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a result, given the successful conclusion of the
 

Sterile Male Insect Release Method, future tsetse
 

fly eradication projects may be undertaken with a
 

40 to 50% less dependence upon insecticide
 

applications.
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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 Rc!ease Method
 
(SIRM) that is currently being conducted in Tanga, Tanzania. The Project 
Is jointly sponsored by U.S. AID and the United Republic of Tanzania. 

The Rules and Regulations of Amendment 216 provide for exemption
 
from environmental 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 nat 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
 
foreseeable environmental eftects of the SIFM 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 benefit-,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.
 

I 

The Tanzania-AID 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. It 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
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assess the type and levels of pesticlde and
 on the environment; (3) 

herbicide nppitxltion; (4) anticipate the effect of the treatment
 

assess direct social and economic Implicntions
upon the ecosw-tem; (5) 
of the SIRM!on animal and human populations; and (6) assess how an
 

understanding of the basic science of tsetse fly eradication can
 

contribute to ecosystems management. The information thui 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 Mkwala Ranch, the Department of Zoology
 

at the Universitv of Dar es Salaam, and the Ministry of Agriculture
 

in Tanzania for their cooperation.
 

A. PROJECT RATIONALE
 

Tsetse fly infestation in Africa is 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 million square km. in
 

Afri-a. There are several types of trypanoso=es, but the major ones
 

cause Nagana in cattle, and sleeping sickness in humans.
 

With regard to Africa, the Vorld Food Conference in Rome in
 

1974 declared that "trypanosomiasis and tsetse fly control must be
 

the first phase of an integrated plan of eccnonic development."
 

The declaration was given uroencv in the United Nations study on
 

the Future of the World Econonv (1976). The Report argued that "the
 

major thrust of food supply in the develovin regions will have to
 

come from an increase in their own agricultural output but even after
 

mobilizing available excess arable land resources, the land productivity
 

(including crop yields and cattle productivitv) 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 60% 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 which the flies depend
 

for shelter, killing of indigenous wildlife on which the flies depend
 

for food and, more recently, use of insecticides and herbicides.
 

(J. Ford, 1976), "in Africa as a whole, one estimates that,
According to 

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 reinfestatlon
 
With an increasing population requiring
of formerly fly free land". 


;tipplies the tire entvironmentAlints reincreased food at simt, that 

forcefully m:illklg the caie for the preservation of natural econvntem-., 

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 SIRN 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 in.
 

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 Tn.,ia Project is to determine the efficacy
 

of using sterile males for tsetse fly population control in an area
 

protected from reinfestatlon. The questions to be resolved are
 

whether a sufficient numb, r 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. PROJECT FACTLITIES A'rD T1E TEST SITE
 

The fly rearin laboratory for the Tsetse Research Project is
 

located 3 km. west nf Tanga, Tanzania. The facilities consist of a
 

rearing station, liboratories, and headquarters for the administrative
 

staff. Construction began in June 1972, and the third insectary was
 

In addition to the three insectaries, there
completed ,larlv in 1977 

are associated animal sheds, anial quarantine buildings, and an
 

irradiation complex. 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 husbandry,
 

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 Tsetse0 Research Project, is
 

located 100 km south of Tanga, Tanzania (38 41.5'E, 50 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 mosaic varying 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 trypanosomiasis 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
 
(isometamidium) to prevent trypanosomiasis 3nd in addition they are
 
dipped weekly in toxaphene 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. m. morsitans, which was not detected earlier,
 
has become a dominant tsetse species. Past experiments with insecticides
 
and partial barrier clearing have failed; the only new element to be
 
introduced into 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 o G. m. morsitans. The second phase is to expand the colony io
 
as to produce sufficient 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 km. 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 900 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 emergence) 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 contftune for 16 to 20 mouths. The cffectiveness (if the tretmeint 
will be monitored by routinely assessing the fertility and population 
density of the target species, G. m. morsitans, and the density of 
C. 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 co=pleted by the end of FY 1979.
 

II. THE EXISTING ECOSYTE.M
 

A. THE MKWAJA RANC1.
 

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 cornunitv, 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 ecosystem are energy, water, essential minerals, and
 

atmospheric gases. 7xamples of the living components are forage and
 

food producing plants, food producing animals, organisms which aid in
 

cminant species which create the general character
recycling, and the 

of a landscape. It is necessary that all these materials and processes
 

be compatible if an ecosystem is to approach its proper rate of
 

productivity. Renoval, stress, or ill health of the important partici

pants can reduce production of materials or cause the natural resources
 
present to diminish.
 

At the M-waja Ranch, the elevation, topography and soils vary and
 

these differences re)resent distinctive ecosystems. The past and present
 

land use has deterined the natural communities as they are described in
 

this report. The general setting for the regional environment has been
 

ably presented in .hu' Natural Resources of East Africa (Russell 1962).
 

Another important rezerence is the Atlas of Taneanvika (1956). Specific
 

source material will be cited in developing the discussion of separate
 

environmental eleents.
 

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 treatment 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 field 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 is representative of many other areas where farming cannot be
 
productlvelv undertaken, but where livestock operations could he 
maintained. 
The MWaja ranch manager described the major constraints 
to improve livestock productivity as, first, the tsetse fly, 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 settlements 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 settlement services are provided by the ranch. 
The
 
first ranch school was opened 18 months ago by a teacher provided by

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 management embarked upon a massive reading program

for adults. 
 Every worker who could read was excused from work two
 
afternoons a week to engage in teaching. 
This effort lasted for about
 
a 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 atypical. 
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 irregular square

between the Indian Ocean on the east and the East African Railway on

the west going north from Da:i 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 nearby

villages are occupied by member of the Zigua tribe. 
 About 5 km to the
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northeast of the ranch begin the extensive 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
 

some 	70 km distant. Elevation on the site varies from mean sea level
 

the mouth of the Msangazi River, containing brackish tide water,
near 

to high points of about 100 m on the central east-west ridge that trans

verses the ranch; approximately half of the ranch area lies below a 65 m 

contour. The Msangazi River flood plain which courses through the 
in elevation. The lower
northern part of the ranch does not exceed 40 n 

oceanside portion is a slightly raised, level plain that does not exceed 

50 m above the mean sea level. This nor-south strip occupies the eastern 

25% of the ranch. 

Climate: This tropical region is characterized as having high
 
and mean annual temperature
humidity, an annual rainfall of 800 to 1200 mn, 


ranging between 240 and 32
0C. From the requirements 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
 

climate of semi-arid conditions at times. Rainfall patterns at the ranch
 

The 21-year average annual precipitation is
 are typically bimodal. 

1,008 mm; however, rainfall is erratic as in many,7places throughout East
 

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

low rainfall.
 

Averages for the 21-year record period as well as for the moist
 

and dry segments are given in Appendix A. When 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
 

The first 5 km inland from the coast contains underlaying
(Atlas 1956). 

of Quarternary alluvium; the next 10 km band contains Quarternary sediments.
 

Deeper marine sandstones and limestones date back to the Jurassic period.
 

The east central uplands of the ranch are suspected to have been caused
 

from a raised Plaistocene reef. Upland soils consist mainly of gray and
 

red orange loamy sands; flood plain alluvium found along the Msangazi
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tver colls 1 graV dark grav "I,lack eot t tol" 1o IlI . II I r of,t-1 s t o 

the en:ste'n roast a plain are loosely consol idate(l and form shallow 
village.sandy draInageways coursing south and eastward toward Mkwaja 

a depth of about 25 cm. This
The greyish cast is a humic layer to 

on
humic layer is also present throughout most of the uplands except 


steeper slopes. Below this depth is a red-orange sandy loam. Bleached
 

in areas of recent erosion and on steeper
greyish brown sands, occur 


slopes. Finer, light-colored sandy clay !oams of the Msangazi flood
 

plain and along lower portions of the alluvial flats show heavy con-


Along the south eastern upland,
traction cracks in rain pond relief. 


soils grade from rather well consolidated grey-brown surface sands
 

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

Where the central uplands break toward the
in the southeastern corner. 


Msangazi River to the north and west, grey sands again become higher in
 

color; this reflects more rapid geological erosion from the steeper
 
at or near the
slopes. Isolated outcropping of coral rag can be found 


surface throughout the southern parts of the ranch.
 

Water: For several months following good rains, the Msangazi
 

River maintains a continuous course across the ranch. Other larger
 

drainages such as the Chogera tributary, which drains the northlestern
 

the southeast corner also flow
extension and a few rivulets in 

Large
following the November-December and March-April rainy periods. 


for cattle and game. There are
earthen dams provide year round water 


40 are presently functional which is unusual considering the
65 dams; 

During the dry season only the largest dams
loose sandy soil texture. 


retain water and frequently water is hauled from a distance of up to
 

32 kin. 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
 

At the present time a borehole is under construction
borehole attempts. 

The prospects for this 41 m
 on which an accurate log is being kept. 


well appear to be favorable and will provide hydrological information
 

of this little surveyed region south of the Pangani River.
 

Atmosphere: Atmospheric conditions, apart from the climate,
 

air movement patterns and particulate suspensions, both
consist of 

natural and man-made. As to the latter, except for somewhat excessive
 

daily cattle trailing to and from the corrals (bomas) and the necessary
 

are produced which
administrative vehicular travel, no man-made agents 


Natural agents consist of wildlife induced carbon
 escape into the air. 


particles and associated oxides from burning herbaceous and woody 
materials.
 

are usually caused by man but on a sufficiently
The uncontrolled fires 


routine basis to be considered a normal or "natural" 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 dimigishing to near calm between 2200 hours and daybreak.
 
Mid-day extremes might approach 25 to 35 km per hr), while normal move
ment is 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 situations
 
are aggravated by the excessive removal of ground cover caused by cattle,
 
trailing, grazing and fire.
 

2. Living Comonents of the Environment
 

The topical subhumid coastal climate produced by the equatorial
 
latitude and coastal geography has furnished a diverse ecosystem of
 
plants and aninals. Most of East Africa is geologically old, with plant
 
and animal evolution and speciation having proceeded uninterrupted
 
relative to the gLneral situation in the temperate zones. In spite of
 
more recent geological 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 volume 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 of the nutrient capital of the basic
 
soil productivity.
 

These vegetational changes have altered the composition of the
 
dependent animal coznunities. 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 Field lnventory Procedres: During the six day survey 
period, t he r ge ologi ;t logged all large animal species ob:,rved 
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
 

daytime 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 addition,
 

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 40% of the species known to reside
 
for at least part of the year on the ranch.
 

Animals 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 ,inple approach to identification and 
classification of East African coastal vegetation ends. Although 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 of 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 detaied 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 familir 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.
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1. 	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 rivezine 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. The-e 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 simply designed and,except for the importation of scientific
 
instruments,have been built with local materials. Th 
 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 maintaned 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.
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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. Thle 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 fle:ible 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 relationship 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. 

III. 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 were 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
 



- 14 

analysis of the impact of the control techniques themselves. Infor

mation is simply not available as to how the present population ;, often
 

already 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
 

of confidence and has indicated the limitations in the
high degr_ 

analysis.
 

The estimated environmental effects of specific projects
 

activities art summarized below. Each aspect of the tsetse fly pro

gram at the Ilkwaja Ranch and the Tanga Rearing Laboratory has received
 

a separate evaluation.
 



- 15 -

B. EXPLANATION AND SUDIATION 

1. Barrier Clearing: The Mlkiaja Ranch management had cleared a
 

one km wide barrier of trees and shrubs around much of the ranch in 

order to reduce the migration of tsetse flies from the surrounding 

The Tanga project is presently engaged in completing the
areas. 
barrier. Clearing operations will be limited to the barrier zone.
 

In previously cleared sections, the barrier has become open grassland,
 

and it is anticipated that the entire barrier zone of 65 square km will
 

be covered oy 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 operation, the herbicide Tordon 155 will 1'e applied 

herbicide will be hand-applied by
to control vegetation regrowth. The 


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 localizc;i environ

ment.
 

The effect of the clearing operatiovs 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 Edpes of
 

the Barrier: Tae I km barrier clearing will not be widc enough to
 

prevent all tsetse flies from immigrating into the ranch. Therefore,
 

the barrier will be reinforced by the application of TDT to vegetation
 

outside the perimeter of the barrier. Applications of 5% DDT will be
 

tree trunks greater tian 25 cm.diameter
made to the lower 3 meters of 

kill resting flies
and on the undersides of lower branches in order to 


flies into the ranch area. One application will
and prevent movenent of 


be bi monthly throughout the duration 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 lbs) per acre
 

the ranch as a wholt, and 90 grams per hectare (0.08 lbs. per
annually) over 

Some short-term contamination of surface
 acre annually) in barrier zone. 


water limited to the Msangazi River will occur and limited DDT may
 
Since the
accumulate in certain nontarget organisms and in the soil. 


area 
to be treated with DDT is relatively small, the effect on nontarget
 

Invertebrates, bird and mammals ll be minimal.
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4. Three Aerial Applications 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 males. 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 tho treated areas. Each treatment will utilize 30 
grams./lia. of active ingredient, totalling about 600 kg of insecticide 
or 90 grams per hectare each (0.0825 lb per acre total for 3 applications). 
Five or six such applications at two to threeweek intervals are routinely 
used to eradicate 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 -lkwaja 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
 
insecticides. The use of sterile males following two to chree applica
tions will reduce the insecticide application by 40 to 50 percent.
 

5. Release of Sterile Male Tsetse Flies: As the sumary table 
shows, the release of the sterile males would not affect any of the 
environmental factors. It should be emphasized that the flies are not 
radioactive, but tl-ey do have the capacity of transmitting disease as 
vectors of trypanoso7iasis. The release of the sterile males at the 
rate of 3 to 6 per day per square kin, following the reduction of the 
natural population by aerial 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 not be accompanied by an increase
 
in population of other Glossinas species since they are habitat-specific
 
and not interdependent.
 

6. Rearing of Flies an? Host Amimal 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-Economic Consideration: 
 An analysis of the operational

and economic ftasihility of the rearing laboratory at Tanga will he

possible only Uplon th, completion of t he field trials in earlv 1Q79.
Similarlv, a u;seIu' co,;t/berfit a ;esr-vnent of tset se fly control

could not be made on the Kwaja ranching operation, nor could tile

possible application of the economic feasibility of the SIR 
be
 
definitively assessed. 
 Only gross indicators of costs, benefits and
 
returns were available. The !'fwaja 
 Ranch could not cperate without
 
a careful and expensive regime of prophylactics and .:urative drugs or
 
tsetse fly eradication maintained by intensive and continuous insecticide
 
applications. 
 Only four of the past twelve years have been profitable

reflecting the substantial capital development costs, itcluding 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 
parr of an integrated tsetse fly eradication program,

it will be possible to compare the 
.kwaja Ranch with other ranching

operations in Tan-ania and uith 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 ThWaja Ranch and therefore could not directly

assign observable benefits to specific operations. Nevertheless, based
 
on observations and discussions with the ranch mranager, 
the following

indicators emerge!: (1) a profitable livestock operation is not possible

when the tsetse 
f'y exists in terms of present state of knowledge of

therapeutic and curative treatments: (2) tsetse fly eradication requires
a large initial capital investment and continuing high cost maintenance;

and (3) ranching operations in the semi-arid regions of eastern Tanzania 
must be well planned and well managed with respect to the carrying

capacity of the land and the available water resources.
 

IV. APPLICABILITY OF THE ASSESSKFNT 

A. THE STERILE MALE INSECT =HOD (SIR.!) 

The elements of the Tsetse Research Project which are relevant to

existing or future tsetse fly eradication Drojects may be summarized as

follows: Tsetse fly eradication schemes require extensive planning and

careful cocrdination of each phase of the operation. 
Of major significance

is the fact that fly populations become undetectable well before tf*:v 
are

actually eradicated. Due to the low reproductive capacity and the I.,w

rate of increase of natural fly populations, many generations may elapse

before incipient populations are detccted 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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wide variety of
 
The Project's research activities involve 

a 


specific information accrual perhaps 
more so than other types of
 

This is due to the fact that livestock 
are used
 

control research. 

the density of natural insect populations 

of the same
 
to regulate at 

not only on fly productionarespecies. Thus, original data required 
but also on

effects and handlinv. methods,
requirements, -.terili-ation flies, e.g.of the wildcharacteristicsa wide spectrutim of population 

etc. These datavariation,
density, longevity, ,ispersal, seasonal 

In
 
are necessary to make optimum use of 

the released insects. 


addition, integration of the sterile 
insects with conventional methods
 

can be useful
 
will provide new perspectives on population 

dynamics that 


Thus, all aspects of the biology, ecology, 
and
 

in other programs. 

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
 

These significant
artificially created barriers. 
supplement natural or 


facets of control technology vill have a major bearing 
on most other
 

The advances made on rearing and sterilization
 eradication projects. 

research will directly expand the capabilities 

of African scientists
 

to conduct tsetse fly research and 
related studies on disease transmission.
 

Field studies with laboratory reared 
flies will greatly enhance the
 

ecological and biological information currently 
available.
 

Conclusive proof that the sterile male technique is effective 
will
 

futher
 
make available another tsetse fly eradication 

technique for 


Mass rearing of other species of tsetse flies
 
practical development. 


the rearing laboratory, will be
 
as developed for G. n. moristans at 


related studies on artifical
 as well as
applicable to other species, 
 An increased
 
rearing techniques being supported by 

Project funding. 


capability in rearing other species will increase 
the flexibility
 

advantageous in areas with more than
 of the technique by making its use 

the sterile male
The integration of 
one important vector species. 


releases with control programs that right otherwise be only partially
 

effective may result in effective and 
efficient eradicaiion of
 

The costs
 
species that would not have been attempted,
target 


of using the sterile male technique in 
this research program may provide
 

eradication
 
useful information for predicting the 

costs for integrated 


Thus, any contemplated new eradication
 schemes in other suitable areas. 


scheme should consider incorporation 
of sterility techniques in the
 

savings and/or
because of the potential economic 

planning stages 
the total area of land cleared with a fixed amount of
 increases in 

example, in addition to existing tsetse 
fly control
 

capital. For 

projects, consideration is being given 

to field operational programs
 

1. The island of Zanzibar; 2. The
 at four locations in Tanzania. 

3. Mafia Island east of Dar es Salaam; 4. 

che Handini
 
West Lake area; 
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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, (IAEA
 
Report,- 1972). 

1. Advantapes of the Sterile Malf. Insect Method: The principal
 
advantage of the IRM 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
 
becomes 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 per application remains fixed.
 

In areas where the SIRM can be utilized alone, this technique avoids
 
contamination of the environment and selectively attacks one Clessina 
species, resulting, in a minimum distriburbance of the environ:'ent and 
other insects. Even if 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 majoritv of other Diptera, Clossina snecies have an vxtremely 
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 
species is theoretically better with sterile insect release method than 
with insecticides. The sterility method could be utilized as the final 
phase of an integrated program. Release of sterile males in low numbers
 
can prevent reestablishment of the species. This technique may be
 
cheaper and more effective than maintaining constant surveillance. In
 
areas, where two Glossina species coexist, the elimination of one species
 
by the SIRM is not expected to result in a sudden increase in numbers of
 
the second 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 insecticide 
is not likely to significantly
 

an
contaminate the environment 
or damage the fauna except 

where rare endemic
 

areas where the SIRM does not represent 
Even in 
insects are present. 


economical gain over other 
tsetse suppression techniques, 

it may be the
 

where disadvantages of 
chemical or other control 

methods
 

of choicemethod 
must be avoided.
 

