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The Environoental Assessment Team has concluded
that the Tsetse Research Project, Tanga, Tanzania
will have negligible detrimental effects on the
environnent of the Project Laboratory at Tanga
and the field test site at the Mkwaja Ranch. As
a result, given the successful conclusion of the
Sterile Male Insect Release Method, future tsetse
fly eradication projects may be undartaken with a
40 to 50X less dependesce 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 enviromnmental assessment of the
TA/AGR Tsetse Research Project on the Sterile Insect Release Method
(SIRM) that is currently being conducted in Tanga, Tanzania. The Project
is jointly sponsored by U.S. AID and the United Republic of Tauzania.

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

The environmental assessment team was appointed in the fall of
1976. It conducted a literature search in the U.S., convened a
preliminary planning session and soon thereafter, undertook an on-site
vigit 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 effects of the SIEM as a component of an
integrated tsetse fly eradicition program at Mkwaia Ranch. The assess-
ment team was also asked to consider technically viable alternatives,
so that the expected benefits of development objectives could be weighed
against any adverse short or long-term impacts upon the total environment
or against any irreversible or irretrievable commitment of resources.

The Tanzania-AID Tsetse Research Project 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 posaible 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 progranms.

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



on the environment; (3) assess the type and levels of pesticide and
herbicide application; (4) anticipate the effect of the treatment
upon -the ecosystem; (5) assess direct social and economic implications
of the SIRM on aninal and human populations; and (6) assess how an
understanding of the basic science of tsetse fly eradication can
contribute to ecosystens management. The information thus derived
has been collated in this report for concerned persons in the U.S.

and Tanzania. .

We wvish to thank the staff at the Tsetse Research Project in
Tanga, the nanagenent of the Mkwaia Ranch, the Department of Zoology
at the University of Dar es Salaan, and the Ministry of Agriculture
in Tanzania for their cooperationm.

A. PROJECT RATIONALE

Tsetge 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 approxinately 10 nillion square km., in
Africa. There are several types of trypanosoxes, but the major ones
cause Nagana in cattle, and sleeping sickness in huzans.

With regard to Africa, the World Food Conference in Rome in
1974 dealared that "trypanosoniasis and tsetse fly control must be
the first phase of an integrated plan of econonic development.”
The declaration wvas given urgency in the United Naticns study on
the Future of the World Economy (1976). The Report argued that "the
major thrust of food supply in the developing regions will have to
come from an increase in their ovn agricultural output but even after
mobilizing available excess arable land resources, the land productivity
(incloding crop yields and cattle productivity) would have to be increased
at least three-fold in the developing regions if the 5 percent annual
agricultural target is to be realized.”

The Tanzanian Ministry of Agriculture ranks animal trypanosomiasis
second only to East Coast Fever anong the livestock diseases which
hinder development. It estimates that 60X of Tanzania is infested
by the fly.

In the past, nethods 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.
According to (J. Ford, 1976), "in Africa as a whole, one estimates that
since large scale attempts to eliminate tsetse fly were begun in about i925.
total success may have reached about 1.5 of the infested arsas, but
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that almost certainly this has been more than balanced by reinfestation
of formerly fly free land". With an increasing population requiring
increased food supplies at the sane tire that environmentalista are
forcefully making the case for the preservation of natural eccsyatems,
research activities in biological control measures have been greatly
stimulated. The most promising lead to date is the sterile male
Telease.

In the case of the tsetse fly, che SIRKY introduces within the
environment active tsetse flies who have been rendered sterile by
drradiation. 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 Jupported research on the
development of techniques necessary for suppressing Glossina m.
morsitans the species of tsetse which is a principal vector of
animal trypanosomiasis in East Africa. The research has been conducted
at Tanga, Tanrzania.

The objective of the Tanga Project is to deteruine the eificacy
of using sterile males for tsetse fly population control in an area
protected from reinfestation. The questions to be resolved are
wvhether a sufficient nunber of f£1lies 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. YPROJPCT FACILITIES AVD THE TEST SITE

The fly rearing laboratory for the Tsetse Research Project is
located 3 km. west of Tanga, Tanzania. The faciliries consist of a
rearing station, laboratories, and headquarters fur the administrative
staff. Construction began in June 1972, and the third insectary wvas
complated early in 1977 1In addition to the three insectaries, thera
are sassociated animal sheds, aniral 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 resring of flies and animal husbandry,
the 126 member staff has developed nmethods 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
snimala.

Movaja Ranch field site for the Tlctnnolnnclrch Project, 1is
located 100 km south of Tanga, Tanzania (38~ 41,5'%, 5° 45'S). The
Ranch has operated under the Swiss management of the Amboni Sisal



-8~

Estates, Ltd since 1953. Approximately 12,000 head of commercial
cattle graze the ranch vhich consists of a coastal wvoodland-savannah
‘wegatation mosaic varying from open grassland to demse 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 1is
the site of the research program; the southern section is slightly
smaller and serves as the untreated control area.

Tsetse files (C. morsirans, G. pallidipes, and G. austeni)
4dphabit the ranch and transnit animal trypanosoniasis to the livestock.
Human trypanosoniasis does not occur on the ranch or in the surrounding
area. Four times each year the livestock receive prophylactic treatment
(isometanidiun) to prevent trypanosomiasis and in addition they are
dipped vweekly in toxaphene to control tick-borne diseases.

Since the beginning of the ranch operation, sevaral programs have
been undertaken to control 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 nev element to be
{ntroduced into the environment by the Project is the sterile male fly.
These conditions, together with the large number of cattle at risk,
make the Mkvaja Ranch an ideal site for the field trials.

C. PROJECT SCHEDULE

The Tanga Tsetse Resaarch F.oject was conceived in three phases.
The first phase, now succcssfully completed, was to establish a captive
colony of G. m. corsitans. The second phase is to expand the colony so
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 kn. The colomy of G. n. porsitans at Tanga is the largest
colony of a single species of tsetse fly in existence. The colony. will
reach the level of 45,000 fenales and 15,000 males sometimes between
June and Septecber of 1977, making available between 800 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 tachnique is based upon
letting the bulk of the females emerge at the rearing laboratory (females
precede males in erergence) and cooling the remaining pupae (mostly
malas) 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 follov two or three aerial applications of endosulfan designed
to reduce the tsetse fly population to a managesble level. The relesases



will continue for 16 to 20 months. Thr effectiveness of the treatment
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 ares and will not be treated. The Tanga Tsetse Project i
expected to be cozpleted by the end of FY 1979.

TI. THE EXISTING ECOSYTEM

A. THE MKWAJA RANCH

Description of an eccsystem requires comprehensive consideration
of the interaction between living and nonliving portions of a natural
unit. In srder for the whole interlocking mechanism t¢ function as
a nstural cormunity, its various components must be present in sufficient
approximation of workirg harmony to permit normal growth and replacement
of the constituext plants and animals. Exazxples of ‘the nonliving
components of an ecosysten are energy, water, essential minerals, and
atmospheric gases. Zxarples of the living components are forage and
food procducing plants, food producing animals, organisms which aid in
recycling, and the dczinant species which create the general characcer
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 11l health of the important partici-
pants can reduce production of materials or cause the natural resources
present to diminish.

At the Mkwaja Panch, the elevation, topography and scils vary and
these differences resresent distinctive ecosystems. The past and present
land use has deter—ired the natural communities as they are described in
this report. The gezeral setting for the regional enviromment has been
ably presented in The Natural Resources of Past Africa (Russell 1962).
Another important reierence is the Atlas of Tanganyika (1956). - Specific
source material will be cited in developing the discussion of s.paracc
environmental elecents.

Since the establishment of the Mkwaja Ranch in 1953, the management
hes tried to control the tsetse fly by barrier clearing and use of
insecticides. Livestock productivity depends, however, upon chenoprophylaxis
and drug treatnert as the nost 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 experinent' 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 lov rainfall and the generally poor condition of the soil.
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It is representative of many other areas where farming cannot be
productively undertaken, but where livestock operations could be
msintained. The Mkwaja ranch manager described the majcr 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 Mkwajs 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 hLerders,
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.

Almogt 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 lm distant to continue their
education. Svme 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.

Pigure 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 Dar es Salaam to Tanga. Along the north side
of the ranch lies a fairly dense mountainous high forest; to the south
is the control area of wooded grassland which resembles much of the test
site uplands. Between the ocean beach and the ranch is a strip of
scattered small plots cultivated by subsistence farmers. The nearby
villages are occupied by member of the Zigua tribe. About 5 km to the



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
4s a flat, narrow belt of consolidated sands extending inland about™—
20 km to ‘he toe slope of the escarpment that raises to the Masai plains
some 70 km distant. Elevation on the site varies froo mean sea level
pear the mouth of the Msangazi River, containing brackish tide water,
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
northern part of the ranch does not exceed 40 o in elevation. The lower
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
252 of the ranch.

Climate: This tropical region is characterized as having high
hudidity, an annual rainfall of 800 to 1200 mm, and mean annual temperature
ranging between 24° and 32°C. From the requirezents of plant growth,
the area has a subhumid tropical climate; however, the potential evapora-
tion and woisture deficit is high during the dry seasons, altering the
climate of semi-arid conditions at times. Rainfall patterns at the ranch
are typically bimodal. The 21-year average annual precipitation is
1,008 om; however, rainfall is erratic as in many places throughout East
Africa. Beginning in 1969, six out of eight years recorded an abnormally
lov rainfall. o

Averages for the 21-year record period as well as for the moist
and dry segnments are given in Appendix A. When analyzed, these figures
showv 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 hunidity sometires reaches as low as 35 and 40 percent for
several hours (see Appendix A).

Parent Material and Soils: The substratum underlying the coastal
plain is a combination of coral rag, sandstone, and some limestone
(Atlas 1956). The first 5 lam inland from the coast contains underlaying
of Quarternary alluvium; the next 10 la band contains Quarternary sedinments.
Deeper marine sandstones and limestones date back to the Jurassic reriod.
The east central uplands of the ranch are suspected to have been covsed
fyom a raised Plaistocene reef. Upland soils con.ist mainly of gray and
Ted orange loamy sands; flood plain alluviwm found along the Msangazi




River consists of gray to dark gray "black cotton" soils. Soils of

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

in the north central portion to poorly consclidated red-orange sands

in the southeastern corner. Where the central uplands break toward the
Msangazi River to the north and west, grey sands again become higher in
color; this reflects more rapid geological erosini from the steeper
slopes. Isolated outcropping of coral rag can be found at or near the
surfacr 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 northwestern
extension and a few rivulets in the southeast corner also flow
following the November-December and March-iApril rainy periods.. Large
earthen dams provide year round water for cattle and game. There are
65 dams; 40 are presently functional which is unusual considering the
loose sandy soil texture. During the dry season only the largest dams
Tetain water and frequently wvater is hauled from a distance of up to
32 km. There are 15 good reservoirs, some in excess of five hectares.
Attempts at exploiting subsurface water have not been successful.

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

Atmosphere: Atmospheric conditions, apart from the climate,
consist of air movement patterns and particulate suspensions, both
patural and man-made. As to the latter, except for somewhat excessive
daily cattle trailing to and from the corrals (bomas) and the necessary
administrative vehicular travel, no man-made agents are produced which
escape into the air. Natural agents consist of wildlife induced carbon
particles and associated oxides from burning herbaceous and woody materials.
The uncontrolled fires are usually caused by man but on a sufficiently
routine basis to be considered a normal or "natural” phenomenon. These
fires are much reduced and less frequent than earlier years when the
ranch wvas 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
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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 vinds dirzipishing 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 volunme 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 Comoonents of the Environment

The topical subhumid coastal climate produced by the equatorial
latitude and coastal geography has furnished a diverse ecosystem of
plants and anicals. Most of East Africa is geologically old, with plant
and animal evolution and speciation having proceeded uninterrupted
relative to the general situation in the temperate zones. In spite of
more recent geological changes along this eastern coastal region, plant
and animal speciation and distribution shovw a mixture of interior
ecosystems with that of thc 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 vhich has resulted from twenty years of domestic grazing
snimals 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 lLave
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 anical co=ounities. This is not to say that any species of
animals or plants have necessarily disappeared; on the contrary, some
existing or nev species may vell 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 Inventory Procedures: During the six day survey
period, the range ecologist logged all large animal species observed-
in order to approximate the biomass. Bass data included date, tima of
day, route traveled, kilomsters traversed and the number of animals by
species. GCender 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 additioen,
cross countrv travel and foot safaris were undertaken to observe plant
and animal communities throughout the entire ranch. Animals recorded
during the inventory constitute about 40X of the species known to reside
for at least part of the year on the ranch.

Aniials 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 1ist of larger mammals, birds, and reptiles known to
occur on the ranch are given in Appendix B.

Plant Comrmnities: Appropriately, the translation for the Swahili
word Mkwaja is the locally conspicuous tamarin tree (Tamarindus indica)
Unfortunately, this is where a simple approach to identification and
classification of East African coastal vegetation ends. Although a
pumber 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 ares 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 wvould meet the specific objectives of this assessment. A review
of the literature upon which the assessment maethod for typing and map
preparation was drawn 1s found in Appendix C.

