallery forocts

Main spacies b G. ralralis, G. tachinoides

Looation - Ylout Africa

Insecticides - endéosulfan and 1 alternative non-persistent
insecticide

Annlication equinment - Boli 47CL or 206 helicopter fitted with electrically
powerad rotary atomisers 4

hihy 8

Cutomologint 2 m/m 5,200

Loalication expext i W/ 2,500

9 ficld officer 2 a/a 1,500

12 fly boys 2k m/m 1,500

o, juoving sexvices 1 LR/m 5,950

Guner coots | 2,000

I.. cciicides 500

iietaceter (65 cwits @ £1,2C0 par nour) 78,000

Total 97,150

‘a.ulfan to bo used in oreliminary trials to estublish viability of technigue.
iaucox. 5 km of river to de treated in each trial. This technique is only to
coanicered in emerpency situwnticns because repeated applications by helicopter

v veonomically pronitiiive.

Costs as at June 1975.
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Avnendix 6,  Medirs fivod wire airerafs annlications of non-residual insectic:dns

Jifhatint - cavanna woodland

Main nnecies - e T, tarsitana

Jacation - Socsvana (Ckavango arca)

Siieaticydes - 2 suit.ble non-persistent insecticides, eoni- .:ifan
a5 reference

A=l .cation eauinmen’ - Yedium twin-engined fixed wing aircraft fitted
witk rotary atomisers

B} A

i x ontoiologist & .G 7,750

alheiznnlicaziont exinhtiatas 5,650

3 R 7,000
Bl neFe) ainy IR 4Rl & it %,400
SShsetts Q) Mmoo dhad modic 3,000

Zntomological asculzmanel

o wiold officer ; 2,000
% sistant field ollicon . 1,300
42 1: boys ; 1,500
Laaa-iovers 6 LR/ 5,100

airerzft (50 hours flying w 4500 per hour) 25,0C0

Total 61,700

oo o0 treatment bleci woull Uz at leost 4 kmox 4 km = 16 kmz. Tsetse fly

., 'o-sations would be noniios.l pre= wnd post-treatmernt.
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