The method is not practical 
nor is
 

2. Disadvantages of the SIP'I: Prior
 

designed to be used alone 
against high natural populations. 
When usedit means is a prerequisite.or otherwith chemicals reducereduction does not immediatelyinsecticides,

alone this method, unlike 

the insect population 
enough to rapidly interrupt disease 

transmission.
 

Release of large numbers 
of sterile flies in an 

area where trypanosomiasis
 
For this
 

is endemic could temporarily 
increase the transmission 

rate. 


trans

trypanosomiasis is endemic and where immediate 
interruption of 


mission is required.
 

reason, the method should 
not be used alone in areas 

where human
 

FLY ERADICATIONTO TSETSEAPPROACHESAND INTEGRATEDB. SEPARATE 

Before chemical insecticides 
were developed, the two 

most commonly
 

practiced reth-d-. for 
controlling tsetse flies 

involved clearing woody
 
gameand eradicatingfor shelterflies deendwhich thevegetation on These methods are rarely

for food. 
on which dependthey arounda1nt1,1:11s to clear a barrierof the needbut becauseat present; in thepract iced is includedclearingof vegetationRanch, the methodthe .waja techniques.fly eradicationof tsetsedescriptionfollowing 

Sheer clearing, involviig 
the destruction
 

Clearing of Vegetation.
1. eradicating Glossina.
 
an effective means of 


of all trees and shrubs, is 

even when carried out by 
mechanical methods (Glover 

et al,
 

It is costly, 
now rarely employed except 

to establish barriers,
 

1959; Wooff, 1967) and is 
to prevent the reinvasion 

of 

often in conjunction with 
insecticides, 


The technique has been 
employed over wide
 

tsetse flies. 
areas freed of 
 the morsitans group and 
linearly
 

areas of country against 
species of In some
 

against riverine and lacustrine 
species of the palpalis 

group. 


grass

trees and shrubs often 

causes 


in sanannah regions, removal 
of all


circumstances soil erosion can result, 
but there is much evidence 

that
 

improve pasture (Ford, Nash and Welch, 
in
 

growth to increase and 
to 


Mulligan, 1970). Discriminative or partial 
clearing involves the removal
 

only those elements of 
vegetation essential for 

the survival ofpalpalis

of It has been extensively practiced 

against riverine G. 
Glos:sina. G.G. morsitans, 

and G. tachinoides in West 

Africa (Nash 1969) and 


in East Africa.
pallidipes_wynnertoni and G. 
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21. Game Destricution. Slaughter of game animales as a method of
 
tsetse cont rol ha:i 
 Ieen iwidelv practiced in the past in lganda and Rhudesia. 
Even when r,,fin,.d 1y removing only th, favored host s5iveC'es (Co 'kbill
 
et III, 19b,"), i1't- mtthod i' unacccept.ible today.
 

3. _nsv t -c i do!,-. Treatment of t set sc-Infest ed ,ones wIth insecti
cities is furetle mostl\ 
 common method of eradicat io. insecticides 
are npplived as per"i: e't deposits of such co'-pounds as DD)T, dieldrin,
 
or endos'i.fan (either from the ground 
or from helicopters), or as
 
sequential 
 applicttons of formulation'of either dieldrin or endosulfan 
of ultra low volume from fixed 
- winged aircraft.
 

4. Toxicology. The Acute Oral/Dermal (LD50 in Rats) and the Acute
 
24 hour (LC5 0 in Fish) of 4 Pesticide/Herbicides is given below in Mg./Kgm.
 

Endosulfan 
 DDT Dieldrin 214- 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 dipe,.,it s of limr,;sstent pest icide can be appl ied discrini n: 0velyt 
from the g:'out a:; a s~ iJ'e trcatr:ent to the. r ;.7ting sitc' of the f.v. 
The;,e por'i,'tc n t G('pO:;jiLS remain effcctive for :Levcral moilt~h, , and th r,
fore a single application even kills 
the flies :hich cmerge from pupria

in the so!l during the weeks 
 follo'.-ing the application. This method is
 
particularly applicable 
 against species of GlcssiT-n with linear distri
butions and has been widely practiced against C. tiu5cir 's in 
East Africa 
(Glover et PI!, 1.960). The method is less practicable .,:2in.t those species,
such is C. mor.nitnns, uwhMich oftcn occur t],rou,:.ou xide tracts of country.

Such species c'n be attacked, hovavet , w.:hen t "heiriIS i e
stricted during; periods of cliratic stress (Davies 1971). The rost 
conunoily Lcoeyed insecticides ir ground-sprav cayepaigns have been DDT 
and dieldrin. 

Presistent depot-its 
can also be applied by helicopter. Applications
 
can be restricted to certain habitats h.ut are less discriminal-ve 11ithli,
thoe hahI t,'tS L!n are applications from the ground. E'xternsive succesS
ful Joi,,, pr Gpcratr11itans, h.Lve been perfored ini.irily against G . 
Nigeri a. Die)dri cmIIlsion has be,!n Lhe most wiely used in.';e':ticid.,

but. trilis have also been condu:ted with erdosulfan (Spiel!;cri:er and 
Abduratim, 1972; Spielberger et al, personal cc:-.:r;uncation). 

Observation made 
on the side effects of insecticides used in various
 
tsetse control schemes indicate that applications ef persistent deposits
 
leave heavy local residues (Park ct 
al, 3972, cites initial dcposit of

1-10 g active ingredient m2) that also affect other organisms, eaoecially

when applied over large areas. 
Koeman and his colleagues have studied
 

http:t],rou,:.ou
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these side effects for many years. Koeman and Takken (1976) showed that
 

even a single application of residual dieldrin or endosulfan caused 

mortality in many nontarget species. Felicopter 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 rmaal populations also 

markedly decreased in si'e (examples are Tantalus monkeys after application
 

of dieldrin, and fruit bats after aerial residual application of endosulfan).
 

Appreciable mortality occurred among fish, amphibians, lizards and snakes.
 

In general, groundsprays are more discriminative and are therefore 

less likely to cause irreversible damage than are helicopter applications. 

found to cause more damage to cold blooded vertebratesEndosulfan was 
than dieldrin; warm blooded species reacted conversely. In areas treated 

once, many of the affected species repopulated the treated areas a year 

or so later by migrating from the nearest untreated populated habitat, 

provided the areas reclaimed from tsetse had not been altered drastically 

and the habitat remained suitable. Residues of dieldrin and DDT observed
 
areas sprayed
In fish, fish-eating birds, and other organisms collected in 


one or two years previously have generally been low (unpublished VHO/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 develonment of methods for the sequential
 

of nonresidual ultra low volume formulations of dieldrin
application 

been by (1969) Burnett Mulligan,
and endosulfan has reviewed Lee and (in 

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 a! (1972) used 30 grn 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 applications, preliminary results with se
quential application suggest that there are unlikely to be any imnediate
 
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 ]utt]e evidence of direct mortality after one application at 
12 gm a.i./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 residees.
 

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 categorized and then effects on tsetse populations must be quantified 
before they can be used as control agents. Research is proceeding on 
other chc.mical control techniques. At a number of laboratories in the 
United States and Europe, research projects are underw v to characterize 
the effects of Juvenile hormones (Denlinger, 1975) ecdysones (hliitehead, 
1976) and diuretic hormones (Gee, 1975), but the formulation of a 
hormonal insecticide for use against Glossina is only a distant prospect.
 
Such insecticides 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),
 
suggesting 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 sciences and soil moisture management could expand these estimates.
 

Therefore, this tsetse fly belt looms importantly in the goal of in

creasing the food production of Africa - and, in fact, of the world.
 
com-
Yet, while the area is potentially productive, its development is 


plicated by many problems: poor soils, inadequate water, disease, and
 

perhaps in some ca;es maladaptive social features of the human populations 

may at times be comparable to the tsetse fly in their negative effects. 

Moreover, 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
 

diseases endemic in the tsetse fly belt of Africa.
 

The mapping of soils by classes and capacity for supporting
 

agriculture or livestock production have been limited in Africa.
 

Techniques are being refined which can help, although progress will
 

depend upon building indigenous capabilities for soil classification 

and analysis in each nation. Soil classification is necessary since
 

any development strategy 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 must be made economically viable
 

and consistent with national goals on size, employment, 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 program
 

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 fly eradication must be integrated with rural development 
and land u-ze, cormplete success has .. ,'ldom been achieved. The Mkwaja 
Ranch provides; an opportunity to experiment with new tsetse fly 
eradication 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 vith livestock and resource management.
 
However, the production outputs of the ..waja ranch 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 year. The death loss due to trypanosomiasis
 
is low but the effective chemotherapeutic regime requires a substantial
 
investment. Even in this relatively well managed case, the data ;how
 
that commercial ranching in the semi-arid coastal region of Tanzania is
 
still at best marginally profitable. These observations reinforce the
 
need to precede major tsetse fly eradication eforts with investigations
 
on land carrying capacity, water availability, 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 .odifications will occur and must be 
weighed against the benefits, short term and long term, of increased
 
food production and employnent. It is inevitable that man and his
 
domestic animal will replace wildlife on many areas and that the large
 
game animals will be reduced in nub--er. 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 grazing and development schemes, many initiated during the 
colonial period. Much effort and capital have been spent to superimpose 
western technologies of animal husbandry and range management on pastoral 
subsistence economies. Those attempts have often failed because they 
were not combined with a parallel effort to improve the socio-economic 
environment of the local people. These past failures dramatize the 
importance of involving the local co.unities in the initial stages of 
development programs. Proposed changes must be carefully evaluated 
from the perspective of the local Dopulations, and must be supported by 
thorough analyses of human needs and capabilities. In analyzing the 
effectiveness of the water development and grazing schemes in Masai 
areas, Z. 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 encroachment of agriculturists upon the better 
lands formerly available to them caused the Masai to depend for their
 
survival on larger and larger herds. The 'rauma of the often repeated
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expel'vin"ce of dti. a.itsr 111d AtalvatliOn... Mnd tht, d,,vllOpme1it of watler 
points and l not things madedsest controls have improved but them 
worse. 

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 experiences 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
 

foreign experts should be primarily to determine the probable affect
 
of the various eracication options, and the range of uncertainties
 
regarding the consequences. International and national aid agencies
 

then must leave to the host country in light of its owm political and
 

development strategies, the interpretation 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 tsetse fly, such as the FAO program, will in the end be weighed 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. in. 
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 conditions and requirements o 
the experiment.
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An as'sssm'nt was made of the ;;oci o-e conomic Impact of tili, re;;ea r'h 
Projct't tpoll tilet', h vI'V11'011rtIlt ,1nd the rearins, llboratorv eunvi ronment 
in TangaI. Other than the important component of training and the 
demonstration of the role of science in helping man shape his environment 
to his needs, 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 irznigration is being completed with 
project funding. The replacement of the natural habitat with grassland 
in th' 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 tree stump-, in 
the barrier zone. Since the applications will be restricted and will 
be applied manually with brushes, the minimal effects will occur only 
in the barrier zone. 

In order to reinforce the barrier and protect the test area from
 
any fly immigration, DDT will be applied bimonthly to a 300 m strip 
along the perineter 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 lbs/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 ecosystem 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 aerial applications of endosulfan will be applied to 
reduce the tsetse fly 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 lb/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 square kilometer
 
will not affect the environment. The flies are not radioactive 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 ASSESSMNTS 

The assessment team recommends that when an initial examination
 
of 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 recommends 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 eutom::ologist, whose work compliments the chairper.son; and 
3. an ecologist or wildlife biologist.
 

Depending upon the design of the project, the environment in which
 
it is to be undertaken, and recuirements for integration of land use and
 
development programs, 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 members of the team will include the mission project 
officer and the Uashin~ton AID program manager. The organizational 
arrangements and correspondence should be the reponsibility of the 
Washington office of the AID program manager. 

The host country representatives participating in the preliminary
 
planning of the proposed action should he invited to recomend the host 
country speciali-*.t 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 members of
 
the assessment team should convene for several days in Washington. At
 
that time, AID should provide all members with relevant past assessments,
 
project evaluations, reports on ongoing projects in related fields, all
 
preliminary data on the proposed action, and any general information on
 
tsetse fly eradication programs.
 

The chairperson should assign specific responsibilities to each
 
team member. Arrangements must be made in advance for the team to
 
consult with the appropriate experts and officials in the host country
 
during the period of the site visit.
 

The site visit should be of a duration to allow the necessary data
 
to be collected--one to tv.o weeks. At the conclusion of the site visit,
 
each team member should submit his report to colleagues and as a team
 
prepare the draft report. The team noted that "when AID unilaterally
 
considers that there is a reasonable risk of significant adverse effects
 
on the environment from an Fctivity 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-year 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 team 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/VHO studies to date.
 



APPENDIX
 

Figure l.--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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Table I (continued) 

Stork, Spoonb ill Snake, -, .\dJer 
Platallea albat"' ' ". 

Snake, Rozk Python *
 

APHBt. :S .. ID REPTILES Python sebae
 

Crocodile * Toad
 

Crozod-,us niloticus Bufo sp.
 

F 
Rdfl sp. 

L ... :' , ,O l o 

Booms Lan,, *
 
1)i:r2ho Lidus t2li:
 

S T '. : Banid Col.r, 

Sn,-,Ke, Mocamb iquz Spitting Cobra * 

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.
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*:.df I ,.:.t.-Roadside game census and estimated biomass along 373 km of 

bush 	track on the Mkwaja Ranch, Republic of Tanzania.
 

Species Number Estimated Biomass

(lbs/ac) (kg/ha) 

MAMMALS 
Baboon2/ 	 28 0.28 0.31 

Bus;hbuck 	 4 .15 .17 
Duiker, Redback 1 .006 .007 
Hare, Crawshay's 1 .0006 .0007 
hippopotanmus 21 15.0 17.0 
Kudu, Greater 25 2.4 2.7 
Monkey, Vervet 49 .22 .25 
Monkey, Blue 1 .002 .002
 
Wart hog 109 2.1 2.4
 
Waterbuck 45 3.3 3.7
 

Subtotal 	 23.5 26.5
 

BIRDS
 

Cormorant, Longtailed 3 0.003 0.003 
Eagle, Tawney 2 .002 .002 
Eagle. African Fish 2 .003 .003 
Egret, Cattle 158 .076 .09 
FrancaLin 5 .001 .001 
GCinea Fowl, Crested 104 .1 .1 
ltimmorkop 2 .001 .001 
Ikron, Grey 2 .004 .004 
Hornbill, Ground 1 .002 .002 
Ibis, lladada 	 7 .001 .001
 
Kest rel 	 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 .002 
Snake, Banded Cobra 1 .0002 . .0002 

0.0022 .0022
 

Total 	 23.8 
 26.8
 

I/ 	 Assumption: the mean visibility of 25 km on either side of 
roads and tracks traversed was used to establish the area base 
for biomass cvnputations; body weights were esticiated using 
available data (Ledger, 1963, 1964, 1968). 
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APPENO IX C 

'\' I, ' I. l ifI.ito'1.1:tIlt I Oi'IWlItI, I ,I 

ld aI d eW,,i I I 'v "t ,m:I h.ivL' I.'i' var io11:;Ly id t,1iII a cu,.t iu ll ly 

lielug retined. One appropriate international tre.atment put forth by 

by UNESCOElletiberg and Mueller-Do:;,bois (1967) and slightly modified 

(1969, 1973) has recently been suggested by Reichle (1970). Their
 

accompanying map show this East African coastal belt in the "Tropical
 

EcosyStLm Complex" whicl, falls into 6 classes; the one under study
 

being the "Savannah, Scrub-woodland Coplex." 

In a general classification scheme for world vegetation, Fosherg
 

(1961) workhng with the litcrnational Biological Program (Peterken 1967,
 

I11 Mi.1iu ook 4) Iha. ,iu, 'I.Ltd th is tc:s si to falls linto a Formation C]ass 

of clo:--od vogetat ion in tall Savanniah graminoids of more than 1 mcter 

identifies the evergreenwith a closed canopy. Furthor, his dL:scription 

(tree) savannah into an evergreen broad sclerophyll savannah of mego

phyilous evorgreen sclerophyll of the Lype found in various palm 

savannahs in Africa and Tropical America. 

Broadly speaking, IVhIit.e's vegetation map of Africa (Greenway 1973)
 

the East African Lowshows this assessment area to be completely within 

land Evergreen Bushland type, It is bounded on the west hy hoth the 

1) Broad l.eafed Wooded Grassland and the 2) Thorn (Acacia) Wooded Gra:;s

the Inland plain. According to Greenway,land and Semi-desert ve:'tation of 

the te.t site area is technically classified as Wooded Grasslands (main 

type) of the Palm Stand Grassland subtype (Interzonal subtype) and the 

vegetation patterns fall neatly into his Coastal Evergreen Bushland
 

community. His descrip"ion continued:
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the palms of
"A conspicuous feature of this vegetation is 

the genera Borassus .11L1 Hvphaent,, both may be widc-spnread or the 

latter in small group-,; which are widely scattered through the 

gra-;sland. 

ThQ paltms r%.y only be Bloror:-;us or 3ypha,ene , som,,times hoth 

togethor. If other trees, usually evergreens, occur in island 

clumps with the pal.::, the vegetation would then be classed as 

Coastal Evergreen Bu.hlands." 

Pratt et al. (1966) have produced a classification scheme and 

.angeland that show.;
accompanying maps in a dis-cussion of East African 


Grassland and/or
the assssient area to be in a coastal belt of "Wooded 

Buhed Grassland." Their work on area classification also places the 

Mkwaja site in Ecological zone III of Moist Bush and Woodland, characterized 

arid cli-mia. In terms of agriculture potential,by a dry subhumild to sci. 

It I.. not !uitable as for,; t but has high potential for intensive agri

culturk' Wjhere so[S and topography permit. Range grazing use is best 

but ','hcre manageCa.nt can be intensified, stock 
on an exten;ive sysvtcui 

carrying capacity is high. They suggested upwards of 5 ac (2 ha) per 

beast per year or higher. They recommended, "Regular burning may be 

necessary for high range pr'oduction, particularly where tall 
Hyparrhenia 

dominates the grassland." 

Only one known ecological land use survey dealing with grazing 

for this portion of the Tanga Provincepotential is known to exi;t 


(Van Voorthiuzen 1970). hiowever, a detailed study of similar coastal
 

ecosystems beginning in th Kwale region, 200 km north of the ranch,
 

(Moomaw 1960). Although much
provides interesting parallels in land use 


http:manageCa.nt
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variation occurs along th,- East African coastline, environmental conditions 

comparable to those founc on the test site occur as far north as the Tana 

River hi Ke ya (Dale 193", Heady 1960, Atlas of Kenya 1970, Atlas of 

Taug,,,rv ika 1956). 