Limited time precluded a detailed inventory listing of all six
types of species components. However, najor trees, bush, and grass
as;ociations 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 followved
the scheme of land units (coastal plain-bush grassland) proposal, Christan
(1958). Cillman, who was perhaps most familiar with Tanzanian vegetation,
broadly mapped the Mkwaja region as bushed grassland (1949). The assecss-
ment team analysis ideatifies the field site for the Tanga Tsetse Project
as four major and three minor land units and associated vegetation cover

types.



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 paln-high grass found in the alluvial
flood plains of the Nsangazi River.

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

B. THE TANCA REARING LABORATORY

The Tanga Project employs 126 individusls, of vhom five are
expatriates. The senior staff includes four entowologists, a veterinarian,
and a rearing specialist. There are 2 research officers, 3 field officers
apd 14 assistant field officers wvith governoent certificate training.

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

The construction of the insectaries began in Juns of 1972; and the
third and fincl insectary was coopleted in early 1977. All facilities
are sipply designed and,except for the inmportation of scientific
instruments, have been built with local paterials. The complex consists
of the three insectaries, associated aninal sheds, animal quarantine
buildings and the irradiation unit. The 8 hectares surrounding the
building serve as the animsl paddocks and the forags crop production
area.

The insectaries are designed to house 60,000 flies capable of
producing 30,000 males per month. Approxinately 490 goats and 115 rabdbits
are maintained as hosts for the flies. The Tanga laboratory uses only
blood of living animals. A method for feeding colonias of tsetse fliaes
on blood presented through artifical cenbranes has recently beer developed
1n Zurope, but was not available vhen the Tanga Project was initiated.

In the future, hovever, the costs of mass-rearing flies wvill be much
reduced by the use of membrane feeding.
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A research program such as the Tanga Project does not have u
primary responsibility for training. Howvever, the on-the-job train-
ing 1s excellent and must be judged as & significant contribution slbeit
an I{ndirect benefit. The laboratory is rearing flies successfully
‘ith a staff (average age 20), only a few of whose membera have had
more than seven years of formal education. As the project leader
pointed out, 1f training is neglected at the research stage, when
the ‘project becones operational trained manpowver wvill be scarce.

The conclusion reached from observing the managenent and vork
disciplines of the Tanga Laboratory is that training, intermediate
and advanced, cust be a cozponent both of research programs and
operational prograns.

The Tsetse Research Project has developed good contacts and
exchanges with other institutions in Tanzania; hovever, it would have
been desirable if the initial funding of the Project had permitted a
more flexible and innovative outreach program. For example, 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 Xiswvahili. The Project has developed a working relationship v th
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 vith the ICIPE
and TLRAD in Nairobi.

11I. THE ENVIRO SSES!

A. YROCEDURES

The measures and proccdures used by ths team to wveigh the adverss
and beneficial impact of the Tsetse Project were based upon the iden-
tification and estimates of the affect of insecticides, and herbicides,
bush clearing, and the release of sterile male tsetse flies upon
the fauna, flora, soil, vater, and atmosphere of the tast site. These
impacts vere evaluated from the perspective of the proposed control
of C. m. morsitans at tha field site and the utilirzation of the
rearing facility in Tanga . The separate impact vare not veighed, and,
therefore, no comparisons were oade of their relative eignificance.

The team notes that the present environment assemsment cannot
resolva all the complex socio-economic issues aurrounding the mounting
of integrated tsetse fly con“rol programs, {ncluding the SIRM, over large
land aress in Africa. The analysis and prediction of the impact upon
hbuman population are considerably more difficulc than the technical



-14 -

smalysis of ‘the impact of the comtrol techniques themselves. Infor-
mation ‘is simply not available as to how the present populations,” 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 tc thuse that could be made with a
high degree of confidence and has indicated the limitations in the
analysis.

The estimated envirommental effects of specific projects
activities art summarized below. Each aspect of the tsetse fly pro-
gram at the Mkwaja Ranch and the Tanga Rearing Laboratory has received
a separate evaluation.



B. EXPLANATION AND SUMMATION

1. Barrier Clearing: The Mkwaja 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
sreas. The Tanga project is presently engaged in completing the
barrier. Clearing operations will be limited to the barrier zone.

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

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

The effect of the clearing operations on the vegetation is clearly
high but at vhe 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 Edges of
the Barrier: The 1 ka barrier clearing will not be wide enough to

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

the barrier will be reinforced by the application of DDT to vegetation
outside the perimeter of the barrier. Applications of 52 DDT will be
made to the lower 3 meters of tree trunks greater than 25 cm. diameter

and on the undersides of lower branches in order to kill resting flies
and prevent movement -of flies into the ranch area. One application will
be b1 -monthly throughout the duration of the field experiment. . The
minimm 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
annually) over the ranch as a whole, and 90 grams per hectare (0.08 1bs. per
acre annually) in barrier zone. Some short-term contamination of surface
water limited to the Msangazi River will occur and limited DDT may
accumulate in certain nontarget organisms and in the soil. Since the
area to be treated with DDT is relatively small, the effect on nontarget
invertebrates, bird and marmals will be minimal.




&. Three Aerial Aoplications 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 dismeters) that: float
and impinge upon resting and flying tsetse flies, but are not large
enough to leave a permanent toxic residue. Endosulfan will persist

at low levels in the treated areas. Each treatment will utilize 30
grams./ha. of active ingredient, totalling about 600 kg of iunsecticide

or 90 grams per hectare each (0.0825 1b per acre total for 3 applicatioms).
Five or six such applications at two to threeweek intervals are routinely
used to 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 Mkwaja ranch applications, the
Tivers will be dry and contamination of surface water will be 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 three applica-
tions will reduce the insecticide application by 40 to 50 percent.

5.- Release of Sterile Male Tsetse Flies: As the summary 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
radiocactive, but they do have the capacity of transmitting disease as
vectors of trypanosoniasis. The release of the sterile males at the
rate of 3 to 6 per day per square km, 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 and Host Animal Production: The rearing
activities at the Tanga Laboratory are confined to 41C 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 izpact on the environment with the exception of
waste accumulation which 1s dealt with by the septic tank and recycling
of manure.




7. Socio-Economic Consideration: An analysis of the operational
and economic feasibility of the rearing laboratory at Tanga will be
possible only upon the completion of the field trials in early 1979,
Similarly, a useful cost/benefit assessment of tsetse fly control
could not be made on the Mkwaja ranching operation, nor could the
possible application of the economic feasibility of the SIRM be
. definitively assessed. Only gross indicators of costs, benefits and
returns were available. The Mkwaja Ranch could not operate without
a careful and expensive regime of prophylactics and curative 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, including tsetse
£f1y 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 part of an integrated tsetse fly eradicatioo program,
it will be possible to compare the kwaja Ranch with other ranching
operations in Tanzania and with other successful livestock operations
such as Ankole in Uganda and Zululand in South Africa.

The team did not have access to the detailed financial records of
the privately managed Mkwaja Ranch and therefore could not directly
assign observable benefits to specific operatioas. Nevertheless, based
on observations and discussions with the ranch manager, the following
indicators emerged: (1) a profitable livestock operation is not possible
when the tsetse fly exists in terns 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 sezi-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 IHE ASSESSMENT

A. THE STERILE MALE INSECT METHOD (SIRM)

The elements of the Tsetse Research Project which are relevant to
existing or future tsetse fly eradication projects may be summarized as
follows: Tsetse fly eradication schenes require extensive planning and
careful coordination of each phase of the operation. Of major significance
4s the fact that fly populations become undetectable well before they are
actually eradicated. Due to the low reproductive capacity and the lov
rate of increase of natural fly populations, rcany 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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The Project's research activities involve a wide variety of
specific information accrual perhaps more so than other types of
contrcl research. This is due to the fact that livestock are used
to regulate at the density of natural insect populations of the same
species. Thus, original data are required not only on fly production
requirements, srerilization effects and handling methods, but also tn
s wide spectrum of population cheracteristics of the wild flies, e.g.
density, longevity, dispersal, seasonsl variation, etc. These data
are necessary to make optimum use of the released insects. In
addition, integration of the sterile insects with conventional methods
will provide nev perspectives on population dynamics that can be useful
in other programs. Thus, all aspects of the biology, ecology, and
insecticide research will provide data and concepts tlat are directly
relevant to other tsetse fly eradication prolects.

Population studies being conducted will be particularly important
as will studies on the effectiveness of insecticidal barriers used to
supplement natural or artificially created barriers. These significant
.facets of control technology will have a major bearing on most other
eradication projects. The advances made on rearing and sterilization
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 greacly enhance the
ecological and biological informarion currently available.

Conclusive proof that the starile male technique is effective will
make available another tsetse fly eradication technique for futher
practical development. Mass rearing of other species of tsetse flies
as developed fur G. m. moristans at the rearing laboratory, will be
spplicable to other species, as well as related studies on artifical
rearing techniques being supported by Project funding. An increased
capability in rearing other species will incresse the flexibility
of the technique by making its use advantageous in areas with more than
one important vector species. The integration of the sterile male
releases with control prograas that might otherwvise be only partially
effective may result in effective and efficiert eradication of
target species that would not have been attempted. The costs
of using the sterile male technique in this research program may provide
vseful information for predicting the costs for integrated eradicarion’
schemes in other suitable areas. Thus, any contemplated nev eradication
scheme chould consider incorporation of sterility technigues in the
planning stages because of the potentiasl sconomic pavings and/or
{ncreases in the total area of lsnd cleared with a fixed amount of
capital. For example, in addition to existing tsetse fly control
projects, consideration 1s being given to field operational programs
at four locations in Tanzania. 1. The island of Zanzibar; 2. The
Vest Lake ares; 3. Mafia Island east of Dar es Salaam; 4. the Handini
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area near Masailand. Assuming successful completion of the SIRM trails,
it may be anticipated that the insectaries at Tanga might be expanded

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

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

1. Advantages of the Sterile Male Insect Method: The principal
advantage of the SIRM is that the control effort becomes more economical ™
as the natural population declines. This economy results because in-
creasing ratio of sterile to wild males are achieved. As the program
proceeds, the total numbers of release flies can be reduced and control
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 Glossina
species, resulting in a minimum distriburbance of the environment 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 majority of other Diptera, Glossina species have an extremely
lov reproductive potential and low rate of increase per generatiom.
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 nunbers
can prevent reestablishment of the species. This technique may -be
cheaper and more effective than maintaining constant surveillance. In
aTeas, vhere 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.

Vhere the control of tsetse is regarded by the authorities as
Decessary 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



applications of a nonpersistent insecticide is not likely to significantly
contaminate the enviromment or damage the fauna except where rare endemic
insects are present. Even in areas wiiere the SIRM does not represent an
aconomical gain over other tsetse suppicossion techniques, it may -be the
method of choice where disadvantages of chemical or other control methods

must be avoided.

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

. .B. SEPARATE AND INTEGRATED APPROACHES TO TSETSE FLY ERADICATION

Before chemical insecticides were developed, the two most commonly
practiced methods for controlling tsetse flies involved clearing woody
vegetation on which the flies depend for shelter and eradicating game
anima%s on which they depend for food. These methods are rarely
practiced at present; but because of the need to clear a barrier around
the Mkwaja Ranch, the method of vegetation clearing is included in the
following description of tsetse fly eradication techniques.

1. Clearing of Vegetation. Sheer clearing, involving the destruction
of all trees and shrubs, is an effective means of eradicating Glossina.
It 1s costly, even when carried out by mechanical methods (Glover et al,
1959; Wooff, 1967) and is now rarely employed except to establish barriers,
often in conjunction with insecticides, to prevent the reinvasion of
areas freed of tsetse flies. The technique has been employed over wide
areas of country against 3zpecies of the morsitans group and linearly
Aagainst riverine and lacustrine species of the palpalis group. In some
circumstances soil -erosion can result, but there is much evidence that
in sanannah regions, removal of all trees and shrubs often causes grass
grovth to increase and to improve pasture (Ford, Nash and Welch, in
Mulligan, 1970). Discriminative or partisl clearing involves the removal
of only those elements of vegetation essentixl for the survival of
Clossina. It has been extensively practiced against riverine G. palpalis
and G. tachinoides in West Africa (Nash 1969) and G. morsitans, G.
swynnertoni and G. pallidipes in East Africa.
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21. Gane Destricution. Slaughter of game animales as a method of
tsetse control has been widely practiced in the past in Uganda and Rhodesia.
Even when refined by removing only the favored host species (Cockbill
et al, 1969), the method is unacceptable today.

3. Insecticides. Treatment of tsetse-infested zones with insecti
cides is cucrently the most common method of eradication. Insecticides
are applied as persictent deposits of such compounds as DDT, dieldrin,
or endosulfan (either from the ground or from helicopters), or as
sequential applications of formulation' of either dieldrin or endosulfan
of ultra low volume from fixed - winged aircraft.

4. Toxicology. The Acute Oral/Dermal (LDSo in Rats) and the Acute
24 hour (LC°° in Fish) of 4 Pesticide/Herbicides is given below in Mg./Kgm.
Endosul fan DDT Dieldrin ZLA-AP
Oral 43 113 46 375
Dermal 130 2000 90 -
Pish* 2.7 7 14 100

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

Beavy depdsits of persistent pesticides can be applied discriminacively
from the ground as a single treatment to the resting sites of the fly.
These persistent deposits remain effective for several months, and there-
fore a single application even kills the flies which energe froz puparia
in the 8%il during the weeks following the application. This method is
particularly applicable against species of Glcssina with lineer distri-.
buticns and has been widely practiced against G. fuscires in East Af-ica
(Glover et 21, 1960). The method is less practicable against those species,
such as G. corsitans, which often occur thiroughout wide tracts of country-
8uch species can be attacked, however, when their distribution is re-
stricted during periods of climstic stress (Davies 1971). The most
commonly ecployed insecticides in ground-sprsy campaigns have been DNT
and dieldrin. .

Presistent deposits can also be applied by helicopter. Applications
can be restricted to certain hubitats but are less discrizminative within
those hahitats than are applicaticns from the ground. Extensive succesc-
ful operations, primarily against G. moraitans, have been perforced in
Nigeria. Dieldria cmulsion has been the rost wilely used insecticide,
but trizlc have also been conduzted with erdosulfan (Spielberger and
Abduratim, 1972; Spielberger et al, personul cozmunication).

Observation made on the side effects of insecticides used in various
tsetse control schemes indicate that applications of percistent deposits
leave heavy local residues {(Park et al, 1972, citcs ini:ial decposit of
1-10 g active ingredient m<) that also affect other organisms, esnecially
vhen applied over large areas. Koeman ard his coilezgues have studied
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these side effects for many years. Koeman and Takken (1976) showed that
even & -single applicction of residual dieldrin or endosulfan caused
mortality in many nontarget species. Helicopter application affected.

a wider range of bird species than discriminative groundspray applicatiom.
Certain species of the fringing forest birds are very vulnerable and
disappeared from the treated area. Certaln mammal populations also
markedly decreased in size (examples are Tantalus monkeys after application
of dieldrin, and fruit bats after aerial residual application of endosulfan)
Appreciable mortality occurred among fish, acphibians, lizards and snakes.

In general, groundsprays are more discrininative and are therefore
less likely to cause irreversible dacage than are helicopter applications.
Endosulfan was found to cause more damage to cold blooded vertebrates
than dieldrin; warm blooded species reacted conversely. In areas treated
once, many of the affected species repopulated the treated areas a 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
in fish, fish-eating birds, and other organisus collected in areas sprayed
one or two years previously have generally been low (unpublished WHO/FAO
Report 1976).

When the distribution of the fly is diffuse, restricted application
i1s not feasible and a blanket cover is required. Since residual deposits
need to be relatively heavy in order to obtain adequate persistence, it
is not feasible to apply insecticide on this scale over the whole habitat
available to the fly. The development of methods for the sequential
application of nonresidual ultra low volume formulations of dieldrin
and endosulfan has been reviewed by Lee (1969) and Burnett (in Mulligan,
1970). Concentrated solutions of insecticide in volatile oil are used,
which are dispersed as medium aerosols consisting mostly of 20 - 50u
drops. The insecticide rust be highly toxic to the fly so that a single
drop will contain a lethal dose. Park et al (1972) used 30 gm of active
4ngrendient (a.i.) per hectare in each of five applications of endosulfan
to eradicate G. morsitans in Zambia, and in Botsvana 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 immedjate:
lethal effects on fish or terrestrial or fresh water invertebrates.
(Russell-Smith, personal communication) because Glossina are highly
susceptible and require much less insecticide than other insect species.
Most studies followed application rates of 6 gm a.i./ha but there were
also little evidenze 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 exsmined for
insecticide residues.

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 chemical control techniques. At a number of laboratories in the
United States and Europe, research projects are underway to characterize
the effects of juvenile hormones (Denlinger, 1975) ecdysones (Whitehead,
1976) and diuretic hormones (Gee, 1975), but the formulation of a
hormonal insecticide for use against Glossina is only a distant prospect.
Such insecticides are already in use against other pest species, they
have a number of .attractive features, including virtually no harmful
effects on mammals.

The Trecent 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.
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C._ BENEFITS AND IMPLICATIONS FOR DEVELOPMENT STRATEGIES

Thé-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 looas importantly in the goal of in-
creasing the food production of Africa — and, in fact, of the world.

Yet, while the area is potentially productive, its development is com-
plicated by many problems: poor soils, inadequate water, disease, and
perhaps in some cases maladaptive social features of the human populations
may at times be comparable to the tsetse fly in their negative effects.
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 Afcica.

The mapping of soils by classes and capacity for suvpporting
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, ecployment, 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 trypanosomiasis is only-one of
many constraints on optimal livestock product.vity, 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 use, complete success has seldom been achieved. The Mkwaja
Ranch provides an opportunity to experiment with new tsetse fly
ment. The ranch also offers the opportunity to observe the integ;ation
of tsetse fly control techniques with livestock and resource management.
Bowever, the production outputs of the Mkwaja 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
linited to about 50 percent per year. The death loss due to trypanosomiasis
is low but the effective chemotherapeutic reginme requires a substantial
investment. Even in this relatively well managed case, the data show
that commercial ranching in the se~i-arid coastal region of Tanzania is
still at best marginally profitable. These observations reinforce the
need to precede major tsetse 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 ivndertaken on a large operational
scale, appreciable environmental codifications will occur and must be
weighed against the benefits, short term and long term, of increased
food production and ecployment. It is inevitable that man and his
domestic animal will replace wildlife on many areas and that the large
gane snimals will be reduced in ni=ber. 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 schenmes, many initiated during the
colonial period. Much effort and capital have been spent to superimpose
vestern technologies of animal husbandry and range management on pastoral
subsistence economies. Those atte=pts have often failed because they
were not combined with a parallel effort to improve the socio-economic
environment of the local people. 7These past failures dramatize the
importance of involving the local coomunities in the initial stages of
development programs. Proposed changes must be carefully evaluated
from the perspective of the local populations, and must be supported by
thorough analyses of human needs and capabilities. In analyzing the
effectiveness of the water develop-ent and grazing schemes in Masai
areas, 2. Neveh (1966) has found that the failure of the programs could
not be explained by the "insatiable desire of the Masai to build up
1livestock populations for bridal wealth and prestige' as developmental
planners have often argued. Rather, the earlier disruption of the Masai
nomadic ecosystems by the encroach—ent of agriculturists upon the better
lands formerly available to them caused the Masai to depend for their
survival on larger and larger herds. The trauma of the often repeated



experience of disaster and starvation... and the development of -water
points:-and disease controls have not improved things but made them
vorse.

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 eradication 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 own 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
vw.ll have negligible detrimenral impact on the environment of the Mkwaja
Ranch. In those localized situations where some environmental change has
been anticipated, the effects have been evaluated. The objective of the
Research Project is to test a new technique for the control G. m.
morsitans in an area vhere it will have no effect on the present use and
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 of
the experiment.



An assessment was made of the socio-economic impact of the research
project upon the ranch environment and the rearing laboratory environment
‘in Tanga. Other than the important component of training and the .
demonstration of the role of science in helping man shape his environment
to his 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 immigration is being completed. with .
project funding. The replacement of the natural habitat with grassland
in the barrier .cone 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 caintenance of grasslands may contribute to
a stable ecosystem, providing additional forage. -

The herbicide, tordon 155, will be applied to the tree stumps 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 periceter of the barrier. This selective application will
deposit about 545 kilograms of DDT on the test site. This represcnts
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 percer will be
actually sprayed.

Two or three aerial applicati_as of osulfan will be applied to
reduce the tsecse 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 1b/acre). These applications will leave minimal
residues which will not measurably affect nontarget organisns.

The daily release of ] to 6 aterile male flies per square kilometer
will not affect the environment. The flies are not radioactive and the
number releasmed will be lower than the initial population and therefors,
the incidence of aninal trypanosomiasis will not increase.

V. CUIDELINES FOR FUTURE ASGGESSMENTS

The assessnent team recormends that vhen an initial exam{nation
of a proposed AID action identifics the neced for an environzental
assessment, it should be combined vith the developnent of the vork
plan. This procedure will substantially reduce the costs and enable
AID to consult with experts during the prelimi{nary planning ataga.
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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 entomologist, whose work compliments the chairperson; and
3. an ecologist or wildlife biologist.

Depending upon the design of the project, the environment in which
it is to be undertaken, and requirements for integration of land use and
development prograns, the following specialists should be included as
team menbers 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 Washington AID program manager. The organizational
arrangerents 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 be invited to recommend the host
country specialist in tsetse fly control and a planning officer from
the relevant ministry as members of the assessment teanm.

Before visiting the site of the proposed action, the members of
the assessment tean should convene for several days in Washington. - At
that time, AID should provide all members with relevant past assessnents,
project evaluations, reports on ongoing projects in related fields, all
preliminary data on the proposed action, and any general information on
tsetse fly eradication progranms.

The chairperson should assign specific responsibilities to each
team member. Arrangecents nust 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 two weeks. At the conclusion of the site visit,
esch tean member should submit his report to colleagues and as a team
prepare the draft report. The teax noted that 'when AID unilaterally
considers thet there is a reasonable risk of significant adverse effects
on the environnent from an activity proposed to it for support, and
wvhen efforts to encourage the incorporation of approprizte safeguards are
unsuccessful, AID reserves the prerrogative of declining to participate
in the activity."”



The team has noted that international agencies, FAO and WHO, have
undertaken continent-wide assessment of long range programs for tsetse.
fly eradication ‘in Africa, including a two-vear study whica 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 Regulationms.
Attached to this report are the FAO/WHO studies ¢to date.
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Table. 1. — Rainfall for Mkwaja Ranch during moist and dry periods together

vith 2l-year average (in mm).

Moist ‘ Dry All

(1955-68) (1969-75) (1955-75)

14 years 7 years 21 years
January 77.2 39.6 64.6
February " 351.2 39.2 47.2
March 117.9 105.3 113.7
April 212.8 163.9 196.5
May 154.4 123.2 144.0
June 52.7 33.5 46.3
July 5.1 34.9 35.0
August 25.4 23.3 24.7
September 46.5 39.3 44.1
October 104.2 45.5 84.7
November 142.5 77.4 120.8
Deceaber 91.6 72.0 85.1
Averages Annual 1114.1 797.1 1008.4

Average monthly precipitation over 21 years shows considerable

departure from normal during the past 8 years, especially in

the short rain season.
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Map 1. —=- Isohyats for average precipitation, Mkwaja Ranch. /
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Map 2. — Generalized geological map, Mkwaja Ranch.’l!
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APPENDIX 4
Map 2. -- Continued :
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Table 1. — La:zo'Mazzals, Birds, and Reptilas oz tha Mkwaja Ranch.

LARGE MAMMALS

Ungulaces

Buffalo, Cape *
Svrncerus caffer

Bushbuck
_w_Trazelaohus scriovcus

3ush-pig *
Patazocher:s porszus

Dic-Dic, Xirk's *
Phynchozragus kirki

Duiker, Red
Ceshalophus natalus

Duikar, Blue *
* Cephaloohus monicola

Elephant, African *
Loxodonra africana

Giraffe, Masal *

. Giraffa cacelooardalis tippelskirichi

Heartbeast, Coke's *

~T"Alcelaphus buselavhus cokasi

Eippopotasus

Hippopotasus a=zphibius

Xudu, Greater
Tragelaphus strepsiceros

Reedbuck, Bohor
Redunca redunca

Sable Antelope *
Hispotrazus niger

Waterbuck
Kobus ellipsipr=nus

Predacors

Wart Hog e
?hacochoerus aethionicus

Serval *
Leo=ailurus sarval

Civie, Alvican *
ivatticeis civezta

Geaet *
Gezetta sp.

Eyeza, Spotted *
Crocuta crocuta

Leopard »
Panthera pardus
Lion *

Panthera leo

Wild Dog, Cape hunting #*
Lycaon pictus

Other Marrrals

At Bear *
Orycteroous afer
Baboon ' L s

s e w———————

Papio anubis

Bat, Fruit & others
Pteropidae

Bush Baby *
Calagos sp.

Hare, Crawshay's
Leporidae

Monkay, Colobus *
Colobus polvkomos

QL
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Table 1 (continued)

Other Marmals

Monkey, Verve:
Cercovnithecus aethisns pvearsthruys

Mocnlkey, Greaa (3lue)
Cercenithecus aathions salaaus

2angolin, Glan:z »

. - -~
vianis cizentan

Jac, Caza *
Tarvonocys swiideria=us

Rac, Yorway
RAC-us norvegiers

Shrew, tlepnant *
Eleovhactulus rufesce:=s

BIRDS

Bustard, Lesser #»
Ardeotis %Y:ri

Crow, Pied
Corvus albus

Coroorant, Longtailed
Phalacrocorax africaza

Eagle, Africaa Fish
Cuncusa vocifer

Eagle, Bateheur *
Terathopius ecaudac:s

Zagle, Crowned Hawk *
Stephancaetus coronatus

Eagle, long-crested Hawk
Lopoastus occipicalis

Lagle, Tawnay
Aquila rapax

Eazle, Sea (Osprey) *
Pandion haligetuys — .
Egret, Caccle
Bubuler:s 1ibis ————————
Francoiin, Coqui
Francclirus coaul

Guizea Fowl, Cresced

Gutctara pucherani — — —
Hammerkop
Scopus uaberta m—— —

Heron, Goliath »
Ardea goliath

Heron, Gray
Ardea cinerea

Hornbill, Ground & others
Bucorvus leadbeateri{ ——— . —

Ibis, Hadada
Hagedashia hagzedash — — -~ —

Kestral, Graatar
Falco ruvicoloides - -

Kite, Afrip;n Black
M{ilvus nigrans

Stork, Cpen-bill #
Anastosus lacmelligerus-———--— —

Stork, Whice *
Ciconia ciconia

Scork, Maribou
Leptovntilos crumeniferus

Stork, Saddlebill
Ephiooiorhvnchus senegalensis

2

AOn


http:ncclir.us
http:angoi.in

3b

APPENDIX 3
T ... s
Table 1 (continued) e e
e
Scork, Spoonbill Snake, Puff Adder *» -
Platalea alba Bitis arietans
Snake, Rocl- Python *
. AMPEIBTANS AND REPTILES Pvehon sebae }
Crocodile * Toad
Crecsodwlus nilosizu Buio sp. N
I3<F1
Rana sp.