Working In Taonzania, Cillm a (11i49) provided a vegtation class i-

Itrt oo sc.hme Wh'ich mierits reconsideration. Both he and Greenway (1973) 

hive suggested the threshold between Wooded or Bushed Grassland and Thicket 

(buShlai.d or scrubLiLhd) 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 fire or mechanical means, the 50% cover-class thresh

old soems; very acccptable. Both these researchers have also proposed a 

10% covr- threshold figure, from the grass'land to woodland type. Other 

workers have sug!.eStked v.riable anounts of crown coler as the breaking 

potint bI-tWO0e Cl';';Vs OLody vegtation (Fosberg 1967, Gwynne 1976, 

Greenway 1943, Moomaw 19(0, Pratt ct al. 1966). 

The second aspect of local classification is based on physiognomy:
 

trees, shrub or bush 1 it 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
 

trees or shrubs over 5 m are considered in forest or woodland types
 

whereas multi-steumed shrubs or low trees less than 5 m are considered
 

bush. The conventional distinction between forez= and woodland is
 

whether or not the tree crowns are in contact with one another.
 

In conclusion, based upon a review of plant classification schemes
 

and Tsetse fly habital requirements, the following method was used in
 

preparation of the base nap for the assessment area (Table 1).
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APPENDIX C
 

Table 1. -- KEY TO PIIYS[0t:0NOMIC COVER TYPES - MKWAJA RANCII 

Forest - Tree!; or sinte stemmed siruhs greater than 5 m tall with 

100% crown cover 

=Woodland Tlees or single steried shrubs greater than 5 m tall with 

crown 	cover, i.e., not touching 1/
less than 100% 


Bushland)
 
Thicket ) 	= muti-st.m:,d shrubs less than 5 m tall with greater 
Scrub ) than 50% crown cover 

=Wooded Grassland trees or single ste;nmed shrubs greater than 5 m 

tall having crown coverage between 10% - 50% 

Bushed Grassland = multi-steuned shrubs less than 5 m tall having 

crown coverage bLt.wecn 10% - 50% 

Gra,;slands - areas do!iin.,ted by gra;iinotds having less than 10% 

shrub or tree crown cover 

Complexes: Wooded grassland and Bushed grassland may occur in com

bination but coverage may not exceed 50%
 

1/ 	 Grouped-tree grasslands (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 Tcvtse fly habitat, (overleaC).
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PlanIt (Lami:itic', '--, Cover T ypes
 

The dominant vegetat ion feature of the eastern 
quarter of the ranch 

is a D,,uvi Palm-high gras,; "savanna;." Scattered Doum Pa 1: trees wt11 . 

. tall-grass undcrstory predoaMinates throughout, In thi,, 

dom i nat 'y grassland assoc iat ion, regeneration of young palms has bo,:, 

a U1,11a.;etment problem. Al:io, to the south and east, Acacia zanzibarik,,i 

has invtided in sufficient density to class; some areas in the mixed ii!., 

Gra:~;:laud ty,. A false .Acacia, Di''cost :'hvs cmnor,-a, and cat claw, 

lkarri, ;onia abyssintc-,, h, .ato boco:ri roublesome invad.rs here. [.,,Ir
 

tant Iif-I1i grasses are Hvi~rrhenia c!issoluta, H. filipndula, H. rufa:, -nd
 

Antidropw n 'chircnsis. Heavy grazing converts this composition to :iid

grasses, such as , DiLttari scelaru:i, Bothrichloa clabra, lactvlocte,.i!,., 
wyptlfn, .-o±rosti sci'rba, and Cviodon dactvlon. Co:.non trees es.Ie4 

Dou:a Ptlm that constitute the overstory of this Wooded Grassland, and 

spotte.l throughout other c1,ijor Gra!ss.lands as well, are Sclerocarya caffra, 

T'azrari, .du:s irdica, TermiTI.lia spia',,a, Kivgelia aethiopu:M, Balanites sp., and 

Bo!;cia !;I 

The ',tixed Wooded Crass lands/Bu.hed Grasslands of the central uplands 

ar,, the dominant communities between the grouped tree forest islancs. 

Coinnen trees are the conspicuous Baobab, Adansonia digitata and Eupi or'La 

cand,.labrum, the everpresent Doum Palm, H.phaene thebaica coriacea, and 

abundant Terminalia sptno:,a. Many trees and shrubs found in the Grasslands 

of the eastern coastal strip above are also common in this upland vegetation 

mosaic as well. Other trues more co-.mon to the uplands aro Strychnos sp., 

Manilkai'a sulcata, Brachy:stegia sp., Aibezia sp., Comhrerum sp., Dalbergia 

http:invad.rs


sp., D .o-;ivros sp., Nimu,.; sp., 0dfieluja sp., and many others less 

prom i ul. 

EX AuMil k 0f 11(1;h ,1i[ I 1 *0' l[[,u:.1 11 : 11l . 1 Cit':; ill Lt10 Bu:;hotd Gi'. -a 

.111d!; alI Ul:!; I i d 'i'll itk : are , , i:...ia I ibera, A. iile ic, I, A. : na ibar Ica, 

C0:tnlphotr africana, T,,rmi,'alia spi sa, and Brachystegia sp. 

Undrstory grasses o: 'oth Wooded and Bushed Grasslands are here 

again repeated from the cc:,o;-tal strip; pri.arly, Hyparrheaia species 

doilina t o. Other specLes, perhaps owing to greater moisture or different 

grazing aid burning pattori.s, include Piui'um maximu-:, Digitaria scelarum, 

l veLerop. . i . contortt.,, Tit. :.,.da triandera, Chloris sp. , Soorobolus sp. 

and Ari.:t Idi ken ieii ; 

're ' I,;Intd shrub. Lt .10 i.Z;ulhite d tEV c*r,,,n Fore .i. 1,,lands, h , .. 

s;omte l ll~ot,;e, i nll. iaoi,,d ,. ' iiv I i:d.., I'. ,Ifri.c'na, W'..,,';,ia i :;ll , i ., 

Afel III.ic._ n-iss, Acok.l.: lra sp . , auUd I'icti i sp. In tlhese forest i l.nds 

are inaIy cr,.e per:; and 1.i' .a type spetci.- , such as, Et:phorbia sp., Sii lex 

sp., and Toxominus sp. Altiougl LheLforest floor is usually devoid of 

herbaceois plants, occasio':al Saiasevi-ria sp. and other succulents do 

occur. '.here breaks in the normally cor.tinuus canopy let sufficic;lt 

lighht down through to the piak sandy litter-covered forest floor, Panictim 

,.i x.inu:. i; the dom i n,.ji.t y ras.;. Apart fro.i lianas and creepers on trees 

that surlroL, d the ,,. e, . e ton.,., 41ihIragus f;w:trpis the ,ll1vfern 

other ciuiipicuous: vegotat ie feature. Tlere appears to !e little ji :,,v 

concentric vegetative str.ti fication wi.thin these forcst islands.
 

The Riverine Forest %long the " .sagazi also a
River hai closed canupy 

condition with very tall trees common to coastal riparian habita-s. These 

gallery type forests are i:xo.,tly confined to the immediate streamside 
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are often a function uf shallow pans which trap moisture, termite colonies, 

or similar micro-habitat situations reiated to soil moisture retention. 

The whole of the ranch is covered with subterranean termites 

0dontotcrmes sp. except for the broad flood plain of the ?Tsangazi River. 

Ties. 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 their importance in the total flora though they are a 

relatively minor bioma:;s component relative to trees, bush and grass. No 

unique comunity relationships seemed to be associated with the forb 

compItuent. However, :;,veral naturally occurring legunenous fora ,e species 

are con'imn along the wo.es'tern coastal strip. Comm:,on are Stylosanthes 

fruit icosa and Glvcene jaanica. Some low shrubs and semi-woody forbs 

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

Boscia 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 cora'unities were found throughout the ranch.
 

Some of the larger poorly drained depressions contained aquatic grass

like sedge stands of pure Cyperus sp. Occasionally large such stands
 

are encountered in waterlogged sites on the Msangazi flood plain. Certail
 

reservoirs have rush-like species surrounding them near waters edge.
 



S01,, PollI; and stock 0s, il f 10.:L i lil ,Lesind "t.amp lot tu:;" ortan 0nt 

" t'L: 1 .t, 11 ItiI 11. 0%'V.;|NiWAllIIj14 i i |l' .1114| e xt.4,1111 14.11 i11 to tl llwo'd 11%,I 11 v'. 1\l 

several more kilometers to th Indian Ocean. The estuary here is a com

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

Acnet Ia~ ctHi Lea 	 Mimllwps; sp. 

Oldfieldia sp.Acacia moinlfcra 

Acactia nilotica, olea africana 

Acacli paolii Sclerocarya. caffra 

Acacia ::anzibarica S-i[1cx sp. 

sp.Actkanthra sp. 	 Strycnos 

Tarmarindus indicaiAdani,;oi i.1 digitata. 

Af ze1 .t i cua~nzensis 	 Tk ri inalia sp inosa 

Ba I au1ill.s sp. 	 I(.X..Iniluq sp. 

VWrbUrgia stulilmanniiT~rsi;sp .
 

Iloscina :;p.
 

Brachy :spa sp.* GRASSES AND GRASSLIKE
 

Coinbrotin sp. 	 Andropogon schirensis 

Com ijIwra africana 	 Aristida keniensis 

imdbo'rsia- sp. 	 Boathrichloa glabra 

Dlchrou:;tachys cincea 	 Chioris sp. 

CynO don dactylonPPuy~-I'll. 

Euhoh acande labrum 	 Cvporus 

F irts sp. 	 Dactvloctonilrn cagyptium 

liarri-sonia ahyssinca 	 Digitaria sci-arum 

1yEhavno! thebaica coriacea 	 Erogrostis superba 

Kigelia aethiopum 	 ltyparrhenia dissoluta, 

ManjJilata sulcata 	 Hyparrheti-a filipendula. 
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PLANT LIST
 

I~y>Irh'ih~rufa
 

ValitU maUI
ilximum 

SJlorobl,(Ilu sp.
 

Thineda triandera
 

FOR BS 

flosc~ia sp. 

Cassi sp 

(:ronI s~p. 

FuIClCI S1) . 

itspl~ea p 

StyloSaI-'.theS fruiticosa 
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R.PORT OF TSETSE FiY PRcJICr RFVIEW CO "UTTHE 
JTit itU,2j:.:..na . u .,n_I an :rv 24 -2 , 77 

males of Gosin::The research program on the use of sterile 

mors;':n is now t,.oncluding Phase II, the development of fly production 

methods and prcj-ara.tion of a field test site. Since the last review, 

the project has completed its building activities, demonstrated the
 

a release operation and
capability for rearing sufficient flies for 


to initiating
inltitcd populntion analyses and field studies pursuant 


the ll:-P!e III; a field trial during the latter part of calendar year 1977.
 

ThU2 current st.-itus of thie program is adequately described in the 

working paipers p",.'sonted by the research team staff for the Re view 

Co~;:itL4,e (Alpcn : 2). Follo,:i-ng a thorough review: of this maturial, 

c]o:w- inspection o" thl ? facilities at Tanga, and a visit to thc field 

site, thle Comiittee recommends the irplementation of Phase III. The 

Co.Mmittce debated the renaining requirenents and the operational planning 

for 'hase III. A brief su=.iary of the agreed procedures follow:s: 

rY9-earing and host animal production at Tanga 

The fly colony is being increased so that it will reach the max,-.:un 

level of 45,000 females and 15,000 males sometime from June to Septei:.:ber. 

When this is achieved approximately 35-45% of the females and 25% of the 

males produced will be required 'to maintain the colony at a stable level 

of production. Depending on the reproduction characteristics of the 

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



daily reluase. 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 be field-tested to
 

determ1ne if they h.\ve similar survival and dispersal characteristics 

and, if :o, the 1e:,s productive Internal II colony will be disbanded. 

Recent genetic stuclies have shown that the Tanga strains are similar 

to the Ifkwaja strain; therefore, no further attec'pts will be made to 

incorporate the Mk:aja strain into the rearing program. However, 

propagation of the mutant marker strain (now 1,200 strong) will continue 

and field and laboratory tests (.kaja and Seibersdorf) will be conducted 

to assess its viability and competitiveness.
 

7o provide replacement stocks in the event of a diseaster in one
 

of the insectarles, a back-up colony of the internal I strain is being 

mainta[hhod at the T,'".% Seiberdorf laboratory. This strain, currently 

3,500 strong, will be increased to 10,10 females prior to initiation of 

the release program. The back-up colony will be able to supply up to
 

13,000 pupae upon demand plus 430 daily threafter. This colony is being
 

maintained exclusively on preserved horseblood using membrane feeding
 

techniques, and has a somewhat lower mean pupal weight than animal-fed 

flics (28mg vs. 30=g, respectively). However, its fecundity currently
 

exceeds that of the animal-feed colony by about 23%. Tests will be
 

conducted to determine the reason for this large difference in order to
 

improve the fectundity of the animal-fed flies. The advisability of
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initiating a second back-up colony (5,000 females) at Langford is under
 

consideration. UOen sufficient numbers are available it may be possible
 

to t,.*t 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 Nkwaja 

Ranch, an attempt 'ilI be ::ide to establish a colony of this species 

in Tanga. This species will be maintained as a small, research colony 

in anticipation of a future increase for release purposes after the
 

control of G. mor.zita.s 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., it is anticipated that adequate numbers of both hosts will be
 

on hand by 'arch 1977. The rabbits will be utilized in one or nore 

insectar[es 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 disruption in the availability
 

of these hosts, continued 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 undertaken to upgrade the goat quarters in Insectaries
 

I & II to that of Insectary III. 
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.1! nd Il':. , Tr.mu',.,rt and..Str.i Ii.-.at_~on. 

Stu.d it; at. ''.in,.i hav, cmfirmI'd the ;Uf tab 11 " (I i iriadf lt111, 

pupae in a nitroslen atmosphere. Further work is scheduled to determine 

methods of pupal storage to obtain optimum numbers of viable sterile 

males for release, and at the same time conserve females for colony 

purpoe;s. 

The current ccncept includes allowing the bulk of the females to 

emerge at Tanga, tlicn cooling the remaining pupae (mostly males) for 

transport to ,j. Ranch, where they will be irrcdiated and released 

prior to adult e,,r.cnce. Testing will include an assessment of 

stockpiling male pupae to reduce I e number of trips required between 

Tango aid ,9zwaja. 

Barrier beth e1:.v ar" Fl' security at M.aala 

Insectirld-al Barrier: 

The 1 Km wide cleared barrier will be completed between I1arch and
 

June. The barrier ,ill be reinforced along the outside perimeter with
 

residual applications of 5% DDT on the low.er 10ft. of trees greater than
 

4 inches in dia:Meter and on the undersides of the lower branches. Based
 

on available information regarding the width of a dialdrin barrier required 

in Tanzania and Uganda, the initial barrier testing should utilize a
 

300m. treatment swath. This test should include at least 3 linear miles
 

and perhaps cover th.e entire portion of the barrier separating the
 

treatment and control areas. Treatments should be at bimonthly intervals
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and bioassay; will be conducted to assess the degredation of the 
residue.
 

to determine barrier
Several techniques should be utilized 


effectiveness and it must be recognized that failure to detect 
fly
 

across the barrier will not necessarily demonstrate that it has
 
movement 


the major means of assessing the
 not occurred. Fly movement serves as 


effectiveness of the barrier. Laboratory-reared flies will be marked
 

as they emerge outside the barrier, wild flies will be marked in 
the course
 

of normal flyround activity, and addtitional flies will be captured,
 

to the outside of the insecticide treated barrier
marked and trzansported 


for release. This activity should be continous for a 6 to 8 week period
 

and, if no migration is detected, should continue thereafter but on 
a
 

Several bait animal capture stations will be
less intensive basis. 


established Along the inside perimeter of the barrier and manned during 

week-days during the tests. In addition, flyround surveys and possibly 

capture flies and detect rmigrants.electric grid trapping ,ill be used to 


All migrants from outside the treated barrier will be placed individually
 

in tubes, killed in the sun, and che!.ically analyzed for insecticidal
 

content.
 

If the 300m insecticidal barrier is not successful, the width will
 

In the even that the barrier is
be increased and the testing repeated. 


still not completely effective, a maximum barrier of Ian -rill be ,
 

evaluated; if this treatment is sufficiently effective, the releases
 

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

To ;1Cmniv'(, 'q~n- at,;,I I of 01",, o t t rleas'o tn 1U 


males, evaluaticns 
 uill be conducted in both the outer perimeter of the 

release area and in the .inner core. Evaluating the information in 

this manner may make it possible to determine the influence, if any, 

of mmigrnnt flies and thus judge more accurately the efficiency of 

the released nales. 

F y_.Secur Aty 

Fly gaLes an.!/or deflying chambers will be established at the
 

acccss 
 roads to the release portion of the ranch. Movement by ranch 

animwc, between the north and south sections and in the cleared barriers 

will be terinnated prior to the inital suppression of the fly population. 

_Population aid, fertiliity issessment Mzwx.ajaat Rm~ich 

Flyround activity will be continued throughout the pre-release,
 

release, and post-release periods, although the total weekly flyround
 

activity may be reduced. 
 In addition, bait stations will be established
 

as w.ll the correlation between screen and cattle flyround capture
 

efficiency. 
These techniques, supplemented by other trapping methods
 

that may become available, will provide data for estimates on population
 

density for rvorsitans and pallidipes males as well as apparent density
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estinmites and male:fermle ratio During the actual release program 

the irradiated males will be automatically marked as they emerge from
 

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 methods.
 

The incidence of reproduction malfunction will be observed by dissection
 

of captutrcd females and compared to baseline data and also to observations 

made concurrently in the control area. Secondly, if 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 

susc(,ptibility, of morsitans to to-aphane residues on treated cattle.
 

An asscsoment of trypanosome transmission will be made by conducting
 

or contracting work on infection rc.tes in both species of fly, random
 

sampling of up to 10' of 
the cattle herd, and obtaining such information
 

on infection rates among wild animals as is practical. 

Fly releases will be cc 
 nued for a minimum of 6 months following
 

the last capture of a sterile wild female (if the barrier is completely
 

effective) and surveillance will continue for an additional 6 months.
 

If the barrier is 
 completely effective, the continuation of release
 

for such a prolonged period may not be required.
 



Population suppression at Mkwai
 

Based on preliminary estimates of the population density of
 

G. morsitans at Mkwaja Rach, 3 ULV insecticide applications will be
 

required. It ic estimated 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 conducted in the release area with minimal
 

overlap into the barrier zones. Endosulfan will be used at a rate of
 

30gm/ha per application, about 600 kg A.I. per allication. 
 If feasible,
 

the application will be applied with the Cessna 185 aircraft currently
 

based at Arusha. Additional equipment for the aircraft will be
 

procured from the comercial operations contracted to perform the work
 

and an experienced consultant will be obtained to 
oversee the application
 

program. 
The current estimate calls for the interspray interval to be
 

15-18 days. The most opportune time for the operation appears to be
 

between September 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 standard 

flyrounds and/or standing bait fly captures.- In addition; variations
 

in control levels due to differences in the bush canopy will be determined
 

by bioassay at selected sites.
 