Lizari, onitor

Yazanus =ilo=iaus

Saake, 3oomslang *
Disoholidus tvphus

Snake, 2anded Cobra
Naja hajd

Snake, Mocambique Spictting Cobra *
Naia 2ossazbica

Snake, Green Momba *
Dendroasvis augusticens

Saake, Black Momba *
Dendroasvis polvlenis

®  Astarisk following a species indicates the animal occurs or is
seasonally present on the test site but was not observed during

the field inven:cory.
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Yale 1 cant. Roadside gane census and estimated biozmass along 373 km of

bush track on the Mkwaja Ranch, Republic of Tanzania.

Speciss

MAMMALS

l;boon-zj

Bushbuck
Duiker, Redback
Hare, Cravwshay's
Hippopotamnus
Kudu, GTeater
Monkey, Vervet
Mockay, 3lue
Wart hog
Waterbuck

Subtotal

BIXDS

Coraorant, Lozgtalled
Eagle, Tawvnay

Zagle, African Fish
Zgret, Cattle
¥rancolin

Guinea Fowl, Crasted
. Bammerkop

Heron, Gray
Bornbill, Ground
Ibis, Hadada

Kastrel

Kits, African

Stork, Maribou

Stork, Saddlebill
Stork, Spoombill
Vulture, Whiteback
Vulzturs, unclassified

Subctocal

KEPTILES

Lizard, Monitor
Sasks, Banded Cobra

Tocal

Number

5 &
SUuEaNDDWL

'guumuuwuwnn

| e

Estimated Biomass l/

(1bs/ac) (kg/ha)
0.28 0.31
.19 17
.006 .007
.0006 .0007
15.0 17.0
2.4 2.7
.22 25
.002 .002
2.1 2.4
3.3 3.7
23.5 26.5
0.003 0.003
.002 .002
.003 .003
076 .09
.001 .001
ol o1
.001 001
004 004
«002 002
.001 .001
.00001 .00001
.001 .001
.03 .03
.02 02
.005 006
.003 .003
.04 .04
0.!97 «307
002 ,002
0002 .0002
0.0022 .0022
23.8 26.8

Best Available Document

1/ Assuzption: the caan visibilizy of 15 ka on either side of

roads and tracks traversed was used co establish the araa bass

for bioaass corputations; body veights wvere astizated uaing

available data (Ladger, 1953, 1964, 1368),

2/ Scientific mc=a3 of anizali are 1hoWn i3 Aj72

\d



APPENDIX C

Literature Review of Plant Communities

World Ecosystems have been variously identified and are continually
being refined. One appropriate international treatment puﬁ forth by
Ellenberg and Mueller-Dombois (1967) and slightly modified by UNESCO
(1969, 1973) has recantly been suggested by Reichle (1970). Their
accompanying map show this East African coastal belt in the "Tropical
Ecosysten Complex' which falls . into 6 classes; the one under study
being the "Savannah, Scrub-woodland Complex."

In a general classiiicaction scheme for world vegetation, ‘Fosberg
(1961) working with the International Biological Program (Peterken 1967,
IBP Handbook 4) has suggested this test site falls into a Formation Class
of closed vegetation in tall Savannah graminoids of more than 1 meter
wvith a closed canopy. Further, his description identifies the evergrasn
(tree) savannah into an evergraen broad sclerophyll savannah of mego-
phyllous evergreen sclerophyll of the type found in various palm
savannahs in Africa and Tropical Anerica.

Broadly speaking, White's vegetation map of Africa (Greenway 1973)
shows this assessment area to be completely within the East African Low~
land Evergreen Bushland type. It is bounded on tha wast by both the:

4' Broad Leafed Wooded Grassland and tha 2) Thorn (Acacia) Wooded Grass-
land and Semi-desert vegetation of the inland plain. According to Greenway,
the test site area is techaically classified as Wooded Grasslands (main
type) of the Paln Stand Grassland subtype (Interzonal subtype) and the

vegatation pactterns fall neatly into his Coastal Evergreen Bushland

comaunity. His description continued: S?



“A conspicuous feature of this vegetation is the palms of

the genera Borassus and Hyphaene, both may be wide-spread or the

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

The palms may oanly be Borassus or Hyphaene, sometimes both

together. If other trees, usually evergreems, occur in. island

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

Coastal Evergreen Bushlands."

Pratt et al. (1966) have produced a classification scheme and
accompanying maps in a discussion of East African rangeland that shows
the assessment area to be in a coastal belt of "Wooded Grassland and/or
Bushed Grassland." Their work on area classification also places the
Mkwaja site in Ecological zone III of Moist Bush and Woodland, characterized
by a dry subhumid to semi-arid climate. In terms of agriculture potential,
it is not suitable as forest but has high potential for intensive agri-
culture where soils and topography permit. Range grazing use is best
on an extensive system but where management can be intensified, stock
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 production, particularly where. tall Hyparrhenia

dooinactes the grassland."”

Only one known ecological land use¢ survey dealing with grazing
potential is known to exist for this portion of the Tanga Province:
(Van Voorthiuzen 1970). However, a detailed study of similar coastal
ecosystens beginning in the Kwale region, 200 kn north of the ranch,

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

24



variation occurs along the East African coastline, environmental conditions
comparable to those found on the test site occur as far north as the Tana
River in Kenya (Dale 1939, Heady 1960, Atlas of Kenya 1970, Atlas of
Tanganyika 1956).

Working in Tanzania, Gillman (1949) provided a vegetation classi-
fication scheme which merits reconsideration. Both he and Greenway (1973)
have suggested the threshold between Wooded or Bushed Grassland and Thicket
(bustland or scrubland) to be 507 aarial overstory coverage. Considering
the effects of overstory cover depression on understory herbage produc-
tion, forage availability, and other features of land use such 48 range-
land reclaimation by fire or mechanical means, the 50% cover-class thresh-
old seens very acceptable. Both these researchers have also proposed a
102 cover threshold figure from the grassland to woodland type. Other
workers have suggested variable amounts of crown cover as the breaking
point between classes of woody vegetation (Fosberg 1967, Gwynne 1976,
Creenway 1943, Moomaw 1960, Pratt et al. 1966).

The second aspect of local classification is based on physiognomy:
trees, shrub or bush height and number of stems (single or multiple)
separates woodland from bushland. These features are generally agreed
among scientists working in East and Central Africa, i.e., single stexmed
trees or shrubs over 5 m are considered in forest or woodland types
vhereas multi-stemmed shrubs or low trees less than 5 w are considered
bush. The conventional distinction Hetween forest and woodland 1is
vhether or not the tree crowns are in cont..t with one anothar.

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

preparation of the base cap for the assessment area (Table 1),

4
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The dominant vegetation feature of the eastern quartar of the ranch

Plaat Communicies and Cover Types

1s a Doum Palm-high grass 'savannah.'" Scattered Doum Palz trees wvith a.
HQvparthenia tall-grass undersctory predominaces throughout. In this pre-_
dominacly grassland associlation, regeneration of young palms has become

a nanagenent p-oblex. Also, to the south and easZ, Acacia zanzibarica

has invaded in sufficien: densicy to class some areas in the nixed Bushed

Grassland type. A false Acacla, Dichrostachvs cinerea, and cat ciav,

Harrisonia abyssinica, have also bLecose troublesoma invaders hare. Ilopor-

tant high grasses are Hvparrhents 2issoluta, H. filivendula, H. rufa, and

Androooron schirensis. Keavy grazing converts this cocposition to nid-

_grasses, such as, Digitaria scelarus, Bothrichloa glabra, Dactvlocteniim

aegvptium, Erogrostis suvperba, and Cvynodon dactvlon. Coz=o0on traes bezides

Doua Palm that constitute the overstory of this Wooded Crassland, and

spcrced cthroughout othar oajor Grasslands as well, are Sclerocarya caffra,

_Tazatindus indica, Tersinalia spirosa, Figelia aethiopua, Balanites aep., and

3oscia sp.
The nixed Wooded Grasslanda/Bushed Grasslands of the central uplands
ara the docilzant cozmunizies batwaen the grouped zree forest islands.

Cocxen trees are tha conspicuous Baobab, Adansontas dipftaza and Euphortia

candelabrun, the everpresent Doun Palo, lMvphaena thebaica coriacea, and

abundant Terminalia spinosa. Many trees and shrubs found (n the Crasnlands

of the eastern coasctal szTi{p above are alzo comzon in this upland vagetation
nosaic as vell. Ocher trees more coz=on to the uplande are Strychaos ap.,

Manilkara suicata, B8rachvategia sp., Albezia sp., Cozhretua sp,, Dalbercia

Y |



sp., Diosovros sp., Mizusops sp., 0ldfieldia sp., and many others less
prozinanc.

Examples of bush and trocblesome shrub epecies in the Bushad Grass~-..

lands and Bushland Thickets are Acacia malifera, A. nilotica, A,_znnaibaricn.

Lo=ishora africana, Termiralia svinusa, and Brachystegia sp.

Understory grasses of both Wooded and Bushed Grasslands are here
_again repeaced frc= the ccaszal strip; pri=arly, Hvoarrhenia species
doninace. Other species, pechaps owing to g:ieater moisture or different

grazing and burming patterTs, include Panicu=z raxicun, Dizitaria scelarun,

Heterovogen contortus, Thcaeda triandera, Chloris sp., Soorobolus sp.,

and Ariscida keniaensis.

Trees and shrubs of =he isolatud Eve-green Forest islands, bosides

soze of those mantioned above, include Oleoz africans, Warburgia stuhlmannii,

Afz iia cuanzensis, Acokanthera sp., and Ficus sp. In these forest islands

are many creapers and liara type species, such as, Euphorbia sp., Smilex
sp., and 7exacinus sp. Although the forast floor is usually davoil of
herbaceous plants, occasioaal Sanseviaria sp. and other succuleatc do
occur. whare breaks in the normally cortinuous canopy let sufficient
light dowa through zo the piak sandy lictar-covered forest floor, Panicun
paxinmus is cha dozinanc grass. Apart fro= licnas and creapars on trees
thaz sur-ound che shasp fores: adge cctone, as;haragus fcrm is the only.
othar conspicuous vegetative fescure. Thera appears to be little i{ any
concaniric vegetative stratification within these forest islands.

Ths Rivarine Forest along the Msangazi Rivaer also has a closed canopy
condition vith very tall trees ccaxon to coastil riparian habitacs. Thasa

gallary typs forests are costly confinad zo the immediata sireanmside
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position which provides sufficient moisture to maintain tall trees through-
out the dry season. The width of the riverine forest crown spread varies
from as little as 15-20 m in the narrower parts to upwards of 400 o in

the widest places.

_The flood plain has a sizple flora; vigorous Hyparrhenia grasses’
dominate the landscape. Local invasions of Acacia zanzibarica and A.- paolii
_have dicinished grass production in spots; A. melifera, which is often-a
tree on the flood plain, is apparently not noxious in this type. Several
large areas in the rich alluvium have been cultivated for rmaize production
as a source of food for the ranch labor force. The high maize production
and tall Hvparrhenia grasses attest to the good fertility of the darker
flood plain soils.

Tributaries that draiz the uplands emerge onto the flood plair from
the valleys between the upland ridges; Riverine Forests ltop'abruptly
and give way to tall Grassland drainage-wvays nsar the valley headwaters.
Perhups this indicatas insufficient moisture from the szall sub-watershads-
in pioviding sufficiert permanent year round moisture for tree growth,

Furtherback along the small watersheds, into the central uplands, a
conspicuously drier mixed forest rings the sharper breaks of the ridges
and draizage headwaters. Just why this condition is produced is-not knowmn.
In all probability, the cause is not associated with the phenomena produting
the forest islands scattered throughout the mors level tarrain of the:
uplands. On the uplands the evergreen forest condition is perhaps an
interaction between edaphic conditions produced by the forest itself
and a history of fierce Zires in the surrouzding tall grass glades.

Isolated grouped-tree-grass glades iz other pacts of East Africa are
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are often a function of shallow pans which trap moisture, termite colonies,
or similar micro-habitat situations related to soil moisture retention..

The whole of the ranch is covered with subterranean termites
Odontotermes sp. axcept for the broad flood plain of the Msangazi River..
These- low 30-40. cm dark brown to black hardened vent mounds stand out in
sharp. contrast to the surrounding light brown sandy surface soil. -No
evidence of termite mounding was apparent within the more heavily forested
or wnoded areas. Termite mounds were equally comspicuous in the grazed fly
barrier clearings.