Release Sequerce at !T.,-wala 

Following the first aerial spray application sterile males may 

be released In aras of maximum fly density to obtain some level of 

reproductive cotrol on the subsequent females emerges. These 

releised males will be destroyed by the second application, but by
 

that time they should have exerted sone effect. Similar releases 

may be conducted after the second application. Following the third 

applIcation the releases will extend throughout entirethe release 

zone, with limited numbers being released in the barrier zone. Current
 

calculations indicate that it will be possible to achieve a ration of 

2-4 sterile male to each iwild male at that time. This should cause an 

immctliate redtIction in reproductive capacity and significantly reduce 

the size of the subsequent gencration. Releases will be continued at 

the maximum ratte possible, with due consideration for irregular density 

dis.t ribution through the release zone, in order to obtain the r.iaximum 

rate of popul;:tion decline. 

In all probability releases will be made daily, with each release 

site being serviced from 1 to 3 times weekly. Pupal irradiation will 

be conducted at Mkwaja Ranch to take maximum advantage of the stimulated 

emergence caused by irradiation. The irradiated pupae will be packed in 

small containers under 
a layer of inert material containing flourescent
 

power. The containers will be distributed to some 2507300 selected
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rele.-,:e 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
 

released flies. In addition to the flourescent powder mark on the
 

released flies, a mutant marker strain may also be utilized to help 

monitor the effectiveness of the release insects.
 

Comp-.jjtion ofrnra: 

The effectiveness of the sterile male programe should be 

evident by the end of calendar year 1978. Although releases P~ay be 

continued after that time, an analysis of the operational feasibilit\ 

and economics will be possible early in 1979. Thus, the project 

staff should at that time have their data prepared for a critical 

evaluation by the Review Cor-nittee, and subsequently by other interested 

parties and organizations. At that time final preparations should be
 

undertaken to renew the programme for such large scale operation as will 

have bcen decided upon between now and then. Potential areas for future 

operation discussed by the comnittee include Mkwaja(pall]dipcs), Zanzibar 

(G. ,iu.teni), Nafi Island, the West Lake Project and the Handini area. 

I17onnerup/David Dame: vdw: 2/18/77 
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Bnckproijnd
 

1. When DETR becnme available in 1945 the East African Tsetse Research
 

Organisatlon soon showed in the labor5tory that tarsal contact with a sprayedi 

be lethal to tsetse flies (105), but subsequentsurface for a few seconds could 

field trialo'with treated oxon as bait animals were not succesnful because they 

were unable to compete as ta3tse hosts with the game animals and they had to 

be re-nprnyed at too frequnnt intervals (8,107). Meanwhile, also in 1945 in
 

E:u:;t Africa, the Colonial Insecticides Research Unit (the forerunner of the
 

Tropical Pesticides denenrch Institute) showed that deposits of DID1 and BHC 
on
 

l]aves were lethal to tsetes flies after a short contact, and demonstrated in
 

islands in La5ke Victoria that mingle ground applications to a
field trinls on 


very :;dll proportion of the vegetation reduced fly counts by 50-8N.for 1-2
 

w4-1-k C95). Repeated app"ications to riintain a toxic deposit for longer than
 

A pup.il period were necesn,iry for a gro.wter and more per-manent reduction (108,
 

IO09). Difldrin was firrft t,.ntci in 1955 (18) and scon replaced :)DT in residunl
 

r,'Iyn on vegetntion in Kenya (40). Residual treatments of vegetation fro,-,, 

,round spraying equiprriont wore begun in West Africa in 1953. Fince these n:irly 

o;,,vntionn until the ,rosent time DDT and dieldrin have continued to be almost 

,xclitcively the innecticidem used for residual treatments of vegetation in ground 

ni rny operntions. The only real chances have been in techniques to improve 

effectiveness and reduce contn, by reducing dosages and by more discriminative 

and selective applications ( 21, 26, 28, 48, 63, 64, 74, 75, 76, 89, 90, 110). 

2. Applicationn of inr.cticiden from aircraft for tsete control have been
 

mdo since 1947 and tha first successful scheme was carried out with DDT and BHC
 

in South Africa where nir-nproy operations with both fixed-win, aircraft and
 

tc
helicopters wore combncdn-.,'"h c-, r cc.-';. c.r..-sures over a nertd of year, 


i.radicote t. pnllidlpen (P.) A r- :r.:.e of -,eearch on aeri sprair.fr

( pii,... 

',he ,r-:cal Pe:.ticidos aaesarch Inatitutetsets~e control begrnn 


(13, 17, 19, 35, 49, 50, 51, 52, 53, 5:, 55, 56, 68), sand this has been the
 

http:sprair.fr


2.
 

forerunner of aroprpnyng teclniquou empl."ye in Zasbia (p "a. Gtl) t 

14,itmwsti tporn., b3 ) to ,ay. I';':' aeii 'AlI. the firot Insacticide. uined , wvra 

replnArd by dioidrin nnd more recently by end. nulfiin at rates an low as og in 

0.031/ha (61, 82). Since the late 1960's, techniques have been developed for
 

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

Ji:;1 nttnnro 

3. Insecticides uned in tsetse control operations on any scale from the
 

prornd and from the air have bornr limited to DIY, BFC, dioldrin and
 

endoul fan. These are n11 orgn:,ochlorine cc,-po,nds. ,dhere insecticides belonging
 

to thin cltn have ben used to control other insect vectors and crop pests.
 

reniatAnce to therm han fre ,1,nt'y developd quite quickly and become a serious 

problem. Renintance to ir5ectic'dev in tsetce flies has not been retorted yet.
 

.om te:;ts in N. Ni;;,rln in 196' inJicated t.at the susceptibility of a population 

oC G. :Inr: to D iYand dieldrirn had rerai.ned faLrly stable over a reriod of to 

yeaua,/but no syt;tematic monitoring progra.-.:a to detect resistance has been carried 

out in We:,t or Ent Africa ind t:;ere is no reason to expect that it would not 

develop ;oonrr c;" Inter if populitions are put under greater insecticidal pressure. 

4. Restrictions have been put on the use of organoohlorine insectioides 

in some countries beciuse of persistence in the environment azed undesirable
 

side offeoto on non-target or'nnisms, an.1 these oompounds may become les readily
 

available cr acceptable for tfietse control. Destruation of irds and wildlife
 

iirmediately after tsetse oontrol operations with or-anochlorine insecticides have
 

been recorded (41, 65, 67). There was a general decline 'in the prominence of
 

oertain insectivorous birds n year after a single application of dieldrin in
 

Nigertn, but must of the species affects! then recovered to pre-spray density (66), 

and monitoring in U;anda sho',nd that the spray programmes were not leaving dangerous 

doses of dieldrin in the soil or vegetation° An ecological asoesement after aerial 

applioations of endosulfan in Zambia showed no lasting adverse effeot on the
 



inseot'fawia, and sirilar operations* in Botswana have so far produoed 

no adverse effects on. people, cattle or fish. The various studies to date 

indicate that residual sprayinig of a ningle heavier dos of inseoticide to a 

selected and 	restricted prixt of the vegetation is more likely to have an 

* impacflt on 	 non-tArget organisms than is sequential aerial spraying. 

Oearch for new 	compounds. 

5. A syritematic s.'ch for instcticidesc that ould replnce the orjpanochlorine 

compoundn in tnetise ronfrlIol opcrAtions when neceinary was begun at the TPRI, 

Arunha, (9, 10, 12, 14, 15) tzd has continued at COPR as a part of the WHIO Evalua

tion Progranum6 	 (43, 46). Szame of the ca-iidate insecticides have also been tested 

recently at the ligerian lno~titute 15r Trypanosorriais Rosearch (87). 

* 6. In lnboratory bioas"iNys of the toxicity of organophosphorus compounds to 

tnetse by topical applictions in solutionl, none. is found to be appreciably more 

toxic thian endovulfan and dioldrin L,d cnly a few are as effective an they are. 

TheSOa include OMS-1825, CM.'-15O4, OMS-12S3, fenthion, chlorfenvinphos, 6icrotophos : ' 
: .: : .. :.: , :? .:/ .:jj:. :::. :. : •'/ .:: < : :: : , :: : . :, :/ . :" " :r : :- /: ': / ' k j : ! / i!':''" : " ::i!:"---- 't ' , 	 -

iand crotoxyphon, while pho.,;met, naled, dichiorvos, tetrachlorvinphos, brornophos, 

* 	 *.dfenphon and fenitrothioui Fre from 2 to 4 time a loss active. OXFS-1825, ox'-15O's, 

OMS-V 0S3, tetrnch?.orvinphcs, brom-.ophon ..nd jodfernphoa have the advantage of low 

mammalian toxicity. Naled and dichiorvos are too volatile.. 

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

and two di-methyl carbamat es pyrolan asd dirntilan, are similar to or slightly 

less toxic than endonulfan and dieldrin. 

T.t;itse are r-isceptibUlo to natural pyrethrin (10) and to a number of syrthvtic 

pyrethroidrs including~ reiv-.thrin and its constituent-isomers bioresmlethrin and 

cic~othrn, othrin (mC4),Nii.:C 14c,, 156 Nit~161 (6). 1m1;RDC and 	 161 

.in outntnnding and is 1OC) timmme a.- efff-ctive D,3 dieldrin to 0. rnunt4)ni. JPi.:iethrin 

re&s-blto natural pyrfethrn in that, it is un..;tabla on expo:.uro to light, but 
perrnct1rin and NROD 161 lire light otable-rin& in-,olritilo rind at prvr-;nrt hrve 
tho 1r.7tc3t* potential no, residua'l inecotic'Ides for toetse control, nlthough 
some. pyrethroids nmny 1.uL'ore. ouitnhble for sequential l@~ rate applications 
than for single dose r'3s'idual S'prays becadse'of their high toxicity to fish., 

6Sisceptibility of diI:.ront specisa. ~ 

9. V~-&iw 	 A-or in; .:. 'hility of different species to an insecticide is. 
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# A 4-fol.. difference .... ..Am early affrt or ill Iperati(ijii. 

b t"" P'"thit wi'n1' InprC,110A AnA It1Al"I''l
Innum'rpt ibi t to W,",.4w%f n~ uli molj 

the 3,nW; uncepibl G. brevirnlrin, G. .nnioi-in' 
itn and
" 

rind G. ucoplUrifl (105). G. !iwvrn(,rtoni .inrore stinceptible than:auncepjib G. rornitynn 

Pn1rilis and G. lon(1~O~pif appear to be similar
 
but G. ait.enisj Gl. ror-t-rttffl, (rn* 

( 43, 37) alhougI few comparisone have o
a number of compoundsin their t olerance to 

same method tnder the name conditions.
been made by the 

a to ainsecticide oan vary acoording to 
Theuceptibility within soies 

condition either because there is a real difference 
in
 

nex and phynioloicril 


a difference in the dose
 
the done actually required to kill or because 

there is 


reaching the flies e.g. pick-up from a dep..sit 
by a fully-fed or a pregnant female
 

than thait by n t.nerml fly 1.-!caune the ventral surface of the abdomen 
mmy be greater 

with tho treated surface. 
en well at; the tarni rrnke. cntqct 

and old led males are generally equally
Teneral flir' of eith,'r nex
11. 


in solution by topical application (11, 43).
to innct. icides o 1,ppiedniixeptVl e 


to the crganochlorine

All are more sunceptible, howe!ver, than preognant females 


and. 4 to 9-fold increases in
n'd endosulfan (11,43,57),insecticides DIY,, dieldrin 

to be taken into account in field operations with
 t l,,rnico in old females bhmw 


these innerticides.
 

only a srrail increase in tolerance in 
tents to date indicate1P. Laboratory 


old pregnant females to natural pyrethrini, and a synthetic pyrethrcid resrmethrin,
 

anii no increase in tolerance to the orgaunophosphorus compounds fenthion, 
tetrachlor

vinphos and bromophos, and the carbamato Propoxur (11,43,87).
 

Field trials
 

Some of the compounds showing high toxicity to tsetse 
flies in laboratory


1,. 


tents and referred to above have already bcon subjected 
to limited field trials.
 

In 1966 in northern Tanzania throe aerial applications at 3-week 
intervals of
 

undiluted technical fenthion cnused-more than 90% reduction 
in tsetse populations
 

.in have been reported (58).
the 4 weeks after treatment, but, o further trials 

of natural pyrethrins . 
14. n 1967, o .,' 1 ications of 0.4% w/v solutionox. t-i.l 



vynirg~ined with 2 ,pipflronyl butoxido in power kerosene were made at 3-woek 

intervals in Tanzania. Populrhtiona of G. i~nlidipras were reduced by 95% after 

three applications but subsequent applications did not significantly reduos 

fly numbers. It was cnn;itdred that unfavourable meteorological conditions during
 

these applicationn and 
full leaf cover were the main factors responsible for
 

the lack of effect, ani furtl-er work was recommended on the basis of the good
 

tof the firntappltcntionn-(59)..--Subsequent. aerial alications of natural. 

pyriLhrinn at a higher concentration did not give higb reductiona of GU.nwyronrtoni 

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

population of o. swy;nortoni by 98% (96). In aerial spray trials in Botswana in
 

1975, natural pyrethrins at 0.6 and 1.2 g/ha had no effect on the G. morsitars 

population. InI the previous year in Botcwana the same dosages of the synthetic 

pyrethroid bioresmethrin applied from the air ina, and 4% solutions in diesoline 

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

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

\of cinmethrin, bromophos, jodfenphos, fenitrothion and tetrachlorvinphos for
 

iernorol contact of the flyin; adults in the !allery forest, and of tetrachlorvinrhori 

and mitthoxvchlor for renidual contact (24). Operational problems limited the scope 

of thene trials, and additional tests with these materials could be valuable. The 

trials er,phnaised the noed for further studies of the penetration of spray drops 

into the dense vegetation of gallery forests (601 and on the resting behaviour of 

tsetse flies, partioularly at night. 

Formul at ion.n
 

16. Residual spraying techniques employ DDT and dieldrin as emulsions and
 

suoponsions. The concentrates from which these are prepared are those normally
 

used for public health work and the only cxanple of a formulation specially made
 

and uned for tsetse control is the dieldrin 15T emulsion concentrate. This involves
 

a modification of the surfactant part of the standard dieldrin 18O-l e.c. which
 

allows the preparation of relatively conccntrated emulsions containing up to
 

5% active ingredient without inver-ion of the phwes. Otherwise formulations
 

which meet the WHO specificationa (Specifications for Pesticides used in Public 

Health, 1973) have boc.. satii,.actory. 

Aorial r-: !rthons hava used high volu-.e rates of dieldrin emulsion 

.4....
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(91) 	but aircraft normally distribute low or very low volumes of con~centrated
 

.olutions
of diedrin, DD- or endosulfan with the intention of directly hitting
 

tho flies. 
 The desired efficiency and economy are obtained by using insecticides
 

which are very toxic to tsetse flies, the optimum range of droplet sizes and
 

suitable choices of aircraft oporation methods and meteorological conditions.
 

An important faictor controllinr the droplet sizes in the aerosol as it reaches
 

the standing vegetation or the ground is the volatility of the solvent used to
 

dii;solve the iisecticide and East African experience has shown that this should
 

not be high, otherwise droplets become too small to reach the target efficiently.
 

Kerosene with a boiling range of about 150,to 2500C produces less effective
 

aerosols than diesel 	oil 'which has a wider range of around 200 to 350 0
C-and
 

the latter has been usedas a diluting or primary solvent. Despite these
 

results, the more recer.tly developed and currently favoured endosulfan solutions
 

(61,82) are prepared by dilutinf a 35% emulsion concentrate to 20M with Shellsol 

All. Thin nolvent hari n boiling range of 1,86 to 2140C and a substantial proportion 

nprity is to be lostof the volume presumed during the time it is airborne especially 

an the solvont of the concnrtratn is even moro volatile. However, nt timethe of this 
doveloponnt .- rk th? forr'ul-.tion h id to bi- cho:-en from those rnde for other appli
cations. Also, volatility "-isnoosI.':1o allow suit,ble'-.droplet sizaeato.be formed
 
by evaporntion of conrser :sirayg produo.d by the 
available equipment. Less volAtile
 
olvents nre now being invottih-nted (sen+ para-,raph 18). Insecticides which are themselves
 

liquid, vuch -in fenitrot-hion and malatL,on, do not require formulation for application
 
at ultrn-low-volume rateo, have not been unod ngainst tsetse.
 
18. There has been little attept during the last 20 years to improve

form.ulattons for the tnsecticide'appll. ation in tsetse control. A good remnon
 

fox..r-this i 4a-t. It in cheaper to employ concentrates which
desire for economy.. 

are already being,used for the control of other pests and to dilute these with 

locally available petroleum solvents than to transport specially prepared 

solutions over long distances. However, special formulations are being produced 
by some chemical companies.and the use of more involatile materials is being studied For exaniple, trials
 

with dieldrin and endosulfnn in various solvents have been carried out in
 

Nigeria and Botmwana. The Nigerian tests involved selective residual spraying
 

of dieldrin to vegetntion by helicopter at 800 F/ha to approximately 10% of
 

the total area. 
Bioassay of the residues are made with captured flies. Ii.
 

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

the aim being to obtain oir.ct contact of insecticide on the flies either on
 

+'::'-" " 	; + + '%:"I '
<....,: :: 	 k':
+:":" +'::"'.../':L?:I":+ :I:::" ]r+ I. 
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the wing or in their resting sites and changes in the natural fly population
 

are menured. 
Both investi, atjons auggent that the less volatile solvents give 

the best results although the reasons for the improvements are not clea because .. 

lower volatility influences both the pernistence of insecticide in the residues 

and the particle size distribution of the spray. The solvents uned are esotntially
 

* . : non-volntile, e.g. veg;etable oils (cotton seed oil, arachis oil or rape seed oil),
 

Geool-2ehle.lhta~o n-urx27 (an- hoiatic- roduct from-, petroleum),. 

TThese have been compared with diesel oi.' which is partly volatil 
 nd hell ol AB 

which is relatively vcry volatile. It is worth noting that although 'non-volatile' 

or 'low-volatile' solutions are mentioned in reports only part of the solventu they 

contain can correctly bo given this description. Extremely low volatility means
 

high viscosity and the noluticns therefore contain other more volatile solvents
 

to reduce viscoqity to a sprnyable level and, in some 
instances, to ensure that
 

the active ingredient remains in solution during storage.
 