" Forbs have not been mantionsd in the community descriptions but this
is not to diminish their importance in the total flora though they are a
relatively minor biomass component relative to trees, bush and grass. No
unique community relationships seemed to be associated with the forb
cozplezent. However, several naturally occurring legumenous forage species
are comaon along the western coastal strip. Cozmon are Stylosanthes
fruiticosa and Glycene javanica. Somse low shrubs and semi~woody forbhs.

also occur generally throughout the razch. 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 fornc; occupation of isolated tracts of land within the--
site.

Several unusual plant coxzunities were found throughout the ranch:
Some of tha larger poorly drained depressions contained aquatic grass-
like sedge stands of pure Cyperus sp. Occasionally large such stands
are encountersd in waterlogged sites on the Msangazi flood plain. Certain

resarvoirs have rush~like species surrounding them near waters edge.

¢



Some ponds and stock tanks contain floating lilies and '"swamp lettus" or
"pigtia." Several kilometers beyond the point where the Msangazi River
‘crosses ‘the northwest ranch boundary, mangrove swamps begin and extend for
several more kilometers to the Indian Ocean. The estuary here:is a_com«

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



PLANT LIST

TREES AND SHRUBS

Acacia ethbaica Minmusops sp.

-Acacis melifera Q0ldfieldia sp.

Acacia nilotica Olea africana

Acscia paolifl Sclerocatva caffra

Acacia zanzibarics Soilex sp. B
Acokanthera sp. Strychnos sp. =
Adansonia digitata Tacarindus indica o
Afzelia cuanzengis : Terninalia spinosa

}g;nnitfg sp. Texaminus sp. o
.Sorassus sp. Warburgia stuhloanaid o
Boscia sp. |
Brachystegia sp. CRASSES AND GRASSLIKE .
Lonbretus sp. Andropogon schirensis

Comiphora africana Aristida keniensis

Dalbergia sp. Bothrichloa glabra o
Pichrostachys cinerea Chloris sp.

Digpvros sp. Cynodon dactylon

Quphorbia candelabrun Cyperus

Iicus sp, - Dactvloctaniua aegvptium
Harxrisonis abysginics Digitaria scelarum )
Byphaene thebaica corisces Erogrostis superba L
Kizelis secthiopym 7 Hvparrhenia dissoluta

HManilksrs sulcata Hyparrhenis filipendula




PLANT LIST

Hyparrhenia rufa

Pan”’ ;um maximum

Sporobolus sp.
Thenmeda triandirn

Boscia sp.

Cassia sp.

Croton sp.

Euclea sp.

2

cene javanica
Grewvia sp.

Sanseviaria sp.

Stylosanthes fruiticosa

17
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Table 1. —- KEY TO PHYSIOGNOMIC COVER TYPES -~ MKWAJA RANCH

e e i e et e -

e e e

Forest = Trees or single stemmed shrubs greater than 5 m tall with
1002 crown cover

Woodland = Trees or single stemmed shrubs greater than 5 m tall with
less than 100Z crown cover, i.e., not.touching Y

Bushland)

Thicket ) = multi-stemmad shrubs less than 5 m tall with greater

Scrub ) than 50% crown cover

Wooded Grassland = trees or single stemmed shrubs greater than 5 m
tall having crown coverage between 10Z - 50

Bushed Grassland = multi-stemmed shrubs less thaa 5 m tall having
crown coverage between 10Z - 502

Crasslands = areas dominated by graminoids having less than 10X
shrub or tree crown cover

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

bination but coverage may not exceed 502

1/ - Grouped-tree grasslands (forest islands) may be interspersed

with any of the classifications above.

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

potential and Tsctse fly habitat
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REPORT OF TSCTSE FLY PROJCCT RECVIEW COMAITTEE
Tanca-'d-2ia, Tanzania, Janusry 24-25, 1977 F\\

The-research progran on the use of sterile males of Glossinz .

morsiteas is now concluding Fhase II, the devciopment of fly production
mors-v&27

pethods and preparation of a field test site. Since the last review,
the project has corpleted its building activicies, dezonstrated the
capability for recring cufficiant flies for a release cperatien and
initizzed population analvses and f4eld studies pursuant to initiating

the Phase ITI; a field trizl during the latter part of calerdar year 1977.

Tha current status of the prograc is adequately described in the
working papers presented by the research tean staff for the Review
Comziztee (Appendiz: 2). Following a thorough review of this materiel,
close icspection of the facilities at Tanga, and a visit to the field
site, the Committce recoc-ends the irplementation of Phase III: The
Comanittec debated the rexaining requirerents and the operational planning

for Phase III. A brief surmary of the agreed procedurcs follows:

Fly rearing and htost aninal nroduction at Tanga

The fly colony is being increased so that it will resch the maxizum
level of 45,000 ferales and 15,000 =ales sometina from June %o Septeuber.
When this is achieved approxizately 35-457% of the females arnd 257 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 a: that time, between 800 and 1,200 males will be available for

4l



‘daily roleass. These nunbers 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
deternine if they -have similar survival and dispersal characteristics
and, if so, the less productive Internal II colony will be disbanded.
Recent genetic studies have shown that the Tanga strains are similar
to the !Mkwaja strain; therefore, no further atterpts will be made to
incorporate the Mkwaja strain into the rearing program. However,

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

and field and laboratory tests (Mkwaje and Seibersdorf) will be conducted

to agsess its viability and competitivenecss.

To provide replacereant stocks in the event of a diseaster in one
of the insectaries, a back-up colony of the internall strain is being
maintained at the IAEA Seiberdorf laboratory. This strain, currently
3,500 strong, will be increased to 10,70 females prior to iﬁitintion:of—
the releasc prograzn. The back-up colony will be able to supply up to
13,000 pupae upon decand plus 430 daily threafter. This colony is teing
maintained exclusively on preserved horseblood using membrane feeding
techniques, and has a sonevhat lower mean pupal weight than animal-fed
flies (28mg vs. 30ag, respectively). However, its facundity currently
exceeads that of the animal-feed colony by about 237. Tests will be
conducted to deteraine the reason for this large difference in order to

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



initiating a second back-up colony (5,000 femdles) at Langford is under

consideration. Vhen sufficient numbers are available it may be .possible
to test flies of the back-up colonies in the field. Cytogenetic studics
-will be conducted at Langfqrd to .determine the similarity between the

back-up colonies and the parent Tanga stocks.

Because of the presence and importance of G. nallidives at Mkwaja
Ranch, an attempt will be made 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. morsitans has been achieved.

Approximately 550 goats and 110 rabbits will be required for maximum
fly production. These numbers include proviaion for reserve and sick
animsls. It is anticipated that adequate numbers of both hosts will be
on hand by March 1977. The rabbits will be utilized in one or more
insectaries as hosts for the stud males. Female flies will be fed on
goats routinely, but the presence of rabbits provides an alternate host
for some of them if requirad. To prevent disruption in the availability
of these hosts, continued ezphasis will Se placed on daily veterinary
" surveillance, provision of adequate insecticide-free foods, controlled.
herd management and breeding techniques. 1In addition, goat barn
modification will be urdertaken to upgrade the goat quarters in Insectaries

I & ITI to that of Insectary III.

N\
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Handline, Transport and Sterilization

___aj—.———————-——_-

Studies at Tanga have confirmed the suitability of irradiating
pupae in a nitrogen -atmosphere. Further work is scheduled to determine
methods of pupal storage to obtain optimum mumbers of viable aterile

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

purposes.

The current concept includes allowing the bulk of the females to
emerge at Tanga, thea coaling the remaining pupae (zostly males) for
traneport to Mkwaja Ranch, where they will be irrsdiated and released
prior to cdult emergence. Testing will include an assessment of
stockpiling male pupze to reduce the number of trips required between

Tanga and Mkwaja.

Perrier Methocoloev zrd Fly security at Mkwaia

Insecticidal Barrier:

The 1 Ka wide cleared barrier will be completed between March and
June. The barrier will be reinforced along the outside perimeter with
residual applications of 5Z DDT on the lower 10ft. of trees greater than
4 inches in diameter and on the undersides of the lower branches. -Based
on available inforration regarding the width of a dialdrin barrier. required.
in Tanzania and Ugarnda, the initial barrier testing should utilize a
300m. trectment swath. This test should include at least 3 linear niles
and perhaps cover the entire portion of the barrier separating the

treatment and control areas. Treatments should be at bimonthly intervals

59
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and biloassays will be conducted to assess the degredation of the residue.

Several techniques should be utilized to determine barrier
effectiveness and it nust be recognized that failure to detect fly
movenent .across the barrier will not necessarily demonstrate that 4t has
not occurred. Fly movement scrves as the major means of #ssessing the -
effectiveness of the barrier. Laboratory-recared 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,
marked and transported to the outside of the insecticide treated barrier
for release. This activity should be contirous for a 6 to 8 week period
end, if no cigratlon is detected, should continue thereafter but on a
less intersive basis. Several bait animal capture stations will be
established along 'the inside perimeter of the barrier and manned during
week-days curing the tests. In addition, flyround surveys and possibly
electric grid trapping will be used to capture flies and detect nigrants.
All migrants from outside the treated barrier will be placgd individually
in tubes, killed in the sun, and chewnically analyzed for insecticidal

content.

If the 300m insecticidal barrier is not cuccessful, the width will
be increascd and the testing repeated. In the evenrthat the barrier is
still not coopletely effective, a maximum barrier of 1 lm will be
evaluated; 1 thig treatment is sufficiently effective, the rcleases

will be conducted using a 1 km barrier. The full insecticide barrier

(Lo
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will be completed at least 6 weeks before the initial population

suppresasion.

To encourage an adequate asscssment of the release of sterile
males, evaluations will be conducted in both the outer perimeter of the
releage-area and in the ..inner core. Evaluating the information in
this manner ﬁay make it possible to determine the influence, if any,
of immigrant flies and thus judge more accurately the efficiency of

the released rales.

Fly Security

Fly gates and/or deflying chambers will be established at the
access roads to the release portion of the ranch. Movement by ranch
animals between the north and south sections and in the cleared barriers

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

Population and fertility sssesement at lfiaraja Ranch

Flyround activity will be continued throughout the pre-release,
release, anc post-release periods, although the total weekly flyround
activity nay be reduced. In addition, bait stations will be estasblished
as will the correlation between screen and cattle flyround capture
efficiency. These techniques, supplerented by other trapping methode
that may becore available, will provide data for esticmates on population

density for rorsitans and pallidipes males as well as apparent density

bl



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

wild male ratios directly and to identify the recleased females.

Female fertility assessment will be conducted by the following @ethoda.
The incidence of reproduction mn;function will be observed by dissection
of captured females and cémpared 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

susceptibility of corsitans to toxaphane residues on treated cattle.

An asscssment of trypanosoze transmission will be made by conducting
or contracting work on infection rates in both species of fly, randon
sampling of up to 102 of the cattle herd, and obtaining such information

on infection rates arong wild animals as is practical.

Fly rcleases will be continued for a minimum of 6 months following
the last capture of a sterile wild fexale (1f the barrier is completely
effective) and surveillance will continue for an additional 6 monthz
If the barrier is completely effective, the continuation of release

for such a prolonged period may not be required.



Population suppression at Mkwaia

Bascd on preliminary estimates of the population density of
G. morsitans at Mkwaja Rach, 3 ULV insecticide applications will be
required. It is estimated that if 902 control is achieved wvith each
application, it will be possible to release dailf 2 timds to 4 times
more sterile males than the number of wild males that will be emergisng
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 feagible,
the application will be applicd with the Cessna 185 aircraft currently
based at Arusha. Additional equipment for the aircraft will be
procured from the cormercial operations contracted to perform the work
snd an experienced consultant will be obtained to oversee the application
progrsm. The current estinate calls for the interspray interval to be
15-18 days. The most opportume time for the operation appears to be
between September and December, when the foliage is at a mininum and

prior to the foliage flush that normally preceeds the rains.

The effectivencss of each application wvill be monitored by standard
flyrounds and/or standing bait fly capturesw In addition, variations
4{n control levels duec to differences in the bush canopy will be determined

by bioassay at selected sites.
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Release Sequence at Mkwaia

Following the first aerial spray application sterile males may
bé released in areas of maximum fly density to obtain some level .of
reproductive control on the subsequent females emerges. These
relcased males will be destroyed by the cecond application, but by
that time they should have exerted sore effect. Similar releases
may be conducted after the second application. Following the third
application the releases will extend throughout the entire :elease
zone, with linited numbers being released in the barrier zone. Current
caleulations indicate that it will be possible to achieve a ration of
2-4 sterile males to each wild male at that time. This should cause an
irmediate reduction in reproductive capacity and significantly reduce
the size of thc subsequent generation. Releases will be continued at
the maximun rate possible, with due consideration for irregular density
distribution through the release zone, in order to obtain the naximun

rate of populction decline.

vIn all probability releases will be made daily, with ecach release
site being serviced from 1 to 3 times weekly. FPupal irradiation will
be conducted at Mkwaja Ranch to take maximum advantage of the stimulated
emergence caused by irradiation. The irradiated pupac will be packed in
small containers under a layer of inert material containing flourescent

power. The containers will be distributed to sume 250-300 selected

A
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relesse 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.