\C.ROUND AILICA'iION EUIMN 

Int r dieti on
 

19. Anyone with :accen,3 o:ly to the p-.hlihod records of ground spraying .7ainst 

tr,,tno would have difficultyin discovering just how the insecticides are an;lied. 
This in beinr, remedied to .,,-e extent by the puU'ication of n,,ore information on 

po.:,'.icide ;.p;1ication equi-.nt a good deal of which has relevance to tsetse
 

control. 
COC)R and the Over.,-.n Spraying Xa:chinry Centre (CS.XC) in collaborotion with 

other LIK scientifio units thr'otih the Niniatry of Overseae Development Natural Resouroe 

Adviorn Coordinating Cowto (0:,AC,Su,-C:.mittae on Peolicide Application 
Overneas (9u) helps in the r-rorotion ar.d ro-ordirnation of routicide application 
research aiid development in relation to the d.,nrnd3 of overa.-n countries. 
Asnessment of spraying machirfiry is ongtnir, rerearch at OSXC (79) and many of 
the teeto carried out are bned upon recc.-mendationa by WHO (30, 112). 

20. 3praying equipmont in uned to 
dincminate pesticides an liquids in the form
 

of aqueous suspensions, emulnions and solutirns. 
 It is not possible to list all
 

the, equipment in current use or which is available, but the appantus mentioned
 

*below has been used in major control ope:-ationa;. e.g. aerosol dispensers ore 

used at flY Piclkets, ;.i, aehineu although employed in the early days have 

http:equi-.nt


* 


Ir44t.4 

* 


* 


* . 

nwdeclined in use whereas a variety of hdalcenergy and gaseous energy
 

equipment is still in regular service.
 

Hydraulic enerpnr egulir'nt
 

produced by hydraulio energy 	nossloal
Spray nozzles 


Thtore are threo baiic p~~ttorn ohap~n / the falt fan, the solid cone and the 
21. 


pa-.tern for tsetse work are reflected
 hollow cone.. Tho limitations of the fia.: 


In a campaign

in the very few occasions5 on 	which it apposrs to have been used. 


Eclipse 1as-rayor was used fitted with a lanceagainst G. Pa~I2 s . 39), the 

that gave a fan-shaped spray 	 for treating the leaves and atems of plants along
 

firises with thrse nozzlen in that tho width of the

pnths. One difficulty which 


the nurface to be sprayed.
fan han to be orientated in order to cover 

ecssentially of
22. 	 Cone-shnpod sprtiys &troprodluced by o lawhich consist 


a vortex in the flow of
 
a swirl p"11tv with angl,'ed 6litti or holes which produce 

a or hollowfrci the orifice in the form 	 of solidinnecticide, cnunrin(-, it Lo i83o,;a 

hole in the core. 
cone of spray deponding on the prooaence or absence of a central 

' : ' : >r!t ' 

"° <:oii ')- % ":'E) : ':: ! :- ! 


.'' ra "/ . : : 44Z;Y 44.: LS 7::: ;•, 44 *'4'/ , ' ,4I~ :};: in 	tsetse control is'uncertain.Whother the nolid cono no'.le hts ever boon used 

constant or
23. Tho hollow ccne t-;pray 	 nozzle is in Foneral use and either a 

For the forner, the actual dimensions are

variable 3pray width can be produced. 

size of the nozzle disc orifice
determined by thn denign of thi, swirl core, the 

and the operating presnuro. Thei practical limitations of these nozzles is that 

the position of the-nozzle,when spraying tree trun1ks or 	individual branches, 

be constantly adjurited to ensure
in relation to the surface being sprayed, must 


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

Accurate and therefore lens wasteful application can be achieved by a
214. 

skilled operator using a impray lance (nonet'.nes referred to as "gun")emitting
 

of spray whose nhape cni be instantly adjusted to fit the widthi'of the
 a cone 


object being treated. This cRan be achieved by altering the length of the
 

width of the eerie, at a givenl pressure is inverslyswirl chamber. The angular 

proportional to the length of the chamber between the swirl block and orifice 

by adjucting the distance between4disc. Alternatively wntos-	 cnn be avoided 

i tCL12SE SPIRA'1A'RS . ,%zwling-s -ioad, S7ncthwick, WA1RLEY, 1West Iadlands B67 5A3, 
United Kingdom ,* I 

; > }
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the nozzle and the target surface but this-may necessitate moving the nol.e 

more rapidly when close to the surface.
 

.pray lance. 

25. Two types of Spray lance are in general 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_ h 

shape of cone is adjusted from the handle by means of a control rod inside the 

lance. 

Shut off valve models.
 

26. These consist of a trigger operated, instantaneous, shut-off valve which
 

with tube and nozzle form the lance assembly. To produce a constant shape cone,
 

the noi.nle assembly containo a swirl cone, an orifice disc and 
a screw retaining.
 

cap. The shnpe of the core produced, for a given pressure, is related to both
 

the design of the swirl plate and the size of the orifice in the disc. Variable
 

cone nozzles consist of a nozzle body, attached to the end of the lance by means
 

of an adaptor. Variations in the ,shape of the cone are produced by altering
 

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

unscrewing the cap. Leakage of insecticide down the lance from the nozzle is
 

prevented by an '0' ring, immediately above the threaded portion of the body.
 

27. The CP 601 spray iin has been used in some countries. This consists of
 

trigger operated shut-off valve, with a brass body, a plated steel trigger,
 

a brass tube, 58.5 cms in length with a 450 bend near the end and a single cone
 

sprny nozzle no. 520/P. The nozzle hai a plastic swirl core, of which only one
 

model in available, a strinless steel nozzle disc and a plastic nozzle cap. 
 3ix
 

different orifice sizes tre 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. Also in this catngcory is the Stoprex spray - This has a thumb trigger, 

in contrast to the modelo previously described, all of which have a four finger
 

. trigger for operating the shut-off valve. The lance and constant-shape cone
 

nozzle assembly arc h.:cer similar to those of the CP6O1 but the Rex Variable
 

2 Ccc,)-rr Pc,'1etr Ltdi. Hurgeas Hill, Sussex RH15 9LA. 'Unitod Kingdom.
 
3 Dorthoud, 48 Rue Viotor Hugo, 69002 Bellville-Sur-Saone (Rhon*)Franoe.
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Noszle 4 in of a differentesign. Variations in swirl chamber length are made 

by rotating a collar to which t'e same stainless steel orifice disc and plastic 

nozzle cap as those used for hollow cor.es are fitted. 

Control red w dels 
29. Spray guns of this type are intended fcr use in situations where frequent
 

and often rapid changes in the width of the spray pattern are necessary, e.g.
 

whden treating the trunks of different trees and the underside of branches at
 

varying distances from the operr.tor. As with the variable cone nozzles described
 

above, pattern shape is changed by altering the length of the swirl chamber. The
 

disc is fixed but movernt of the core is achieved by the control rod. The CP700
 

Spray Gun5 , in one example of tnis model wlich has been extensively used in
 

Uganda, but is no longer available.
 

30. A somewhat different mechanism for adjusting cone share is fcund in the 

GunJet No 12 and No 146 spray lances whoce use in Botswana has been reported (3). 

The essential difference botwe(en these and the No. 700 is that changes in the 

nwirl chamber are made by rotatir.g the ccn:rol rod. On rotating the handle the 

swirl chamber is progroosivoly oened and 6nray is emitted, at first in the form 

of a short broand cone. As thin movement is continued the cone becomes progressively 

lon:er and narrower until wher, a co'nplete circle has beer. turned and the swirl 

chamber is fully open and the st-rny is om!'t as A solid strean. "he cone 

dimonnlons are relntnd to opor tir-g pren,;re and orifice size und two types of 

fitting may be used for producinF hollow c--'s. Ono is a atainleen steel disc, 

intended-for the higher retes of anpplicaticr., while for lower outputa the disc 

can be replaced by a ConeJot spray tip , of which ten sizes are available.
 

31. Ayiother lance in which the spray cone is adjusted by means of a trigger

operated control rod has teeo urnd with a Platz vehicle mounted sprayer in Zambia. 

The output of each lance is cc:rtrolled by the Lsanuz.1 onaration of the trigger 

:-d can be varied between a very fine cone aprr y an a solid jet (37). The 

maximum output (from one lance) is about 4 1per minute with a 2mm disc orifice 

and 2.18 per minute with a 1.5 mm disc orifice. The maximum throw is about 15m 

in still conditions. 

4 Perthoud. 1,3 Rua Victor lugo, 69 Bellville-Sur-,Saone (Rhone) Francs. 

! Coopor :1,l,:lor LlraLrd, ;urgssa HIll, Sussex, RH15 9LA, United Yingdom. 
1.,7 .r.; , Syot,,.:o. "o., Schma.e Reoad, Wheaton, Illinois 60187, U.S.A. 



linnd operated machines 

?.In contrant to the extenmive tite maide of hand compression sprayers few 

type, which ar" ligh)ter but n 
orenanimationa have lldopte~i the lavoi-c i'ritto-d 


fitted, eeo ~I14'ral~le variation.
 
robust. Unletn A prorsIurfl rojulatiflg ,Id,'vie in 


rate can occur bncniiae of' cb.%tigen in lever operation, which in affected

in output 


more tiring
nlao found continuous pumping~by opoprator fatigue. Operators have 

than the periodic pumping of comprasiofl sprayers and 
a further disadvantage is
 

both hands freely to gain access to difficult places
that they are unable to u~o 

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

being required for pumping. 

ProF,5ure-retaifinr comprennion sprayers.
 

they maintainmade of thone machines, becauae3 Extensive ine hns bnen 


prenure, and coneeneftly less effort ia required to operAte them then non,

aluo reduce's thol
The hi1 .-h operating pressure
presourn retaining sprayora. 


;y marit
can be rapidly charged
tentioncy to blockages. TM.i typo of' spra~yer 

+ : +' . y,? .. : . / , :: . : 
- .F ,,-:: ' -, , " ' • : • L, : ' :.- * . 
: : :- : = . <
• + ,. 	 pressure after t)huf tpray hau boon 

, 

of a detachable pump nnd miaintins PAir 


loss is prevented by a floating~ ball valve.

dirchargt-d; further prenrure 

in anti-tsetse ope~rations, each tising,
* 	 Two typen of Colibri are still used 


hand

of chrge pump. The Leo-Colibri 9 has its own detachable 

n different type 


a large ranual
are chargcdby means of 
pump, wherens the Favori-Colibri 10 achines 


Thin can
several machines sirultancously.
or motorined pump whi-.ch can charge 

in close
 
be time Baving especially where operators are working 

near tracks (29) or 


proximity to each other, e.r. when troiitinF narrow zones of riverine forest (64).
 

feature of Colibri equipmentp-,;;i, in anotheor favouriablaThe detachable 

the weight and cor:.equently operator fatij.-ue, a matter of 
because it reduces 


essential. In
 
nomo importance in highy selective operations where accuracy is 


is
 
Ugnnda, where the Leo-Colibri is still in service, each sprayer operator 


a charge

accomptanied by a porter carryin~g both a reserve supply 

of insecticide and 


by a single rA2omanual 
pump. In Nigeria, a group of aprayors, are serviced 


also in the Central African
The Colibri has been usedFaiColibri hand pump. 

8, 9, 10 Verviorol of Production.-Out 




12 Non-premsure retaining sprayers 

rNon-pressure
.3. retaining sprayers have beon widely 4aed, often in preference to 

prpnure retaining sprayers. This has been due to their lower coat, the non

availability of 	suitable prenGure retaining models and the need to ,tock fower spare 

part.
 

35. 	 "Som. of the first insecticide trials in Ugandg were carried out with a Kent
 
~sprayer..~ In~he~(38) .. 1
 

Intepat, this. sprayer, has -seen bricf.L.service, in-Eastk West (29,76)en 

CentrAl Africa (32), but no reference has been found as to the model preferred. Three
 

have been in production for many years, with maximum working capacities of 4.5, 9 and 

13.6 1. The pump cylinder is of brass, tinned inside.to prevent corrosion anld is
 

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

36. Another non-prensure rotaining machine is the Warley12 , which is very similar to
 

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

it wan replaced by the Leo-Colibri, before large scale spraying operations gotunder
 

way, but itti use in othor courtries is referrnd to by several authors (39,78,81). Like 

the Kent, there 	are three si:.oa of Warley sprnyers of similar working capacitioon. 

37. Whon the Leo-Colibri went out of production, a suitable preosure-retaininrg
 

alternative could not be found .. However, in both Uganda and Nigeria, the CP0113
 

wan then inod, based on a Gloria14 machino with the same number. As with all non

pronnure retaining sprayers, the pump remains in the machine while spraying is in
 

progress. Like 	the Kent and Warley it was filled through an opening in the top of
 

the cylinder provided for this purpose and closed with a plug. In its commercially
 

available form the CP 201 was found to be much less comfcrtable to carry than the Leo-,
 

Colibri. Its extra woirht wn3 a factor but the low position of the upper slinr, swivel
 

support band an near the top of the tank as its curvature allowed. The commercial life
 

of this sprayer was however rhort and by 1971 it had been replaced by the CP I4815.
 

38. The tank of the CP 148 is of stainless steel and the greater resistance to
 

corrosion of this rmnterial may be an asset, although with proper care the corrosion
 

of bra" tanks is negligibl.LC 

11 Four Oaks Spraying Machine Ce Ltd. Four Oaks, Sutton Coldfield, Warwicks, UK. 

12 Eclipse Sprayors Ltd. Rawlings Road, 8mothwick, Warley, Worcs., United Kingdom. 

14. Glor;,.-,:ro I'% 	 r
109, 4724 Waderisch-i-Westf., West Germany. 


1305 Cooper Poi;lcr Limited, Burgss Hill, Sussex, RH15 9LA, England. 
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strength and the thinner sheet 
Tho tank (13.6 1 capacity) provides greater tensile 

How well these thinner walls stand up to the
 S metal reducesits weight (7.4 kg) 


f~lls which inevitably occur when treating vegetation on a rugged 
terrain, remains
 

have
 
Unlike any of the machines referred to above, the 

CP 148 does not 

to be seen. 


Instead, the pump is removed and insecticide 
is poured
 

a separate filling opening. 


This is.
 
in through that opening, with the aid of the fairly 

large plastic funnel. 


firmly attached to the ;.achine and is extended to su.rround and protect both 	the
 

afetv
-- pressure gaugeand th 

Other model@ with smaller tank capacities 
which have been used in African
 

39. 


, the Galeasi (10 and 12 1) and the 
are the Yuratori (10)
countries (33,3 4 

which also proved r tisfactory.Hudson x pert 


A choice of either diaphragrm puzp or 
piston pump models such as the Cosmos

18
 

40. 


is available and both have been utilised for 
spraying operations. There is one
 

models have been used in
 
published record of the latter type (103, though these 

Zambia. The Cosmos, has a stainless steel, 16 1 capacity, tank but the pump,
 

which includes a paddle agitator, is of polyamid plastic.
 

1 9 (21), han a putp

.i,. In contrastto,ot!-.er lever-operated machines, the Kestrel


fitted to the outside of the tank. 

which is now in service in Zambia and
 
42. 	 A very different machine it the CP 3 


a working

Uganda having replaced the Polyclir'1. The polypropylene plastic body hiz 


it is a pump which is basically of the dia
1 and innuntod underneathcapacity of .18 

type but the urpor diap.-ragn support has been so designed that it acts as e. 
phram 

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

one piece with the pup body.
 

Prossure regulators. 

figures
* 43. Few nathorB refer to the work'ing pressures used when spraying, and the 

quoted aro vriable (73,85). C',bn 'J. fitting of a conrtnnt proesure device is to be 

(16) 
on/off tap to the outlet valve is necoesfrry so 

that faults
 
recommended/ an 


Pressure regula
in the machine can be rectified without loss of spray 

liquid. 


tore were once used extennively in Nigeria but were 
later dispensed with
 

16 Xanufaoturvr vl'cnevz 
17 Firnsa PiOLO W'.1,tZZI p Roma Italy 

Chioel Iinois, 0611, USACt154 7'..t A i St., 
llo-Sr- ono (Rhone), France. 

17 H.-D Hudson k: ,nCo., 
S.. i8 Berthoud, 69 4 

Allman Patents Ltd. BirThnm Rd. Chichester, Sussex 
S9 ++.rA -inc Co Ltd., 

*TUnited ,ingdomrP020 

1't'ri~a Hill, Sussex, flH15 9LA, United Kingdom
20.21 Cooper Pagler Ltd. 
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because spray deposit was more effectively controL2d visually by the operators. 

A simple alternative to the pressure control valve is the disc flow regulator 

which hnR been incorporated in some sprayers. 

Motorised machines 

44. The use of a small motorised pump is referred to in an account of spraying
 

* 	 . orerations along~ the Ma1lawa river on the UgandaiAenya border in 1956 (8a. This 

-- yp ofpm aaur-rmsdinghy-and-wAs capal -otrwn aibejt f 

sprny to 	a distance of 8 m. It is believed that the 700 model spray guns were used 
() 

in conjunction with the pump iind more recently, the banks of the sfne river were 

sprayed tarain from a bont. Tho insecticide was applied with similar guns but was 

supplied from a different type of motorised sprayer. This sprayer consisted of 

a high-preniure diaphrn(gm pump, powered via a reduction gear by a 4-3troke petrol 

engine. Two deliv-y hose,3 wo're attached ond an adjustable rcegulating valve gave 

a range of pressu~res. from 10 to 30 kir/cmn 

45 . In ,,-%mbin tho uso of po-'wered pump:3 hns been the standard practice since 

.Thelnrpe.-acnlt. erndirnt ion campai -rswere imrperent.d. equipment employed vaz; 

a Pliatz niprny uni L rountted onir, o r: O.! 41 tractor. The un-it connins of 

a 3-11tae piieton purnp drivcn ::-a pto rlinft. Inroeticida was 6uppli~d from an 

POO I taink mouintvd on the vehi,:io and wits delivered through two ho! en at a consant 

presuure of 30 kF/cni" to a pair of lances. Those were held by two operators 

sitting on swivel seats at the back of th.e loading platform but in rough conditions 

they walk alongside the vehicle (20,36,37). -This type of equipm--nt is, in comparison 

to mannual methods relatively expesnsive and wasteful (81) and its likely to be replaced 

by knapsack vprayeru. 

Gn!iroun 	 vne'r y ecuii'rwnt 

?4otoiisod knapnnck mistblowers.
 

46t. These are used in most countries where tsetse control is practised. The
 

model currently in use in Tanziinia isthe Motoblo Super 7022 which closely 

renombles tho Solo-PorL O.Ci . floth are equipped with 70 cc two-stroke engines, 

mad ION invaetioide tanka, 
22 Kent Engifl#*iUs nnd Foundry Ltd. Tovil, Maidstone, Kent, United Kingdomn. 

23 S5olo Kleinmotorar, CN!M, 7034 Maichingen bei Stuttgart, Postfach 20 It W. 



od in Tanzanla since the early 1960's (21).Motoblo apray erm have been t's

Both the 60,and 90 models were Also in use in Nigeria at about the sen. time. 

and easier to
The model 60 was preferred to the latter because it,,waa lighter 

machines have been described (77,991
handle. Further spraying operations with these 

i oh t now out of yroduation.
but they have since been replaced by the CP 4024, 


In spite of ito nm.aillor and 	somewhat unreliable engine, the CP 40 proved

47. 


:: LL:-77t'o:be areasonably, e ffective -machine. 7The:plasti 	 -=insec ticide- tank has a :c apacityi 

of 10 1 and in Nigeria it proved effective for spraying persistent 
insecticides
 

in swamp forest (66). 

A number of modifications were made to the C P 40, the most important 
being' 

the replacement of the thin plastic Mir-hose with a fabric-coated 
rubber hcre, 

*ue to the plastic hose being very prone to perforation by thorns. This resulted 

a consequent declino in the opray penetration.in appreciable air loss and 


and they have been employed
48. 	 Three KWH 77 i2 mnchinen were used in Uganda, 

mistblowers have also beenertennively elsewhere (67,100). Motorised knapsack 

have remained in service
employed in Rhodesia (32, 90) but how long they 

in not known. 

' . , " , -, ' 

Contrifu,n Pnncrjv-,y ip~ 

in control operations (93)
49. The only record of equipmont of this type used 

Briefly this consists of a 	large centrifuigal fan, powered
refers to tho MEG2 6 . 

At the exit of the, fan housing there

by a IW0 cc air-cooled 4-sttroko engine. 

is an wrofoil section containing a propellor which, powered by the air flow, 

Insecticide is fed into this 
rotates a wire cage at spoeds of up to 20,000 rpm. 


cage through a nozzle and is emitted as small droplets which are carried away in
 

the air blast.
 

50. 	 Another type, the UIVA 2 7 is a light-weight portable rotary atomiser. 

to a nozzle in the centre of an atomizer consistingInsecticide is gravity fed 


of two stacked corrurnted ,lnntic dincs with serrated edges. Thnse are rotated
 

o: up :n '., r; b" a small 7 wntt electric motor, 	 powered by a 12
tit -Predai 

RH15 91,A, United Kingdom24 Coopor Pvglcr Ltd,, Conners Ii~l Sunnex, 

ZF' XWH Wvslwi i Holland 1V,. Wndeoijan-?72,0, Poatbun 47, Bommolweg 63. 

Z6 Mioron BpTNyers Limited 	 - Out of production. 
27'Miowoli Spre~crm Ltd.t Three Mills, Bromyard, Horefordahire, United Kingdom 
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volt battery. Extensive use is being made o: the ULVA in crop protection work
 

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

Smoke renerntors
 

51. Some small scale control operations were carried out with smoke generators
 
(20,47),
 

arinat G. ppnflir (C. fun,-ip,:;) in Uganda/ but accurate dispersal of smoke under
 

varying weather conditions was difficult. Efforts have been made to ovqrcome
 

these problems but this technique has not been used extensively.
 

Thermal foggers.
 

52. Field trials with the Todd Insecticidal Fog Applioator 2 8 (TIFA), and 

Its use in' the treatment of *L.ll pookust of toetse have been reported (36, 

47, 94). The Swingfog29 has also been used (22, 23, 31, 62), and larger 

versions of this machine such as the SKI0030 are available for vehiole 

mount ing. 

Aeronol d 'pn:.'.r 

53. A prohlri in tny trietse control operation i, the prevention of re-infestation 

and an esrentiii nr.pect of protective measures is the deflying of traffic by
 

pickets. Tvetne flies which are carried by pedestrians, cyclists and private cars
 

can be caught with netn but this method is impractical for dealing with numerous
 

flies which can be carried by a single lorry. In Uganda, small hand-operated
 

spryera Lire infiued to pickets and both ga!,oous and hydraulic energy models have
 

been tried. The former, which are invariably cheap, insubstantial and intended
 

for household use, are unecono-ic because of their short working life and inefficient 

bepause of the wide variation of droplet sizes produced. 

Good quality hydraulic inergy models such as the 2180 are more satisfactory. 

Tnge are intended for indoor ie, but could he used in garage-type buildinge 

erected at road pickets where lorries are treated.
 

?nA Tifa Limited, Cork Lubbock House, Waterside, Mainddone, Kont,United Kingdom 
29,y Jaydon Engineering Co Ltd. Beacon House, 28 Worple Rd, London SW19 4EE. 

Y- Ernest H. Hill Ltd, Beta Works, Fitzwilliam Street, Sheffield, United Kingdom 



541ection of equirment ITS 

54. The diversity of types of spraying machines utilised in tsetse eradication
 

work is largely attributable to the diversity of habitats occupied, not just by
 

the genus as a whole but by individual species. Ground spraying techniques have
 

also been developed more or less independently in the countries where control is
 

\practi sd in a variety of ecological circumstances. Consequently a variety of
 

local factors have influenced the choice of equipment. The selection of machines
 

is related to their spraying efficiency, cost, ease of handling, mechanical
 

reliability, maintenance and availability of spares. Although tsetse control
 

organieations carry out trials with different insecticides or formulations there
 

3a rarely any mention of comparative trials of different spraying machines.
 

55. Similar savanna wooiland habitats of G. rorsitnns have been treated with
 

spray guns and pressure retaining comrression sprayers in Uganda and by motorised
 

knapsack mietblowers in Tanzania. In Uganda, persistent insecticides have been
 

successfully applied in tqetse resting sites with a 700 spray gun. When treating
 

savanna woodland and forest communities where the undergrowth is not too dense
 

to pass on foot, or where access could be provided with a minimum of path cut

ting, a compression sprayer (preferably a pressure-retaining typo) adapted for
 

use with a spray gun has -:oved to be mort practical.. A pressure control valve
 

is fitted to enbure even e.mirsion and this in suitable for spraying trunks up
 

to 3.5 m in height from a distance of 4 m. A much greater reach is often
 

necessary when treating G. fu.cines infestcd vegetation from a boat. In such
 

circumstances, a compronion sprayer is inadequate but a small portable, engine

driven, high pressure dibphr,--,n pump in used. With a motorised pump it is also
 

possible to use an insecticide container with a much larger capacity than a
 

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

56. When dealing with thicketed or cwamp forest habitats, access lanes are a
 

costly item. Coate can be reduced by using suitable spray jets or motorized
 

mistblowers which give better penetration in these situations.
 



AF;,uIAL APPLICATION I~~N 

57. 	 The use of inflectIciden has for some time been the accepted and main
 

no in tho
nmthod of controllinr tttlo flira and thin is likely to remnir 


Srioreeabla future. Rviidupl troatm'ntn of persistent inoacticides (e.g. DDT 

and tlieldrin) hnve been ;,d both anlactively and discriminatively by ground 

iprnying methods. Hlowever, airaipraylng techniques have developed appreciably 

over the last few yearo, certainly to an extent where tho use of aircraft to 

apply insecticides in ontl-tnetse oporditions has progressed beyond the experi

mental stage. Am ftar n the future is concerned, it seems likely that-.emphsia 

will be placed on the u:;o of aircraft irn rniny areas which are infested with flies
 

and it seems prohahle t',-t any la'go scale control programmes will contain a 

significantly large neriil input. 

58. The principle re,, cn for tho c)Loice of aircraft is the relative ense with 

which lairge scale operi;ion,, can b - carried ot in comparison to 	spraing from 

t)ie roijnd and also few,'" train,,d ;4,irequired. Aircraft are 	able to apply 

elray to tnetne hnbitlt, wl' ich kar i-,(,caenr,ible from the ground 	 and thin either 

tokoti the form of pl,'c.: th.! rI.;id11 t,,po:.ixtn in specific siten or by space 

niaruaviiig a wide arps. *,.v'inl &pplicrtionn of insecticiden re likely to produce 

more general environmen nnl contkni:.,:.-on than ground spraying, except that much 

lnwer dosage rates aree infod, and th -rofore it in essential to incorpor '- ambient 

oirtipraylng programne. (para. ),
penticide monitorin, in ,ny operat aml 	 4 

59. Application tochAqu.os by fired wing aircraft and helicopters have now
 

rencha'd the stnso, of 6.'-elnrm1.nt such that suitable equipment is available to meet
 

mart. tnetne control rnoru' rementn. ln::y 2aroe scale pr0grnmns to control tsetse
 

fien are now based on norlal npplication of insecticides and although they often
 

Involve a high financiol commitment -orial opraying may be lems expensive than 

ground spraying in ter,,. of unit are-A covw-red, depending on the insecticide selected 

and the amount of grounl por unit itr,-a. Thina is partly accounted for by the need 

for f:wer porsonnel and lepro loLi,itic support in aerial operations than ground 

' the ope. .ati-nal.i...r. Euwaver, there are often 

die.;ultiau in exeoutr. b." of th to aservice mda, necessity 
ras;ir &o;hi&tic4atei w. -1:t I r' Etd and to ahaere. strictly to a sc.4dulse 
of sequential aptti~ 

http:6.'-elnrm1.nt
http:tochAqu.os
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of nir.-rvnr teclriiqueaTrhe develoentt 

UO. Research on app',ication 	 of insecticides from aircraft for taetse control 

a,i difforent methoda. T'hese methoda are hors
hats prorrealsed by two dlr-t ikict 

tr1t;,r andt "residual trontmontfl". Although the 
rq'frret to ni llnon--l~ii 

50 years ago ( i ), for 
use of aircraft in ngriculture had its beginnings more than 

have been in use for almost 
tsetse control, non-renidual airspray treatments 

N0 years and residual airspray~ing about 8 years. 

of very small" .. on-reidhal:.rtre.ts-rely..onisequential,.applcations 

:droplets of a relatively concentrated inecticide, dispersed 
widely in savar.na 

* 

woodland areas with the objective of applying spray droplets which 
will come into 

or in their resting sites (45)- This 
contact with tsetse flies either in fIlight 


Residual
 
method has been used e\tennively in Eastern, Central and Southern 

Africa. 


as an extension to the
 
oprIying treatments fr,;. 	aircraft have been developed 


traditional ground techniques and aii-ptcd to aerial spraying of persistent
 

These have been
 
ircticides to specific targets where tsetse are known to rest. 


particularly suited to tsetse control in riverine vegetation, ecotones and
 

drainage lines in West African conditions, especially where the tsetse 
habitat
 

during the dry season.is restricted 

techniques.Non-residual sprayinfg 

61. 	 Aerial operations to contral tsetse fly began shortly after the second
 

fitted with extension tubes
 world war in South Afr4,'a, where Ant;on aircraft were 

used to apply 5% solutions
nttached to their exhnu:;t stubs. Those devices were 

of DIUP (102) to fly infw.t ed regior.,; of Zululand. At about the same time in 

)a.;t Africa, work comm.nced on exncrimontal progrmne of aerial spraying to study 

(para 2) . Work was carried out on an m,thods of controlling tsetne fly 

experimental basis and involved studies of insecticide formulations 
and spraying
 

Early

techniques with upport inr physiocho.mical and biological assessments. 

with war service aircraft fitted with crude devicesexperiments were carrioI c.ut 


e.g,. open pipes and thermalexhnust units which were used for the production of
 

fine sprays and coarse aero.-ols (52,53,54).
 

control of Ily but research continued
62. 	 Trials wilre in,'1.-'ctivo in achieving 

improving application techniquen, spray dispersnl 
equipment

t',roughout the years in 


http:savar.na
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an~d insecticide formulations. Eventually improved fly control was achieved, 

but only at high costa ( 56. The dmvlopesnt 'of an inproyed 

thermal exhaust device fitted to a Ceson& 182 aircraft which was capable of 

proiucing good aerosol characteristics (7Q~ was used to apply dieldrin and iaobenzmn 

(17) which gave very satisfactory control of tastae flits at reduced cost. In
 

196'., endosulfan was introduced'5or the first time and this experiment was shown
 

to reduce costs appreciably (51).
 

aircraft control 

flies by non-residual spray methods and laid down the foundation of techniques 

which have developed over the last few years in Central and Southern Africa. In 

1967, an airapray experiment was carried out to control taetae fly in SW Baroteeland 

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 )cm2 (81). 

The techniques have boen further refined in Botswana 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, 71) 

63. These experiments pioneered the use o*A' for the of tsetse 

Residual spraying tochnirtues. 

64. Trials were coarrind out in Kenya (4 , 7Z using an ex~crimental formulat ion 

of dieldrin appliod byiht-licopter (Boll 47G) and fixed-wing aircraft (Piper 

Prineeu 235) to control C. r'lcio.The insecticide was formulated as an 

invert emulsion and was applied from a Bi- Florn' 2 device. Spraying by helicopter 

proved to be prohibitive because of the high operational cost but trials were
 

continued using a fixad-wing aircraft. The insecticide applied by this method
 

was shown to penetrate the canopy and produce toxic deposits in the underatorey
 

thicket. A aproaying tecl.niquo was dovelopod which consisted of applying a swath
 

at irntervals of 54m acrotza the thicket and this proved to be effective in
 

controlling fly ior at loaot 8 months.
 

65. In West Africa~ , dioldrin anC2 HOCfas e~rulsion cocncrtrate formulations
 

have been applied prirnar _ly to clear riv,!rina vegetation of G. tachinoieen (92).
 

Two applications at throe wookly intervails were made from a Bell Helicopter
 

3?. Thl Iriternation,i cl Co 'td., Lon~don, England. 
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(33, 34) 

(47G-4A 280 HP) fitted with boom and nozzle eluipmen/ These areas have remained
 

fly free for over 4 yearn. In 1971, discriminative spraying of dieldrin to
 

vegetation usually sprayed from the -round wan carried out in the Northern
 

Guinea Savanna Zone (NG: .) of Nigeria (91). The nren sprayed con:.isted of
 

riverine vegetation, Inob'erlinia woodland and ecotones around hills and in the
 

sub-plains (74). A 20) dieldrin EC was applied at the rate of 1.5 to 2.0 kg/ha
 

and, with isolated exceptions where fly pockets were missed, these areas have
 

remained fly free for over 3 years. During 1972 spraying trials in the NGSZ,
 

a helicopter fitted with boom and nozzle equipment was successful in controlling
 

G. morsitnns for several months using ULV formulations at 0.5 kg/ha and 1.5 kp/ha
 

35'

of dieldrin and endosulf an respectively. Subsequently trials using eight Ulva 

electrically operated rotary atomiscrs mounted on the boom of the helicopter 

indicated that fly was ccntrolled ani exterminated at 0.64 Kg/ha and 0.8 kg/ha with 

ULV formulations of dieldrin and endoaulfan respectively to about I% of ihe infetei. 
area.(25).
 

!:qiprP.nt, for non-re .iduw. insecticide treml er.ts 

Open pipe
 

66. The first trialt; carried out ir. -ast Africa employed an Avro-Ansoit XIX
 

aircraft fitted with four sTrny tank.; havirn1 a total capacity of about 0
&;) 


Spray liquid was emitted under gravity from two wide pipes which extended about
 

35 cm. below the fuselage of the aircraft. Emission rate could be adjusted by
 

an Iris diaphraoi which was situated at the end of each pipe. Adjustments
 

were imade by the pilot o:i the cockpit durin;7 the flight and s-ray atcmisn'.ion
 

was achieved by the action :,f the slip stream which broke up the jet of "iquid
 

into spray droplets as it was emitted from the pipe. It was not surprising
 

that the droplet spectrum from this rruther crude device was fairly wide and
 

the unit waa subsequently discontinued.
 

33 o';ren.non Aircraft Co., Dox 264, Worthington, Minnesota, U.S.A.
 

34 Simplex Manufacturing Co., 5224 Nort;/East 42nd Av., Portland Oregon 97218, U.S.A. 

35 Micron Sprayera Ltd., Three Xills, Bromyard, Herefordshire, l(. 
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Thermal Exhaust.
 

67. One of the first devices to be used for the production of aerosol droplets 

was fitted to an Avro-Anson XIX aircraft (42). The coarse aerosol was produced 

by allowins the solution to flow into a modified exhaust system. The solution 

flowed through a narrow pi7! 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 exhaunt tubes 10 cm in diameter, and was finally emitted 

vertically downwards into the slip strearm about 30 cm below the trailing edge 

of the wing. The installation was based upon a design used for similar work 

against tsetse flies in South Africa. 

68. In 1962, renearch wi:i reopened to develop thermal exhaust units for aerosol 

production to enable studi:ie to contiA:L on aerial applications of insecticides 

for tsetse control. A devi-e wts develop)ed for a Cessna 182 and this consisted 

of an Inconel tube 45.7 cm .n lvngth and 74.6 =. 'n diameter which was secured
 

to the exhaust stub of the aircraft (70). The spray liquid was fad into the
 

exhaust extension throulh n rotering 'et located outside the exhaust system. 

Another device conmisted o!' fitting extor ions to twin exhaust pipes, the
 

extensionn being ? slightly cu'vod atninici stoe'pipos 5.1 cm in diumeter and 

approximately 61 cr in leni:h. A 340 1 1or'nsorf spriky tnk was fitted below 

the funelngm of the nircraff arnd the system incorporated a 3-blidad fan-driven 

Simplex centrifugul pu.- ( c.' The flow liquid was controlled by twocm). ot 


diaphrarm check valveE eaci; fitted with a utrainer and a D4 orifice disc. The
 

liquid then flowed through . copper tuben 0.32 cm internal diameter to the 

out' ports of the extension pipes. The point of entry into the extension
 

was 20 cm below the manifold, where the tempera.ure waa o3timated to be 550 C.
 

Thermal exhaust units are cu~rrently in une in Zambia with the parastatal
 

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

aircraft with Sorenson external tanks of 360 1 capacity.
 

.6 Spraying Systems Co. 32O1 RiL Street, Bellwood, IL 60104, U.S.A. 
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notary atomisera (air driv.n). 

17 
t,'. Micron:nir hehn |r'ti,4'ed it number of retary atomeiorI over the litrt few 

hilvo 11-V %inod on A .. 1ry (i itrralt.I ,MPry'nars and theno at om ir, n vnrOfl Ai' 

post control operAtioV3: throughout the world. The physical chAracterlittics
 

of the spray emitted from the rotary* atomisers, are dctermined by the liquid
 

throughput and the speed of rotation but the droplet spectrum achieved is more
 

uniform than hydraulic spray nozzles. The units are driven by a 6-bladed
 

windmill, whosq blade ang.le and therefore apqeS3 of rotation can be adjusted
 

between flights. Micronair equipment is uned mainly for the ULV.application
 

of mists for the control of insects and diseases in crop protection and can be
 

modified to produce aerosois in the rangFe of 10-40 microns in -ditieter ay-pIfed
 

from small single-engined aircraft (69), provided that the insecticide solution
 

i.n fairly volatile (pars. 18). The latest unit to be mar.ufactured in this 

aierieo is the AU500( Ylcrcnair rotary atominer and this ha5 reoently undiergone 

trials in Botswana fit tvd to twin aircraft to control tsetse fly. ThisanireJ 

ha,; a smaller diamter c,4-,o (12.7 ci) than previous mcdels and .hen fitted to a 

Piper Aztec spraying at a speed of 260 km/h gave droplets of approximately 

25-30P vmd using insecticide solutions containing diesoline and She.l4ol AB
 

(71).
 

Hydraulic Spray Nozzle,,;. 