Corpletion of Propramna:

The effcctiveness of the sterile rmale programe should be
evident by the end of calendar year 1978. Although releases may be
continued after that time, an analysis of the operational feasibility
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 Cocmittee, and subsequently by other interested
parties and organizations. At that time finsl preparations should be
undertaken to renew the prograrme for such large scale operation as will
have been decided upon between now and then. Potential areas for future
operation discussed by the cormittee include Hkvnja(gallidines). Zanzibar

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

KXonnerup/David Dame:vdw:2/18/77
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ORGANISATION DES NATIONS UNIES POUR
L'ALIMENTATION ET L'AGRICULTURE

ORGANIZACION DE LAS NACIONES UNIDAS

PARA LA AGRICULTURA Y LA ALIMENTACION

FILE

01 3 a/75/98/nn. 2

October 1976

Third Draft Report on Insecticides and Apolication Equipment for Tsstse Contral

INTUSTRY COOPERATIVE PROGRAMME

and

ANIMAL PRODUCTION AJD REALTH DIVISION

Second Session of the Joint FAO/ICP Task Force on Animal
Trypanosomiasis and Tsetse Control - Bome, )0 March 1976
0930 - 1600 hrs. Philippine Room (C=277), PAO Headguarters

(presented by Professor P. Haskell, Director,
Centre for Overseas Peat Research, London)

The CCPR, in cooperatio
(Trypanoscmiasis Control), the WiO Division o
ipterented national and international institutions and private companies
interested in tsetme conirol, wills

Thig Adepe=t has been nrepired by the Centre for Overseas Pest Research
(COPR) ir accordance witn the terms of reference set out below at the
request ..f the PAO/Industry Task Porce on Teetse Control.

n with the FAC Headquartera Animal Health Officer
f Vector Biology and Control,

Make a review of information on insecticidn formulations and
anplication equipment used for tsetse control according to

the various control teckniques.

Praovide technical documents descridbing the requirements of
1n cticide formulations and application equipment.
Prepase a coordinated research programme aimed at improving

the technology of tnetse control.

Submit a report to the next meeting of the FAO/Industry Task

Porce on Tsetse Conirol,
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A==andix 1. Prounextios =¥ -y cormounds
ml R

=yprnattroids

2rocida; low solubility in paraffinic solvents but

¥3cC 161
ualioly to be forzulation problems as it can be used
t low concontratiorns; marmalian toxicity nich sad
gi=tl:r to 2ieldrin, AO rats 25-63 mg/kg; available
Ses 24012 trials.
ses=othria (CS=432%, ¥oIs <3y @ Various liconsees; generally hign solubility

ss unlikely to Se Zormulation difZiculties; ,1ow aasaalidn

tciieity, AO rats 1300 mg/kg; available for field trials,

ap=e=grhar=heruy somotve s

oirizetaphos (l..1-15Ck) 3 Sardsz] difficult to formulate as solution conconirates;
low macsolian toxicity AO rata  15C0 mg/kg; availadle
far 2ield trials.

Ciba-Ceizy; difficult to forculate as solutloz con-

azacsthiphos (CM8-1225)
cent=ates; lov maczalian toxicity, AO rats 750-1400 cg/
%g; available Zor field trials.

C:3.1283 (O-analog:a of fodZenphcs) : Ciba-Geigy; should be no forzulation
s=cblc=a; ooderate cazzalian toxicity, AO rats 373 ag/kgi
zvailable Zor laboratory testizg.

Janthion (&ie-2) $ zyar; =zo forrulation problecs; AO rats 213 ag/kgi
rcadily zvailable.

ghlosenviratos (CS-4122) @ Crell; Zorsulation probleza unlikely; hich
remsrltan toxicity, AO rats 12-56 cg/kg; readily available,

crotosysioa (Qr2e239) ¢ Cicliy forzulatton probleczs unlikely; rcocerate cacsalian
wagszite, AQ rats 129 ne/Kgr readily avallable.

arzzzet {CH5-232) 1 2 ulerp Zormulation preblezs unlixelyy coderate
prmealias taxicaty, AC rats 2X-2C0 ag/xg; readily

. "

saiq® * A
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&i:sotophos { Shell; formulation problems unlikely; high mammalian
tsxicity, AQ rats 16-20 mg/kg; readily available.
aalecd (CMS-75) : Chavson; would only be used as technical material for
TLV applicationa; very volatile; low mammalian toxicity,
AO rats 430 pg/kg; readily available.
tetrachlorvinphos (CO¥S-595) : Shell; difficult to formulate as solution con-
centrates; lov macmalian toxicity, AO rats 2000 mg/Xgs - -

roadily available.

srozophos -(CHS-658) Cola-liorck; no formulation problezs; low asrmalian

saxicity, A0 rats 2CCO cg/k3g; readily available.

Joéfenphos (oMS=1211) Cibe-Geigy; formulation problecs unlikely; low zacmalian

toxicity, AO rats 20C0 pg/kg; resdily available.

- — —— - —

e-~"=amates

gropoxur (Cxs=33) : Bayer; mnay be some difficulty {n for=-ulating as nigh
concentration solutioasg coderate oamxzalian toxicity,
A0 rats 35-120 mg/kg; readily available.

Sondiocard (OMS=1394) ?iaoﬁn; difficult to forzulate as concontrato¢ solutions}
poderate to high samzalian toxicity, AO rats 35-1C0
pg/xg; readily availabla.

b
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Arn-adix e Rotc.rjr win~ aireraZt nqniications of ron-residual insecticides

Habitat - rivorine gallery forests |

Aain species - G. ma.2alia, G. tachinoides

Legostion - Haut Africa

Insectigides - ondssulfan end 1 alternative non-persistent -
insecticide

A=alicatios eouinzent - 3:11 472Gy or 206 holicc:a:o_x: {fttod vith electrically

sowerad rotary atomisers

pRR:] £
=atozologiat 2 e/a 5,200
Lalicatioz expert t /a3 2,500
1 field officer 2 a/= . 1,500
_12 7.y boys 2b m'a 1,500
vuyc00oicg sesvices T L3/m 5,9%0
Jines costu 2,C00
ocnczicides 500
Caticeter (65 .uurs 8 £1,2C0 par hour) 78,000
Total 97,130

‘szulfan to be uged in sruliminary trials to establirh viability of tocknigue.
#paTOX. $ kn of river to bo troniad in each trial. This techaique is only to

- qongidered in ecergency sizucticzs because repeated applications by helicopter

v cvcoromically proniiiiive.

Best Avallable Document

Cests as at June 1975,
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PERSQMS COMSULTED

Ayuko, L. J. = Head Range Management Div., Min. Agric., Nairobi.

Barnes, Chas. M., Dr. - )anager, Health Applicacions, NASA, Houston.

Blaser, Exel - Managae:, !lxwaja Raach, acboni Estaces, Led., Tanga.

Child, G. S. - Wildl4ili Spacialist, Forastry Branch, f.a.0.,—Roocae.

Griffich, Milzon - USAID/2ange, Coas: 2rsvizza adviscr, licabassa.

Haffor=zh, 2oy = USAID/2ange HManagemenz 2ragraz= Aduiscoatrast

Hennassy, Jr. - Mycologis:t, Socanv Oepc., “niv, Dar as salaam.

Xasule, F., Dr. - Zcologisc, Zooliogv Dept., Univ. Dar es Salaaz.

Hagzia, M., Dr, - Livestozlk Sconc=isc, Anizal Production Div., F.A.D., Roaw.
wduagudba, L. C., Dr. - Technical Systems, Re=ots Sansing Section, F.A.0., Rona.
Polhemus, John - Rezota Sensing, Marzin Marrioectta Corp., Danver.

Poulton, Chas., Dr. - Chiaf Pascure and Fodder Crops Branch,.F.A.0., Rocza.

Reichard, Robaert, Dr. - Veterinary Services, Africa-Europe (APHIS), Amsrican
Iabassy, Rones.

Risopoulos, A. ~ Technical Officer, Pasture and Fodder Crops Braach, r.A.0.,
Roma .

$idiq1, Dr. = Ecologist, 3otany Dept., Univ. Dar es Salaaa,

Touzp, E. C. - Tana River Development Authoricy, Nairobi.

Turcle, E. E., Or. - Pescicide Ecologist, Plant Production Div., F.A.0., Rous,
— Visconcid, C. - Soil Sclentist, Mlingano Research Scation, Tanga.

- Bydrogeologisc, German Water Dav. Tean, Watar Dav. Depc., Tanga.

I‘Ul;\(’ R.L(n'r - A”Tt'.'.laa1 o }llb-u‘b-J gﬂc“nl;
Olhiashs, thomas. >iede.  Te1PE

Disang Abda) . Chasrman Dept. § 200 legq, Univewn T of
s Abdul - 4, PP 5
(Z;DtJ 1 Bataan ktbb



1.
II.

111.

Iv.

v.

Appendix R

BIBLIOGRAPHY
( by Subjects )

ECOLOGY AND ENVIRONMENT,

TRYPAIOSOMIASIS==The Disease,
TRYPANGSOMIAS]IS—=Incidence and Problems,

TRYPANOSOMIASI S—=Chemotherapy.
TSETSE FLY RESEARCH AND TECANIQUES,



I. ECOLOGY AND  ENVIRONMENT

Boemuy, J. R 19GS. Bush contiol in Kenya, US.ALD,
Mision. Min. Agr, Nairobi. kenva, 44 p. (processed),
Dexxey, Riciiane N. 1970. Wilidlife and livestock: can

we have both? Alricana 4:18-20,

Dyksterhuis, E. J. 1957. Savannah concept and its use. Ecol.
38: h3s"m‘2a

Zdvards, D. C. & A. V. Bogdan (1951). Important Grassland Plants of Kenya.
Pitcan & Sons, Nairobdi. 124 pp.

Eyre, S. R. 1963. Vegetation and soils -- a world picture.
Aldine Publ.Co. Chicago. 32L p.

Foup, 1. (1966). The role of alephants in controlling the distnbution of 1seise-Nres.
=1LU.C.N. Bullatin, na. No. 19, Apnil‘June, p. 6.

Foap, ). (1971). The role of the irypanosomiasis in Alrican ecology, 368 pp, =
Oalord: The Clurendon Mrass.

The R ¢ 7irs and Other Human Influcnces on
Olover, P. E. (1966). “he "ole ol rir .
tao Savannah Habitat with sone Suggestions for Purthor Research.
(Speech given at the UWDP of TAO, Ihartoun.

Coury, F. D. & Butcn~en, H. K. (E4) (1968). A practical guide 10 the sudy of
peodittivity of 1arge harbiveres. | B P, 308 pp Handbook No. 7. -« Oaxlord.
Dledh wel! Screntife IPubicatont

Heaov, M. F. 1960, Rangc management in the scmi arid
uvepia of Lau Alria sccording 10 printples ileveloped
In 1empersie climaies Proc Bth Iniern, Crnl. Cong.
8:223-22¢8.

Hramy, M. F. 18G4, Rougidad develapnnem in Lau
Alrics. Seminar serien, Jns. Inern. Siudias, ApS. 15,
Unir. Calil, Berkeley, 14 p. (prosersed).

HaL J. V. R & Morrirr, ). P (1935). Tergenpiba. A reviw of ny resources ond
thair developmant, Y14 pp. = Dor-es.salssm: Government af Tongenyila.

Nopkins, Brian. (1965). Yorest and Savanna., Heinemann Educational
Books 1td., London.

Keay, R. ¥W. J. 1959, Vegetation nmap of Africa south of the Tropie

of Cancer. Oxford Univ, Press. London. 6 p.
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‘Xeay, R. W. J. (1951). Sooe lNotes on the Ecological Status ef Savannah
Vegoetation in Nigeria, pr. 57 - €8, in the Manacenment and Conservation
of Vegetation of Africa: a syoposiuty, Bull. 41, Cozo Bur. Past. and
Field Crops.

"7The word Savannab is bere used for vegetation in wkich graas is
dominant in the berd layer, and the treesz 2nd shrubs, often widely
spaced, possess some degree of fire-tolerance, Grass fires ocour
ainost every dry season in aroas ol savannah vegetation,

OSN, FLovE U, TG Cultural conllicis with the cantle
business in Zamhia, Alrica. ] Rauge Mailage. "19.367-470,

Lexon, Paul 1968. Effccts of fire on an African platcau grassland. Eiology,
49, 316-322.

. 1968. The biology of zcbra on the Nyika rlateau (Northern Ncgior
Malaui, Africa). Soc. of Malzui Journal. Vol. 21, No. 1, 13.18.

. 1967. Effccts of firc on herbs of thc southcastcrn U.S. and
Central Africa. 6th Annual Tall Timbers Fire Ecolozy Conferunce,
(Tallahassece, Florida) Proc. p. 112-127.

. 1964L. MNatural Cormunitics of the M3alaui National Par’, The
CovcYnment Printer, Zorba, Malawi, 1-70.

Mawowy, C. M. O, ane M. F. Heaov. 1758, Grating con-
divions in Kenmya Maniland. ], Rauge Marage 18
~65-272

Masov, 1. L, anp J. P Mavir 1960, The indigcnown
auk ol cavucrn 1ud souhern Aua. Commonw, Agr,
Bur, Dorks, Ergland, 13} p.. sllus

Naven, T 1586, The reed lor integraicd range resesrch
in Lan Afna Trop. Agr. Trin, 43:91.98,

Phillips, Jokn. 1959. Agriculture and ecology in Airica,
Faber and Faber. london. L2L p.