70. In Tanzania, a I~cale Husky D5/18( single engined aircraft fitted with 

fo.%ir nozz2es has been uned for tnet.xe control. The no:zzles are locaten 'ench 

lift ctrut and wing tip, i.nd are fitted with D2/25 orifico, and strainort;. The 

total throughput is -; roximately 2.7 I/min, the reported droplet size 

40-8CIi and a swath width of 90m is employed for a spraying speed of 175 km/h. A 20% 

formulation of endosulfan in oil is used at a nominal dosage rate of 12 i1,m 

370 licrcrnnir (Aerial) Limited, Be.bridge Fort, Sandown, Isle of Wight, L1.
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In general these airspray operations hay2 prcved satisfactory but the very small 

pay load of the aircraft makes it difficult to treat large areas. Five applications 

are made at 3 weekly intervanl. The aircraft in not fitted with an automatic 

navigation aid and therefore ground marking i vital. Unsatisfactory marking 

has led to errors in several instances and it i suggested that automatic 

nnvigational guidance systems would obviate many of these errors (para. 82). 

71. In recent years, other types of atomizing devices have been investigated 

(84), but at present the rotary atomizer principle appears most suitable for 

non-residual insecticide application. 

Enuipmen, for residual innecticidal trentments
 

Bi-Flon apparatus
 

72. The Bi-Flon apparat.un was designed specifically for the application of 

penticides formulated nieinvort emulsions. Invert emulsions are produced when 

invert oils are rixed in wator, the oil phame becomes continuous and the water 

phnse dispersed. The greater rntio of water to oil, the more viscous the 

caulsion. The use of inver:n wcis designed to develop drift free sprayirg but 

the equipment and the rethod proved to be too complicated, and the practice 

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

which were carried out to control G.-r-ltdipen and C. brevipalpi_ in the Lambwe 

Valley , Konya, because it nay well have a bearing on future spray programmes 

using renidual insecticide formulations. Trials with a Bell 47G helicopter 

preved to be very'effective in producing appreciable reductions in fly numbers 

but tho technique w&s too exponsive and investigations were not pursued further 

(72). Trials were continued with fixed wing aircraft and efforts to cut the cost 

of reducing both innecticide and spraying time were successful. Studies were 

rnde to evaluate the effect of spraying at intervals of 54m and it was ahown that 

at least 6M of the area would have to be sprayed to achieve any satisfactory 

derree of fly control (4). 

http:apparat.un
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Boom and nozzle equipment. 


73. Residual spraying has been carried out in West Africa where helicopters 

have been in use to apply persistent deposits from the air in the Sudan savanna 

zone in Niger in 1969. An area mainly infested with G. tachinoiden in dense 

riverine forest were ,prayed twice with mixtures of DDT, dieldrin and hBHC in an 

emulsion concentrate using a Bell helicopter 47G-4A fitted with boom and nozzle 

equipment. In 1971, a trial covering 240 km2 in.the NGSZ in Nigeria wan carried 

out with the same helicopter fitted with two spray tanks, each of 100 1 capacity
 

fixed to the right and left sides of the engine. A rotary pump which was belt

driven from the engine was employed with 32 D3/25 nozzles at intervals of 50 cm.
 

Applications were made at speeds of 32-40 km/h spraying to within 1-2 m of the
 

canopy and this gave an effective swath o about 20 m. In larger broken areas 

of Inoberlinla woodl;;d, swaths were sprayed at intervals of 200 m. Only about
 

1% of the area was trc'nted according to the discriminative ground spraying 

tochnique developed earlier for ground spraying C1&. Dosage rates were reduced 

and techniques improved, and thina wan achieved by using fewer nozzles on the boom,
 

thereby reducing the liquid throul'hput. In 1972, 12 of these nozzles were used
 

to apply a ULV formulation of endosulfan in a vegetable oil. This ULV technique
 

enabled helicopter applications to be made more efficiently in terms of
 

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

Rotary atomisers (electrically powered)
 

74. During the period 1972-73, spraying techniques in Northern Nigeria were
 

further refined by empoylng modified Ulva atomiorn and 8 of these units to a
 

ell 47G helicopter. Throc wore 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 speed
 

of 9000 rpm. Liquid was carried from the boom through a reatrictor to the
 

atomisere and a constant flow was achieved. The system allowed for multiple and
 

single operation of the Atomlsers diuring the flight and the spray techniquen
 

ei;-!Gyad were similar to those uned in earlier trials. The helicopter flew at
 

25-32 km/h over dense riverino vegotation and 40-47 km/h over open Inoherlitin
 

•,;d we.oro ,pray :-i..*.j wv,,o made at intervals of 200 m. 
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73. In 197., an investigation wan carrini 3ut to study the penetration of
 

spray droplets when applied from electrically operated rotary atomisere 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 atomisera, which could be individually activated. These were attached at
 

intervals of 0.5 m along a centre and two outer booms having a combined span of
 

0.5 m. The 24V/60W atomisor motors gave a nominal rotation speed of 9000 rpm
 

unloaded. Spray droplet sizes depended on throughput and this could be altered
 

by changing the size and numLer of the liqui; ieed nozzles.
 

76. E'xperiments have iilro been carried out to study the effectiveness of
 

several ULV insecticides applied by helicopters to control G. palralis g.ablenis
 

and G. tachinoides in the area of the WO Onchocerciasis Control Programme in the
 

Volta River Basin (24). The helicopter used was a Bell 47G-4A, 305 HP with a
 

apeed 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 ased: 1 type produced
 

droplets between 20 and 30 P in diai.eter which were applied at a rate of 0.6 I/min
 

the other type, which hnd large apertures, produced droplets of 80-100 p diameter
 

at 1.2 I/mn. The helicopter flew at a constant height about 2 m above the
 

canopy; but it was necersnry for it to make side turns to follow the bends in
 

the water course. The powerful air current propelled downwards and backwards
 

by the rotor carried the insecticide, which assisted the penetration 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 oonducted for about
 

2 hours after sunrise
 

'vne of aircraft euitnble for anti-tsetse operations
 

77. Small single engine fixed wing aircraft are of limited use in tsetse control
 

operations except ponniblyyin the carrying out of experiments, where relatively
 

small areas need to be treated. In most instances, aircraft below 2500 kg 

r ir.. , have the range or weight carrying capabilitytke-of£.,'.t noL 

rosqu ",. u. pr,,;,-1.,-i,.i. It.. is probable that no single type of aircraft 
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,,d be suitable for largo Qee'. 
 tsetse control r":erammes and especially if a
 

rnnge of different 
 tactse hnhitnts require treating. Large, flat areas can be
 
a8atinfactorily sprayed 
 with medium and ponsibly large multi-engined aircraft
 

while small mountainous nrena, 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 winding riverine habitats are
 

treated more effectively by a light helicopter.'
 

78. In general, the smaller types of fixed wing aircraft used in tsetse control
 

operations should have good pay load and range characteristics, be easy to control
 

at low flying speeds 
cmd have good short take-off and landing (STOL) characteristics.
 

in addition, they should allow the pilot good forward and downward visibility and
 

be corrosion proofed nrnintthe effects of insecticide chemicais. Tsotse control
 

operations are often ciirried 
out in remote wooded areas where the opportunities
 

for making a safe emergency landing (e.g. in the event of engine failure) are
 

linAted. For this rennon, multi-engined aircraft should be used whenever
 

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

p.,rformance at maximum take-off weight 
 up to 2500 m density altitude. 

79. With helicoptf-n important considerations are the forward and downward
 

vinibility for the pilot and the manoeuverability of the aircraft. 
The helicopter
 

may be required to land in unprepared areas und a shielded tail rotor and high
 

lift skids are va Jable features. Any type of helicopter can be used in tsetse
 

control operations although machines with a maximum take-off weight in excess
 

of 1500 kg will probably be prohibitively expensive to operate.
 

PO. 
 Despite rising prices which have recently affected all aspects of pest
 

control throughout the world, airsprayinr conts for tsetse control have actually
 

decrenaed since techniques wore first developed. This is attributed to a number
 

or thinga but primarily, spraying equipment deaign, better insecticides and
 

-ved application techniques have all played a major role in reducing costs.
 

7mprovements in dispernal ,quipnent have resulted in more efficient spray
 

stomination which, as a consequence, has helped develop application techniques.
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Aircraft utilisation has increased as a result of extending swathe widths and 

hirh sprnying speodo. Coots have also been reduced because of bettor pesticides 

c,rh have boon discovered and C,,rmulated as concont*;otes in aromatic oils 

containinr hinher percentages of active ingredient than wan posuible 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 output data have been derived for various 

types of aircraft which are or may be used in taots control programes (83). 

Navigation aids
 

82. No ground markers are needed for helicopters in West Africa when treating
 

tsetse in areas such as clearly vimible drainage lines and vegetation inter

zonen. However, traditional methods of swath marking for aerial spraying in
 

tretse control operations over large woodli..,d areas have been in use for some 

Lime e.F. smoke fires, flags, balloons, marker bands, signal flares or lights. 

The development of tcetse control techniques using fast aircraft, flying longer 

spray runs, wider iw.the and night flying has made the development of more sophisticated 

navigational aids deoirable. Several types of airborne guidance systems are 

under investigation:

- One system is based on an airborne phase measuring device which measures the 

pha ;e difference between the radio emissions from two or more ground stations
 

(106). The equipment in essentially a refinement of the Decca Navigation aircraft
 

guidance system and has the disadvantage that ground transmitting stations are
 

required, sited at accurately mapped locations. Although easily portable ground
 

Atiotions are now availal'le, these may be difficult to site correctly in remote
 

- Another system consists of a sensor unit which measures the inertia changes 

induced by attitude and Acceleration changea in the aircraft during flight. The 

inertial navigation systems (iNS) is entirely self-contained within the aircraft 

iad no ground stations are required (7). The main disadvantage of INS in vector 

control operations using light aircraft in the cost and weight of the equipment,
 



and the fact that the system is difficult to adjust to flying reciprocal tracks.
 

Medium and lareor types of aircraft
 

can be fitted with highly accurate electronic navigation equipment (e.g. Doppler,
 

VLF) but ground markers are required to line up on approach and exit from
 

large blocks, especially when spray runs are many kilometers in length. 
In
 

addition, these aircraft may be equipped with instruments to allow flying at
 

night within close proximity to the woodland canopy. 
As weather conditions
 

at nig!ht 
are often suitable for insecticide applications from aircraft,
 

nocturnal tsetse control operations have been studied (61,71).
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PA'T I1. Ft, UV 1RJ71?4.NT'.rn 1 lN!;1l'TcTT1rl AND AIPPL.OATTON F t, 'Himtr 

INSECTICIDES 

1. Candidate compounds for tsetse control from commercial companies, 

research institutes and other sources should continue to be assessed for 

innocticidal activity in laboratory toots as a basis for selection for fie:d 

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

to tsetse flies but also existenoe of a / availability and cost, toxicoiuy 

and possible effects on non-target organisms. Some of these factors are listed
 

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

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

of 1g to 10g for laboratory testing, 1 kg to 100 kg for field trials, and in
 

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

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

2. ilighest priority should be given to field evaluation of the synthetic
 

pyrothroids, NRDC 143 and N14DC 161, which are outstanding in their toxicity to 

tnetao flies and their persistence in sprak, residues and could be used in both
 

aerial and ground spreya. NRDC 161 in the most potent insecticide known arninst 

many insects but also haa a high mammalian toxicity iith a site of action which 

differs from other pyrethroids. It is important therefore that further information 

should be obtained as soon as possible on hazards to other animals although it
 

r.iould also be noted that the very powerful insecticidal action means that it
 

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

3. The organophoephorus compounds and carbamates listed have good to 

moderate toxicities to the flies, as measured by topical application, and cnn
 

be divided into those which are likely to have a short term persistence only
 

(for example, fenthion, naled, bromophos, propoxur) and those which could have
 

n longer residual action (for example, azamethiphos, tetrachlorvinphos,
 

jodfenphon, bendiocar ). Bromophos from the former group and tetrachlorvinphoe
 

from the latter have already been examined in field trials and found to be not
 

very promising.
 

http:1RJ71?4.NT
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4. The susceptibility of different species and strains of tsetse to 

endosulfan and dieldrin and to representatives of other chemical classes tiat 

are likely to be usod in field operations should be measured in different Puis 

of Africa. Thin will provide C.uidanice for viiriations in dosages required i.d 

also bane-line data for a nystematic monitoring programme for renistancn. A 

simple ntandard method uhould be adopted; the most suitable io probably tho 

WHO method for topical applicntion (111), but field performanoe should also be studied 
by wthods utilieing tarsal sontact with weathered deposits on srayed surfao.s (e.g. 
bark) if persioeaot, is to be investigatea. 

Renidual a plicntlons to veretntion at hirh volume rates 

5. Solutions are not unually employed because the solvent is expensive 

compared with wator but they wero used in early trials in East Africa with DDT
 

(95)or more recently in ',igcria with dieldrin (73). The cheaper solvents ti ch
 

an kerosene which can be uned at high volumes evaporato rapidly from deposits and
 

do not influence pernintonro or activity of the inGocticido by their prononc:o.
 

They can modify the initial dintribution of insecticide by moving it into
 

bark or leaves before they evaporate.
 

6. Emulsions or susponsions are much commoner systems for insecticide dispersal
 

and the two insecticides DDT and dieldrin are invariably used in these for.s in
 

the larger control schemes; for exarn;le in Nigeria, Uganda, T&nzania, Kerya
 

and Zambia. Suspensions are prepared from water-dispersible powders which
 

contain insecticide and inert diluont particles and curfactants and give dry 

deposits since the water evaporates very rapidly. Biological potency depends
 
its physical state 

upon the particle niza dintributioa of the active ingredIent/nd the surfacu 

which has been treated (44). Finer particles are picked-up more readily by
 

rooting insects while the adhesive properties of surfactant residues reduce
 

pick-up on the less porou.s surfaces. Those powders which meet WHO specifications 

htave about the optimum particles size distribution.
 

7. Since the insecticide is in solution in emulsion concentrates, or in the
 

emulsioni prepared from the&e, the physical forms of the deposit after solvent
 

and water have evaporated will be controlled by the crystallization properties
 

of the insecticide and, again, the sprayed serface since this crystallisation
 



32. 

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

8. The persistence of the deposits resulting from the use of powders or 
e. 

emulsions will 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 effective in hot, drier areas than thoao from emulsions but the reverse
 

is true n cooler areas with higher rainfall (63,76). 
 The powder residues
 

are 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.
 

9. All the candidates for replacement insecticides in tsetse control are 
available, or could be made ava-Jlable, IS water-dispersible powders and emulsion 

concentraten. A few, such as pirim.etaphos, azamethiphos, totrachlorvinphos and 
bondiocarb, hav a low ,;olubility in the common solvents used to prepare emulsion 

concentratci; but this could be improved with knowm co-solvents. Conversely 

their low nolubilities mean that they unuilly make good water-dispersible powders. 

A_r!alLpp] caton at ultra-l wvelume ratte., 

10. This unually requires that the formulation should be a solution of high 
concentration, say 10,, 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
 

NRT)C 161 the concentration can be reduced to something of the order of 1%.
 

For these solutions the vital ccmponent is the solvent or, more often, solvents.
 
Their properties control the initial atomization, the reduction in droplet size
 
during passa1 ,e to the target -.nd the effaciency with which the irzecticido 

pa'sses into the insect either from droplets on the cuticle or from droplets on
 
surfaces on which the insect .estn. 
 They can also influence the persistence of
 
insecticides in upray deposits when they are of low volatility themselves.
 

11. A discussion of all these interactions between insecticide, solvent,
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1nsect and surface would be too long for this report. Briefly, however, "-L best 

solvent system probably conniats of a non-volatile component ouch as a ege*,ahle 

oil, plasticizing estor or Dutrex-type petroleum extract combined with avo itilo
 

solvent which may be lost durinr npplication but ensuros that the phy ..
 

properties of the blond are appropriate for the atomization process. Th. non

volatile solvent is a less efficient carrier for insecticide through the cuticlo
 

if a droplet lands on the insect itself but can multiply the life of the active 

ingredient in a residue by several times by reducing its volatility. 

12. There are likely to be difficulties in preparing high concentrations of
 

nome of the newer compounds bocauso of their low solubility in many of t,c
 

common solvents. The orj:ano-chlorine compounds as a group are reasonably soluble
 

in pntroleum-derivcd solvents or in aromntic solvents from other sources. 00MI
 

orr.ano-phosphorus esters also have hifrh solubilities (brosophos and jodf,,nphos)
 

or are miscible (chlorfenvinphon and fenthion) but others, especially tht' 

phorphntnti are very poorly soluble in the uaual solvents. Pyrethroids are 

unually readily diisolvcl but the difficulty of low solubility is again encountered 

with most carbnmnten. Thes and the phosphates can only be dissolved in water

mincilbe, hydroj n-bcandi:.; ,;olventu such na dimothylformamide, N-methyl-

pyrrolidono or huxnm Lhy' pho;phoruruc. bach of these has bern used as a :,olv%:t 

or co-solvent in commercial ULV solutions. Unfortunately they are also good
 

solvents for many polymcri' usnen in the hozca and wnnhers of Gpry Gear n:,l their 

water miscibility means that insecticides can come out of solution if water is 

uisc', for washing the equipment. They are also relatively volatile and are likely 

to be lost during'or issedlntely after application and may have undesirable 

attribute since they facilitato skin absorption of toxic chemicals. It will
 

be neon that the formulation of many of the newer insecticides will need to be 

considered with more uLttnLion to solvent properties than was necessary wtith
 

the compounds used previously.
 

1.. Other types of formulation have bean tried or may be considered in the
 

future. The relatively irnohtblo insecticides are easily milled to give fine 

sunponsions in water, ;ho 'co.' types, or in non-volatile oils as, for oxs.cple, 

;h., e ,,' DJ-upiuio ,i or carbaryl-oil mixes. These can be sprayed as supplied 



34. 
or diluted to suitable concentrations with water or oil respectively. 
Inverted
 
emulsions have been tried in Kenya (72) but special spray equipment is needed to
 
form these. Micro-encapsulated insecticides may have a place in tsetse control
 
although they are likely to be more expensive than most other formulations.
 
They 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 7ade machinery, provided that it conforms to accepted

standards (79) and is sufficiently cheap. 
I- 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. 
Some manufacturers would be willing to make modifications of existing

equipment for tsetse control provided that some comercial return was evident.
 

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

Hydraulic enegyquipment
 

Spray lances.
 

16. 
 Shut-off valves should be made simpler and more reliable, possibly making

greater use of plastic to reduce corrosion problems. Lance externions 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 spray guns giving varying pattern widths,
 
this needs to be developed further. A device which can alter the spray width
 



i;hould be capable of beina operated by the hand holding the lane3
 

P'ronsure retaining sprayers. 

.3. Pressure retaining equipment is urgently required to replace equipment
 

un.,: in the past but which is 
no longer available (para 33). Good oompreeloa
 

sprayereahould have tho following specifications:
 

-
Tanks to be made of suitable gauge of stainlecs steel or plastic with a
 

holding capaoity of 15-20 1.
 