Pratt, D. J. & al. (1966). A Cloesification of Zast African Ranzeland,
witr an appendix on ‘erninology - J. Appl. Lcol. T 369 - Sg!.
"Savanna or savannab: A vemnacular term applied oricinally to
certain types of grazsland in South Acerica which has at one tine

or another been used %0 describe aloost every type of tropical
vegetation from gracsland to woodland.

’L \



Skovlin, Jon M.
seni-arid trop!

1975. An apprrisal of range conditions in the
<8 of East Africa. (To Le suba:
Journal publication following Fabk-

ttad for Range
uary precentation.)

* 1972,

The influunce of fire on icportant range
zraslcl'of East Africa.: Tall 7Tirbers Firc Ezology Conf. Proc.,
Tallahansce, Florida, 10:201-217.

1971. Ranching in Eas: Afvica: a case scudy.
J. Range Manage. 24(4):262-270, 3July 1571.

1971. Sowe aspects of range rezezrch a;d i‘-L
enyva,; -= Ecologica

t in the scni-arid zonws of Kenya; Annex L

;:132;¢n18 p. Annex 11 - A =ethod for deteraining range condicion

and trend in Kenya, 75 p.;

.CP/SF/KEN 11, Tech. Rep. 1, Rose, 15 p.
Tarsgr, L M., H. P. Livrra, avo W, Jo A Pavar 196
The sibility of wising wild animals for animal produg.
tion in ihe semearid oy of Euw Aliica. Trans. Sy
Imern. Cong. Anin. Prod. Hawburg, Ganmany, '8 208
10,
Unrres Nations Daviworsviaat Procmast, 1969, Preinvest.
ment surve. repont of randung

potential. Kapuuiei Sec.
tion. Kajisdo Dinne, Kenya. Range Proj., FAO., Min,
Agr. Nalrobl, Kenpa, 131 p. (proceiscd).



Al VY., Al ‘can  1evpancgianiagis)
repurt o] u jomt FAOIWHO Eapent
Comnntiee, Rome, raww  Agnivuliural
Siudy No. 31

IvrennaTionat. Scieninae CoumsiiL rom
Tuvrano Reskam it ano Contaot. 1971,
Thirtcenth mecung.  1ag0s, OWU/MTR.
Publicanon No. 108,

Ine role of tne trypDanOsomiases IN Abcican ecoloQy! A stuly
of tne tsetse fly proDles

fora. John

Osford. Clarencon Press 5868 p. (1lus. 197

OLSCRIPIORS~ TrypDanosomiasis. Tsetse-flies

NOTE- BiDliograpny: p. .497.-530.

lsr{io-llucor och trypanosomer { afrikansh ehologi: Tsetse
!||o| .Glossina. ang trypanosomiasis tn African ecoloQy

LANGUAGE~ Swi

Jaenson, T

Fauna Flora Pop Tiashr 810} 70 (1) 13=17. Ret. Eng. sum.
Mar 1978

tcoloalcal effect of control of African teyDaNnQSORNIagISt! 8
connection Ccetwesen tne wast African cattle inoustry and
Sanelian arouant s possibie .Glossina, vectors.

Ormaroa. w £

Science 197 (422911 $15-821, Maps. Ref. feb 27. 1978

DESCRIPTIORS~ west Africa

Les Qlossines (Oiptera, Glossinicae) Ou Senegall Lcologre,
rFepartiItiOn QeOQrepnique @t ‘NRCICENCE Sur @8 LPYDANOSOROROS!
Glossins {ODipters, Clossinicae) tn  Senegal: tcologQy.
gsoQrapnical oisteinution ang thetr tnclicence on
trypanosomiasis

LANGUAGL- F Nl

Toure, 3 8

flev (levage wed Vet Paya roo {new ser.) 24 (4): 331-58),
ss0. Hetf, [ng. sums, 1971

Best Available Documei’
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II. TAYPANCSOMIASIS -- THE DISTASE

Tne soplication of tne incirect fiuorescent antiboody test 10
s8m0les ol sers Ana Oriec Dlo0a from Catlle 'n TNe LAMDwe
Valley, South Nyarnza. henya. .Trypanosomicsis.

Asnnar, T: Oecnila, M

%orld Healtn Organ Bul) 47 18): 769-172. 1972

DLSCRIPIORS~ Kenya

Teryzsnosomiasis 1n comestic animals of Irag
atl. A J: Al=Knat'bD., G ™
:-.lavol Vel Koo AssocC 32 (3/4): 2583-206. map. July/Dec

A Survey of the relaticrahip OFf Qenetic rarmgrg,
tich=inlestation level ana parasitic Cineasens in leDu catlle
in 2amdis. .Tryganoscmiasiy,

Carr, w R; vacleoc. J; woci’, a: SoccHer. R L
Trod Anim Nealtln 2rgg 6 131! 202-214. wman, Aet, NOv 1974
OL{SCRIPIORS~ Zamna

\s ang DNA
Bovine leukasia. IV, Trypanosgcmiasis. lymonoCylos:s
synines s . Trypancsoma tresters,

Cnander. $: Giiman, J ? w
Can J COmD Meo 39 (V). 94-100, Ret. Jan 1979

Serological stuoies on trypancsomissts In Cast Aterica, .
Introauction ano tecnnigues. .Glossinas, veCtors.
Dar. 7 A: wilson, 4 J: Cosdbnloeo. L. Ligtnart, G S: Minter,
Dm

Ana Trop Ueo Parasito) 7 (1)1 2v=29, Ret,. Har 197)
DISCRIPICAS~ usanca. Kenys

Serological resctions in esperimental trypanososiasisl
Protective efltect af 1% temuncgloduling in Trypandsosa
Osm0ende Infectlion, .Rapditis.

(~ejuaive, $ C

fu)l loigootr Dis Afr 22 (V1! 41-50, Mar 1974

jemunosuppDression (N trysandsosiasis LYrysancsoma DruCeb,

Cutecy. v A: Jennings, P W, Murray, M. Urouhart. G M crovre

Proc Inl Cont worlo AssoC Aav Vet Parisorol éint 3 Te.
Ret. 1973 (pub. 1974)

. . n Eas: aterca. ¥ 4,

$erotogrcal stuoies Of ‘ryDancCsom a3 ’
Compartsany of antigenic \yoes of Yr,gnnn:a:a Druced 3.30F0VD
erganisas 1s0laled from wilo Lselde fiiss. .Cicssina. .

Coeadicea. L; Lratnart, G 3: Minter, T M. wilson. & Ji oor,
O R} Parre, J .

A;n Trop Meo Parsstitol 87 (v11 21=4, Mar 197)

CAY COOL~- 43995

foontaneous canine Trypasnoscmlasss Caused Dy Trypanosgay
Srucei ! meNINnQO-enCeznsiomyel ity eltn estravascylapr
|o¢n|o(¢1.on 0f \ryosnosmones INn (he brain

jnevs. 9 01 Losos. G Vv

Bult Loitoet Dla Atr 20 1311 213-228. Sspt 1972
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jmmyunosuoDress 0N INn DOvine trysanosomiasis

Holmes, P n: Mammo, E: Thomson, A: knvgnt. P A: Luchen, R}
Murray. P K: Murray, M; vennin3ds, F w; Lrquhart, G M

vet RAgc 98 (4): B6-B7, July 27. 1974

CAT CDOE- 30W0

A~'8a) trypanostoslasis: sOme fiel0o eaverrances. ,Trypanosoms
congdlerse. Cilo.rvina palpalis. vectors,

Na=ara, J A

Svarra Leons Agric 2 (11 28-37. Ref., fFeD 1972

OESCRIPIORS- Sigrra LeONe

Stuaies on the anemia In espgerimental Atrisan
trydasnosomiass. 11. Tne patnocenesis of the anemia (n calves
infected witn Trypanasoma congulenge

moLayssnt, A: Tizarad, | R; w30, P TV K

Am J lrop Mec Myg 2% (31 L01=AcE. Aef, Lay 1978

Patnology = esnerimantial 1rySanZsomiagryr in the albino
FA1.ra02¢1. cost and sneen--a Sreliminary report

Losos. G u: [weoca. 8 0O

Can J Comp uea J4 (J): 209-212. July 1970

NOTE- Biotliagraony: p. 2V2.

$tudies Y boving tr..ancazmiasig, Serum imnunogliooul in
levels i1n lZedu cattie ¢r50%ec 10 natural 1nfection 1n East
Alrica, Y- 58n080ma. vivax, Trycancsoma congolense.

Lucaning, A ¢

.Brit vetr 128 (10): %23-%28. Ret., Cct 1§72

Muwiscan, i W. (E4) (15

"3} The Alrcen Ty plnl;onj;‘ 940 - .
Alles and Unwia yparowomiaser, 930 pp. - London:

The etfect of a Dlocn=trestment regimgn,
Cattle Yryosnosomiasis In an enleaiC asrea
..‘-OM- P u

€ast 21r Ac~ Fforest u J6 i4): ars-41p, Agr 197

veino Etniaiym, pn

A study o! (ne antigenic relationsnins of 1so0lates of
Trybarosoms Drucet from three areass ‘n fast Alrica
«lmeunoiogical research on tryosncsomignss,

Paris, u: wilson, a Ji. Gray. 4 &

Ann Troo Mea Parasitol 1C 1v): €95-5,

Msg, Ref, [ ]
DLSCRIPICAS- Lant Africa * ¢ sr 1978

The efficienzy of oOifferent a+3:-0stic melhaoCh in snimgl
FyDanoOsimiagin: Daseod on surveys Carriea Gut N Nyanis
FOviINCa, Rgnys

Robson. J: aAsnnar, T §
8uit o100t Dis Arre 20 14): JZ2a-308. Dec 1972
OUSCRIPICAS~ menya

Tentn seminar on trypanososissis: AdDstracts of pDapers
Roye! 3ociety of Trodical Ledicine and Hygiene

foy 3ec Troo meo wyg Trans 84 (11: 138-100, 1970
®OTEk~ Inciuoes DIDVIGOraDNI S,

lemuneiogical ss0ectis of DOving trypenceomiasis, 1. jmaune
ressonse eof! cattle 10 INfacCt 10N with Tryoanosoma CONQO'ONSE
N8 the sntroenic variation of tne 1nlecting Orgenisms

wilsen, A J; Cunningnam, wu P

Lep Parssiio) 32 v 188-173, fNaet, Avag 972

til
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ITT, TRYPANOSOMIASIS == INCIDENCE & PROSLEMS

M.man trypanosomiasis In Ctniopia: ecology of J1Vupsbor

[-] [ ang [ ALK~ 00 ." th f “‘V"' f l' na 3 ‘
" vin [ ] n ep'aemi ov [ ] e. -]
aresa. ., VDI soma

Baner. J R: McConnell, E£: Xeny. D C: HaOy. J

Roy Soc Trop Med Myg Trans 84 141: 323~
w0TE= Binlioaraony: p. 329-530. 323-330. maps, 18970

Tne e011001+0'0Q0y. Drevalence ang econonic aspects of novine
trPyZan0sD v atL 18 W NiQgeria .Glossina, insect vectlor,
teyzanoscrs. Mmasaal sutlferers ano carriers,

tysuruoso. G C

PeoC A7ru Vret U S Anim Mealth Assoc 77tn: 160~179, Maps.
197) (pub., *'97<) ‘

CLSCR!FICHL~ NiGeria

Cantrotting Dovine Lrypanosomias's, The Cisease Spreac Oy
]
tsetse .Glosana.

nagan, D M wilmsnurst, £ C
worlag Crods 271 (6): 248-230. Nov/DeC 1973

‘."bc." 1r vDhbanaosc™ran g
. ..D:' t of a n ’ W aper

Joint FaQ0/wund Lape~t Committion
. oA African YTrypan
Rome 79 o. llus. 1969 vosnosoatssie
?01(- B:uiograpnical footnotles
StRif3- rooc anc Aorlculture Organizstion of the Unmited

Wations. 7a0 sgriculturel studies no. B
. [#Y] -
SOURCE~ FAD D3C Yv2L~ mMONOZRAPH ' cn= 19dsoceo

A& Survey Of trypanososiasis witn certicular reference O
TiveslOCh, in 1 @ sOuln~cest Drovince of Liniopla, .Glossina,

Rewld, W

BtV Lprvioot Dy Afr 19 (3): 243-23%. map. SeDt V9T

A " ecto”s
Atrican trypanatomisses, .Animals, Clopatfia v *

n, 1 v
:;:cv;l Sci Como Wea 171 119-163. me0. Rel. 1973

¥aN sosnat 1artse; S1rug)'e for Alrica
wirelive,. wo"n J

1i~aca. 0. ¢ Cornet) Univer Pras
L AP sttty [ Y Jod o ""o
LIS Y FE D B T &Y try " on Atr 7 "' : ontrel

Y.anGat e Belnods tn anieal LrypsnosOmiasis
Boiyneus, D n
ve) Pacanrted Vv S=vY, M, Juns 187%

Atrica’s Dane| The taetse Iy

NN, Tpmas Arihur Banly

Lenoon, Colling 224 . (1tlyus, 1949

DISCRIPIDRE- Teorse-tlies, Trypanosomisnis, Dipters, Afriga
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REPORT OF TSETSE FLY PROJECT REVIEW COMMITTEE
Tanga & !'kwaja, Tanzania, Jaauary 24-28, 1977

Th. research program to develop the sterile rale technique for Glossina
rorsitans is now concluding Phase II, the development of fly production
metbods and preparation of a field test site. GSince the October, 1975
reviev the project has completed its building activities, deronstrated
the capability for rearing sufficient tsetse flies for a release
operation and initiated population analyses and field studies pursuant

to initiating the Phase III field trial during the latter part of
calendar year 1977.