- OperatinG pressure ravnge of 6-3 kg/cm2 , or even higher a Wasure gauge to
 
be fitted to the top 
of the tank, and a premuze regulating valve, 

- A shut-off volve of the floating ball type should be used.
 

- Capable of bcin AJ.led 
 wiLh air and insecticide with its own dotnchale
 

pump and with a scparate chnnge pump. 

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

Hand compression cpr.,yrs.
 

19. I:rd conprcnion :;prayera which moot tho WHO specification (30) should
 

be tented to determino their suit:,bility for tGotso control.
 

Lver Operated :prayer.
 

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

Xotori ed machines
 

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

nervicing and repair problems in the field. Nevertheless, some requirement is seen
 

for this type of machine.
 

Motorised knapsack mistblewors
 

,.,. This type of machine is 
most useful in areas where insecticides must be
 

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

,here is a wide variety of motoriscd knapsack mistblowers available and these
 

,.nuld 
be inspected to determine which are most suitable in specific situations
 

(par 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 vehicles and with suitable
 

ambient weather conditions.
 

Fogging machines.
 

24.\ .Those machines have found little use in tsetse control operations. Their 

use would in any event be restricted by weather conditions. Nevertheless there 

are situations, such as when dealing with tsetse living in scattered and 

relatively small thickets among cultivation, where a non-persistant insecticide 

might have to be employed and a small portable fogger might be the most con

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 need 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.
 

AE:RIAL EQUIWENT 

Requirements for airspraying equipment
 

26. The need to produce aerosol droplets (vmd 20-50 um) for sequential non

residual applications of insecticides for tsetse fly control has been well known
 

for a considerable time, but there has been little incentive for spraying
 

-nchinery manufacturers to invest inresearch to produce new apparatus. This
 

is understandable because such ventures could show little returns since there
 

is only 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 therefore, 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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electrlcn ly powercd nnd nome of the., have already been uned and nnn.ed for 

t-"Ino control opcritinnr. 'owverthere is still a need for a robust and 

reliable unit capabl o: proriucin, romall aerosol droplets for use on both heli

copters and fixel winc aircraft and further work in this area is recommended. 
As far as small fixed wing aircraft are concerned thermal exhaust units 

appear to be the cost suitable equipment for aerosol production although the 

droplets produced are very variable in size and some of the larger droplets 
Are deposited at ground level near the source of emission. 

27. On faster mediv"i sized fixed wing aircraft which are capable of spraying 

at speeds of approxiantely,2601,m/h wind-driven rotary atomisers have been pro

ducod which are suit;dc for the production of aerosol droplets for non-residual 

tsetse control both with volatile and partially volatile insecticide formulations. 

The size of the units uned in recent experiments ia significantly less than older 

units but, despite their smaller size, the combination of increased rotational 

speed and increased flyinn speed hns riven better atomisation of spray dropletsnave been obtained.
 

and droplet sia' of 25-30 nicrons vmd/ The performance of electrically operated
 

rotary atomisers nas not been asses:ed on fixed wing aircraft for tsetse control 

but this is an area vhorthy of further study because these vnits may prove 

suitble for aerosol 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. rquirment for res-dual applications will continue to be required where
 

persintent insecticides are applied by helicopter with boom and nozzle devices 

when nupplyinr sprayn of emulsion concentrate rand diapersable powders. Equipment 

for making ULV insecticide application will necessitate the use of electrically
 

powered devices; especially with the need to control the droplet size of the
 

emission and the plbicement of the sprays in specific targets, e.g, along riverine
 

areas and ecotones. 

29. There is a need to continue with research into the development of reaidu1i3
 

apray application technology using fixed wing aircraft. This may be required if
 

an environmentally oatisfactory residual insecticide is discovered. In this
 

event, there would be a need to review the strategy of current control techniques
 

although this would not nocensarily require the development of new items of, 
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Equipmont. Conventional boom and nozzle and rotaz7 stouoder would be 

cuitable but fie4 techniquoa would have to be studied in order to apply tho
 

inaocticides in tho most officient mannor.
 

30. n.rther development of track guidance systems is *aaential to improve 

reliability, acouraoy nnd ease of operation in large-scale tsetse control 

sohemes using airoralt 



.... ... ' ' 1 ,LOY01"'* OF TSETSE CONTROL 

,.Z STATUS OF TS10 3,ING PSMICIDES 

1 ; Control or ext tion of tsetsc ilies by chemical means must show some
r -.


" in cost, spi:c"' 0. action or in environmental impact over other methoas 

ol,;,1 g.,•totalor rtial bush clearing, to be an economic propoit ion. 

6ufficient isolation of ti;ctcc habitats is necessary ifpermanent eradict$ion is 

to b sustained since applications of insecticide do not themselves ch nore the 

h..bitat. This of courscis not necessary if only short term reduction in tsetse 

nuvnbers is required as "or cx,.p-,, to abate a sleeping sickness epidemic but 

-here a lind utilic'n._. ro rme which includes a livestock component is in 

:.'oi7.is and sottIc..t of pcople is taking place, eradication of fly is
 

u.ually nece;sary.
 

2. T:o basic . involving the use of insecticides, have been proven 

ai capable of eradicatir.Z tootsc flies. One involves a single.(occasionally 

h deposit, in discriminative manner 

oy ,.:oun0s tc5-ra or fr:. tho air, and the other involves repeated low dose 

.. i.tions fro th:. ,.: o. -on-rusidual insecticide which kill all the adult 

....... on ?reoo.it .t .. of l,.i)cation. The choice of method will depend 

varic.ty ... climate its toporaphy 

rcpotitive) relativwl y evy applied a eithe'. 

on a of ci:' ::,=-,c, including the of the area, 

.... ne .e.rce to ptoul..ation may be seasonally restricted to
 

.. ...... sca hab.tats o '.yin- only a small proportion of the total area infested
 

... ±avourablo scasc,.. 

":=olo idr.',U ,
ien! con o-

Tsotso eradicntion oorations having the objoctive of facilitating the 

,.-d mixed rural economy will only achieve their objectivedcvolopment of a bal-nccd -.


i: xecutcd on a -1 sco. This means taking the boundary of the 

. -crna l arca to tho l?,mt of tna infestation or to perimeters which can ea s ily 

Swhere: thc cc.; o,' the defence action is small in relation to the area 

reolained from infestation and the extent of land resouroe freed for development. 

* * .,- ~ ~ , . ~-' -*---..-7- .**~ ---

http:varic.ty


w curent and future co=r_ nit/y needs without having to ensure that no 

e~nvironmnental circumz.tances exist in the project area which can harbour infest

ationa.
 

4. The attainment of tho eradication objective means that theLland resources
 

can ve
exploited stri.;tly ac,;ording to their diverse capabilities and the need
 

I.tb'o community whilzt,+ sufficient in reserve for future generations,
 

for an Ldequate forest 
c_ tato, for pastoral rangeland, for the conservation of
 

eorlablo areas and for the preservation of wildlife. The difficulty which arises
 

when "nottlement" is usc4 a concept for consolidating land reclaimation against 

tLt'.3c infestation i t, the level of the land exploitation necessary to reduce
 

• , o. to a lcv,;J .- ohey no Ionger cause grave repercussions on live

ato;. Ln not bo 'at.a';:, w-:.i' .t ovarburdening the land resource, cannot be
 

..'-vised on the : rd&acn.d olten does 
 not fit in with community need
 

.Id capability. Fur...., t.-: trynanc omiasis 
problem will remain if an adequate
 

*.';'oporti,n of the 1.:-; .'..'ce :.' uncultivated or is allocated to various
 

:c2Onsentia. ccr cCrv.ti -.n Ctv 

the delin:,,Ion of...otso... ,-,u; 1: ".f estations and land resource surveys 

o ~csctial precurbor. of ;otsa eradication projects. Land use surveys
 

inoporat'n, current l-nd u:.u and land 
 capability assessments relating to the
 

.... v, io..cnt of the . . : .xcd rural economy essential to meet the needs
 

a: zn xpanding community with Inc.-ozacng living standards should proceed and
 

pFovide the justificatio. fcr.:rgo 
 area tsetse eradication operations. They
 

are A fundamental comnponent of the field research effort required prior to the
 

dcin ;...d execution of cubrtatial anti-tsotse activities. 

,. 
 The natural limits of the tsetzo population to be attacked should be
 

-. dned before co-ti-c1 o.r-+ ionz are initiated. Surveys should be undertaken 

W'... cz.rc to dctermine p. limits ard maximum dispersal capabilities at 

..ot fayourable 'bctsonr cf the year. Low density populations require the 
i ++  . l ' +. .++
 . . '.+:0 ,j . ... ,, now- -1-,j: . ... .+..." r .. u ..development of ao~pling.. .tachnique's. . (Para..... . 9).s .. u& .. + .... ' 
' .. r u r' '. ' ' : + ':.. 

P ''. --. .. .. ..... ... +":'. - . " + + ........ .. '*+1 .. ' 
+
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of thone plant conrv ..ties with which a large proportion of the toete pnpulation 

lu associated, especially at unfavourablo seasons of the year ("discriminative" 

phaso). Rosting sites utilicod by the flic, throughout the day and night, in 

theco plant communities ohould be determineu ("selective" phase). Resting sites 

can be confined to a anall proportion of the overall habitat, and very restricted 

use of insecticide ic poncible under such circumstances, especially when applied 

by ground-npray toomn npplyinG the principloo of "diocrimination" and "suloction". 

Findings from one area are not nocosarily applicable olcowhoro within the rnngo 

of a species and such studies are necessary wherever control operations are to
 

beo undertaken.
 

8. Lose detailed Xnowld,,-o of the ecology of the species to be attaclkod in
 

iu)cC.;:,nry when bliinit npplications of non-residual inoocticido nre to be employed, 

In order to determino t*.. optimum numbor and interval between application it ic, 

however, necessary to knowi the duration of the pupal period throughoit the time 

when spraying is to be conducted; pa'ticular attention should be paid to the
 

coolest breeding sites, where the period will be most pmlonged. It is the maximum
 

period and not the m/,:n which iG most sienificant. For the same reason, it i:; 

alao necessary to dotermino tho longth of time between the emergence of a fomalo 

fly and the production of its first larva throughout the spray period, particularl:
 

at the shortest period.
 

9. At the conclusion of control operations, detailed surveys are again
 

rcquired to determine whothor or not eradication has been achieved. The detection 

of t.sctco flies at very 1c4 pzpula:ion densities is difficult and inefficient and 

the development of appropiate methodn is perhaps the most pressing need in
 

studios of Glossina ccolct. Now, efficient devices for sampling tsetse pop

ulations have boon devclcped (104); the possibility of adapting those to detect 

low density populations requires urgent investigation. 

,',rm~tnleffects
 

1C. I .:ad is to be cpre u ,or the purpose of providing food resources, 

thvn iz muct be reco.rnizjed that teo aZc!riultural activities themselves which will 

1bou17, Lrator cnviron:ntal changeensu t br:2.i. f:..r than initial applications 
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Furthe ore, the aricultural changes willof inseticidee for tcetso control. 


require preater amounts of more persist nt insecticides for crop ;rotection than
 

!lll be used in public health. Accordingly, planners of such large progrumoo
 

:sIhould approach the problem of cnvircnrental modification from a .t-_"Iatic 

vL-%w#oint. oversuer.ta which aook the lone-torn objective of 1ncreased seri

at tho .3o, time criticize too severely the short-termcultural yield cannot 

use of insecticides foz veoter control. 

11. The alternatives to the use of insecticides for toots* control are the 

direct killing of Same and habitat clearance. -e environmental effects of these 

c-purationa Are prola'a .. than the uae of the insecticides. Although genetic 

control of Glosin. ic a distinct feasibility, a great deal of work will have to 

ba done to determine its opoational value. Despite recent publications on the 

pon-ibilities of biolo .cal control of Glomnia, it is considered to have a rcmote 

* ruibility.
 

1 . For tetoo contr:ol, c€ta:in Arcas of wooded savann=a, riverire forcutu, nn.1 

fcronts propor, includiru: tho ccotor.c botwoen such system, will bo treatud. The 

first Gtap would be to ma? o: classify the major ecosystems that will be covored 

by treatment, and bascd upon oxintinT litcrature, to provido a proliminory linting 

n ,d atructur6 of the 'major nimal Moups in each. From this a series of indicator 

otr~inir.ms cen be dorived and their availability and relative abundance in each of 

thoau main ecosystems app-cxinated ar.d checked by spot surveys. Once spraying
 

nporationc have been docido. upon, and tho toxicity of the insecticido(s) olcctud 

determined for major groups, i.e. mammalin, avian, fish, etc., a oampling
 

proccdi:ro for the indicator cpccios popal:tion levels can be established. Thcro
 

aro numorous adoquato procod-ros for dator-,in.ine vertebrate population levels
 

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

Croups to be sampled wo;ld bo non-target forest insects an well as soil orsaniams, 

o:,ucially Annalida and arthro.cds. 

13. Physical maasuroamnta to determir.e the distribution and quantity of
 

ingecticides applic! by aerial aoprayin in sa. le habitats should also be Mado.
 

Initially, t1. r.io"i hg de., in a woodod area at a canopy level, at inter

http:otr~inir.ms
http:oversuer.ta
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mediate tree level, on ground vegetation, and ultimately in the soil. Again,
 

details can be determined for each of the habitat types.
 

FUIj1)H RESEARCH REQUIRE ENTS
 

14. Recent progress in the use of fixed and rotary wing aircraft and ground
 

equipment for insecticide applicatins need to be exploited in a wider variety
 

of situations and new insecticide formulations required field evaluation. Thus
 

field studies to evaluate new techniques 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 taken into account.
 

Laboratory evaluation of new irrcticides and formulations 

1b. COFR in 'ndaged in a continuing programme for the laboratory testing 

and evaihation ol" can~idate innecticides for toxicity to tsetne flies in collabora

tion with WHO. Ccmpa:ative toxicities of compoundu supplied by industry, research 

institutes, universities and other sources are determined by a standard method 

of topical applicati(-n of soluticns to teneral G. austoni obtained from pupae*. 

The results are published from time to time (43) and indicate the most promising
 

insecticides for space sprays. Gthor properties such as volatility, solubility and
 

stability are also mrasured to indicate suitability of compounds for residual
 

activity.
 

16. A research pros-ramme on formulations of insecticides for residual activity
 

on vegetation is also currently in propress. A spray tower has bee:, .onstructed
 

for the simulation of ULV condition3; that is, the application of concentrated
 

solutions of l5If or more active ingredicnt at lw volume rates and controlled
 

droplet size. Obser':ations are rade on the physical state of deposits on leaves,
 

and of the persistenre of the active ingredient on leaves. The periintence and
 

availability of the active ingredient is measured by bioassay and chemically by
 

GtC analysis.
 

* Supplied by Ministry of Overseas Development and University of Bristol, Tsetse 

Research Laboratory, Dept. of Veterinary Medicine, Langford House, Langford,
 

Bristol, ES18 71)V, UK.
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Fi'ld stuecies of new inr-i'cides nd~ tech~niques 

Groun~d applications of irusidual insecticides.
 

17.. Pe-sintent chlorinated hydrocarbon insecticides e g. DDT, dicidrin and
 

IMU are in current u.-, for ts~etse fly control. Insecticides are applied 

selectively to the kn~own ronting sites of flies e.g. the trunks of trees and the
 

ul-lrnides of cortni:. br or to leaves in the cazropy, and are effective when 

tippllcd to riverine and vef-otationusing ground spraying machines. 

lnaeocticidea which Euxo ac-vironmentally more acceptable and less toxic to cattle 

and humans would be ovaliiited for use by this method. Trials with these insect

icidon chould include dislrnas a reference treatment. Details of proposed 

triaila are sh1owni in . a~~ix 2. 

Ground applications of ncr.-roaidual insecticides.
 

1. Hand carried cui~ment for applying aerosols for tsetse fly control has 

boen unod in various p~rts of Africa, but the method has never been developed
 

to any e~xtenit. Equipment applying DDT as fogs has been tried but there is a
 
A.,+ , < . !!:i ! ! : i !! ~ ! +i +i.:?.! . i:
; ,i i !i+ ! !i , + ,+ y % 

2~'dto ovaluAto altc.-rn;tive baa ittent insecticides applied as ULV or as 

di~t. frirlnio~i nliese are unlikely to leadit~cfor forgj-ing. methods 

to p(orrnrnt cradicat-i the are requirements to reduce fly numbers 

r.%pialy in cn,,r~ency slocopin-7 sickness situations, in areas of human habitation 

or of tourist intorerat. I't would be niecessary to study sequential applications' 

of invccticide if long term control was required. Applic.attions of insecticide
 

f-om-boats would have to 'be considered for access to difficult riverine areas.
 

Dotail; are given'in Apendix 3. 

e--'inr: nircrnft~ -!n- t~n or resid;,ial innecticides 

"9. Persiutent chlorin~ateci hydrocarbon insecticideG e.g. D? dieldrin and 

eneonf an hava recently bcen shown to control tsetse flies effectively in West 

AfricA by discriminativo tro .'.;t~c. of aerial spray& applied by helicopter to 

foresat islands, draina-c 
 ecotor.es and stretches of river where the
 
.. ... .. . .. + r%+ 4A.. 

http:ecotor.es


45,.,.-OW- Itlly -,.Ifc' nd tc;oxic to rnin nnd cattle. It ir. Alno l'npar. nt 

.0 cxan.ino closaly thi econrcmics of this method and the possibility of u;ajnr 

4iffCrovt formulationa for S ator efficiency. Details are Giye in Appendix r 

'.t.r..w ns nirc.t -noicritinns of non-rcoidtwnl inecticitdos 

.... . Tho control cf I.eso flic ,alon largo stretches of rivoro whore :,round 

.i . u'l COe.! G 3 d i f m . x o i n g i r c ra f t+d on ot . . . 

;.,V
S" .e manoeuvoraiiity to follow tho course of tho riverine vegetation and
 

roaidual Gpryin.g fro;-, the air causes 
 Creater environmental side effects. Thcro
 

i:; Lhereforo a need to dovico a 
non-rcsidual spraying technique usine envi.-or.nunt

..'a:- insoctic.c-*Cz for e rapid reduction of fly, especially in areas,
 

wr ro zlccping cicicn~ ieG opideic. 
 Dotails are ingiven Appendix 5. 

dii-.., fi:zed-.... a.rc.-ft cnnlications of non-residual insecticides 

, . The techniquo o applyin aerosols from fixed wing aircraft for tsctse fly
 

cIo2Iol hai been well triod and haa been shown 
 to be effective with a variety 

i:-,.:ccticiacs in fiid cx-c-mxcnts =ad in large airopr y operations but .'ercireu 
. .- aal develope-.'. wor. .donulfan is currently used at rates of 6-14 C/ha 
prr trcatont. Thc. .o sit-ations whero this insecticide is a ha:oaci, c.,.
 
"-ou.d rivers or I ±t be
azod, i.dwould worthwhile assessing alternative insect-

Details aa -vn 4 App ndi ,
 

* ar .Q• r * 
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