The current status of the progran is described in the working papers
presented by the research team staff for the Review Committee (Appendix

2). Following this current review of the material, close ingpection

of the facilities at Tanga, and a visit to the field site, the Committee pow
recormends the implementation of Phase III.

The Cormittee debated the remaining requirements and the operational plan-
ning for Phase III. A brief summary of the proposed procedures follows.

FLY REARING AD HOST ANIMAL PRODUCTION AT TANGA

The fly colony is being increased so that it will reach the maximum
level of 45,000 ferales and 15,000 males sometime from June to
Septerber. Vhen this is achieved approximately 35-L5% 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 reproductive
characteristics of the colony at that timec, between 800 and 1,200
sterile males per day will be available for release. This will provide

a daily release rate of_f-16 aterile males 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
deternine if they have similar survival and dispersal characteristics
and, if so, the less productive Internal II colony will be terminated.
Recent genetic studies hive shown that the Tanga strains are similar

to the !kvaja strain; therefore, no further attempts will be made to
incorporate the “kwaja s:rain into the rearing program, !llovever,
propagation of the mutant marker strain (now 1,200 strong) will continue
and field and laboratory tests (!kwa)a and Seiberadorf) will be
conducted to assess (ts viability and competitiveness.

To provide replacement stocks in the event of a disaster in one of
the insectaries, a back-up colony of the Internal I strain is being

naintained at the IAilA Seibersdorf laboratory. This atrain, currently
3,500 strong, w11l be Increased to 13,000 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 thereafter. This colony
is being maintained exclusively on preserved horseblood using membrane
feeding techniques, and has & somewhat lower mean pupal weight than
aninal-fed flies (28 mg vs 30 mg, respectively). liowever, its fecundity
currently exceeds that of the animal-fed colony by about 23%. Tests
will be conducted to determine the reason for this difference in
fecundity in order to improve the fecundity of the animal-fed flies

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

Because of the presence and importance of (. pallidipes at 'kwaja
Ranch, an attempt will be made to establish a colony of this species
in Tanga. This species will be maintained as a small research colony
in anticipation of a future progran with the sterile male technique

Approximately 550 goats and 11k rabbits will be required for maximum
fly production. These nurbers include provision for reserve animals,
It is anticipated that adequate nurbers of both hosts will be available
by March 1977. The rabbits will be utilized in one or more insectaries
as hosts for the stud maie tsetse flies. Fenale 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, and controlled herd manapgement and breeding schemes. In
addition, rodifications will be undertaken to ungrade the goat

quarters in Insectaries I & II,

HANDLING, TPANSPORT AliD STERILIZATIO:

Studies at Tanga have confirmed the suitability of irradiating pupae

in a nitrogen atmosphere. Further vork is scheduled to determine
methods of pupal storage to obtain optinum numbers of viable sterile
males for release, while at the same time conserving females for

colony purposes. The current concept includes allowing the bulk of

the females to emerge at Tanga, then cooling the remaining pupae (mostly
males) for transport to “kwaja Ranch, vherc they will be irradiated

and rvleased prior to adult emerpgence. Testing will include an assess~
ment of stockpiling male pupse to reduce the number of trips required
betveen Tanga and 'kwaja.



BARRIER METHODOLOGY AND FLY SECURITY AT MKWAJA

Insecticidal Barrier. The 1 km wide cleared barrier will be completed
betveen lMarch and June. The barrier will be reinforced along the out-
side perimeter with residual applications of 5% DDT on the lower

10 ft. of trees greater than 4 inches in diameter and on the undersides
of the lover branches. Based on available information regarding the
wvidth of a dieldrin barrier required in Tanzania and Uganda, the
initial barrier testing should utilize a 300 m treatment swath. This
test should include at least 3 linear miles and perhaps cover the entire
portion of the barrier separating the treatment and control areas.
Treatments should be at bimonthly intervals and bioassays will be
conducted to assess the degradation of the residue.

Several techniques should be utilized to determine barrier effective-
ness, although it must be recognized that failure to detect fly move-
ment across the barrier will not necessarily demonstrate that it has
not occurred. Fly movement serves as the major means of assessing

the effectiveness of the barrier. Laboratory-reared flies will be
marked as they emerge outside the barrier, wild flies will be nmarked
in the course of normal flyround activity, and additional flies will
be captured, marked and transported to the outside of the insecticide
treated barrier for release. Several bait-animal capture stations
will be established along the inside perimeter of the barrier and
nanned during week-days during the tests. In addition, flyround
surveys and possibly electric-grid trapping will be used to capture
flies and detect migrants. This activity should be continuous for

6 to 8 weeks and, if no migration is detected, should continue there-
after but on a less intensive basis. All migrants from outside the
treated barrier will be placed individually in tubes, killed in the sun,
and chemically analyzed at the USDA laboratory in Gainesville, Florida
for insecticidal content.

If the 300 o insecticidal barrier is not successful, the width will
be increased and the testing reprated. In the event that the barrier
is still not completely effective, a maximun barrier of 1 km will be
evaluated; if this treatment is sufficiently effective, the releases
will be conducted using a 1 kn barrier, The full insecticide barrier
will be completed at least 6 weeks before the initial population
suppression.

To encourage an adequate assessnent of the release of sterile males,
evaluations vill be conducted in both the outer perimeter of the
release area and in the inner core. ZEvaluating the information in

this manner may make it possible to determine the influence, if any,
of immigrant flies and thus Judge rore accurately the efficiency of the
released nales.



Fly Security. Fly gates and/or deflying chambers will be established
at the access roads to the release portion of the ranch. Movenment
by ranch animals between the north and south sections and in the
cleared barriers will be terminated prior to the initial suppression
of the fly population.

POPULATION AND FERTILITY ASSESSMENT AT MKWAJA RANCH

Fly round 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 wvill 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 morsitans and pallidipes males as well as apparent density
estimates and male:female ratios. 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 vild male ratios directly and to identify the released females.

Female fertility assessment will be conducted by the following methods.
The incidence of reproductive malfunction will be observed by dissection
of captured females and compared to baseline data and also to observations
made concurrently in the control area. Secondly, if feasibie, captured
females will be maintained for reproductive assessment in the laboratory.
Additional characteristics of tsetse flies at Mkvaja will be monitored
including analyses (in England) of bhlood meals from both pallidipes

and morsitans and the susceptibility of morsitans to toxaphene residues
on treated cattle.

As assessment of trypanosome transmission will be made by sampling
infection rates in both species of {1y and in the cattle herd, and
obtaining such information as is pfactical on infection rates among
vild animals.

Fly releases will be continued for a minirum 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 iL not completely effective, the continuation of releases
for such a prolonged period may not be required.

POPULATION SUPPRESSION AT MKWAJA

Based on preliminary estimates of the population density of morsitans
at Mkvaja Ranch, 3 ULV insecticide applications will be required. It
is estimated that if 90% control is achieved with each application, it
vill be possible to release dally 2x-Lix more sterile males than the
number of wvild males that will be emerging from pupae. Spraying



vill be conducted in the release area, with minimal overlap into the
barrier zones using endosulfan at a rate of 30 gm/ha per application,
about 600 kg A.I. per application. If feasible, the application will
be applied with the Cessna 185 aircraft currently based at Arusha.
Additional equipment for the aircraft will be procirred from the cormercia
operators contracted to perform the work and an experienced consultant
will be obtained to oversee the application program. The current
estimate calls for 15-18 day intervals between sprays. The most
opportune time for the operation appears to be between Septenber and
December, when the foliage is at a minimun and prior to the foliage
flush that normally precedes 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 resulting from differences in the bush canopy will
be determined by biloassay at selected sites.

RELEASE SEQUENCE AT MKWAJA

Folloving the first serial spray application, sterile males may be
released in areas of maximum fly density to obtain some level of
reproductive control on the subsequent female emergees. These
released males will be destroyed by the second application, but by
that time they should have exerted some effect. GSimilar releases

may be conducted after the second ajpplication. Current calculations
indicate that it will be possible to achieve a ratio of 2-4 sterile
males to each wild male after the third application. This should
cause an immediate reduction in reproductive capacity and significantly
reduce the size of the subsequent generation. Releases will be
continued at the maximum rate possible, with due consideration for
irregular density distribution throuchout the release zone, in order
to obtain the naximum rate of population decline. It is possible that
it may be necessary to stage the releases by releasing in a portion
of the ranch at first and subsequently extending the release zones.

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 Mkwvaja Ranch to take maxinum advantage of the stimulated
emergence caused by irradiation. The irradiated pupae will be

packed in small containers under a layer of inert material containing
fluorescent povder. The containers will be distributed to some 250-
300 pre-selected release sites along the existing flyrounds and in
the barrier zone. The actual schedule of releases and distances
betveen release sites will be detr.-ined following upcoming field
evaluations of the released flies. In addition to the fluorescent
povder mark on the released flies, a mutant narker strain may be
utilized to help monitor the effectiveness of the release innects.



COMPLETION OF PROGRAM

The effectiveness .of the sterile male progran should be evident by
the end of December, 1978. Although releases may be continued after
that time, an analysis of the program 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 Cormittee, and subsequently
by other interested parties and organizations. At that time final
preparations should be undertaken to renew the program for such large
scale operations as will have been decided upon between now and then.
Potential areas for future operation discussed by the committee include
Mcvaja Ranch (G. pallidipes), Zanzibar (G. austeni), Mafi Island, the
West Lake Project area, [landeni, and national ranches,

The committee suggests that the information generated from this
project and its related activities be published in the form of a
monograph containing the chronological aspects of the project as well
as the research accomplishments, data, analyses, and conclusions.

lb



 PAR? 1. . REVIEW OF INSICTICIDES AND APPLICATION IPMENT FOR TSETSE CONTRCL

FLE

Background

1. Vhen DUT became available in 1945 the East African Tsetse Research
Organisation soon shoved in the laboratory that tarsal contact with a sprayec
surface for a fev seconds could be lethal to tsetse flies (105), but subsequent
field trials with treated oxen as bait animals were not successful because they
were unable to compete as tsstse hosts with the game animals and they had to
be re-sprayed at too frequent intervals (8,107). Meanwhile, alsec in 1945 in
Eust Africa, the Colonial Insecticides Research Unit (the forerunner of the
Tropical Pesticides Rceesrch Institute) showed that deposits of DDT and BHd on
leaves were lethal to tsetae flies after a short contact, and demonaﬁrntcd in
field trials on islands in Lake Vietnria that single ground applications to a
very small proportion of the vegetation reduced fly counts by 50-80% for 1-2
werks (95). Repeated applications to maintain a toxic deposit for longer than
a qupal period were necesaary for a greater and mors permanent reduction (108,
109), Dieldrin waa first tasted in 1955 (18) ane soon replaced DDT in residual
=;rays on vegetation in Kenya (40. Residual treatments of vegetation from
'ground spraying equipment were begun in West Africa in 1953. Since these esarly
oprrations until the present time DDT and dieldrin have continued to be almost
nxclunively the insecticides used for residual treatments of vegetation in ground
n; rny nperations. The only real changes have been in techniques to improve
effectiveness .and raduce conts, by reducing dossges and by more discriminative:

and selective applications (21, 26, 28, 48, 63, 64, 74, T5, 16, 89, 90, 110),

2e Applications of {nsecticides from aircraft for tsetsne control have been
sade since 1947 and the first successful scheze wvas carried out with DDT and BHC
in South Africa where air=apray operations with both fixed-wing aircraft and
helicopters were combined vith other control measuree over a period of yoars to
~redicate G, psllidipea (101), A programme of research on serial spraying for
teetse eontrel begnn in 1"“&/£E'::; gﬁszc.z Pesticides Research Institute (TPRI)

(13. 17. 19. M. 49. 30. 91, 52, 93, 54, 95, 56, “)l and this hag deem the

1Y
VA



forerwmner of airspraying techniques employed in Zasbia (para. 68) and

.Botawana (para. ©3 ) today. DUDUDT and 3HC, the [irst insecticides used, were
‘replaced by dieldrin snd more recently by endosulfan at rates as low as 6g in
0.031/ha (61, 82) . 8ince the late 1960's, “echniques have been developed for

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

Rani stence

3. Insecticides used in tsetse control oparations on any scale from the

ground and from the air have been linited to DDT, BHC, dieldrin and
endosulfan. These are all organochlorine compounds. Where insecticides belonging
to this class have been used to control other insect vectors and crop pests,
resistance to thum hss f{requently developed quite quickly and become a serious
problem. Resistance to insecticides in taetse flies has not been reported yeot.
Some tests in N. Nizeria in 1968 indicated that the susceptibility of a Jopulation
of G. nalualis to DOT and dieldrin had remained fairly stable over a period of &
yo-\n(./bu)t no systesmatic monitoring »rograzze to detect resistance has been carried

out ia West or East Africa and there is no reason to expect that it would not

develop sooner or later if populatioms are put under greater insecticidal pressure.

!nvirmentnl effncts

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

in eome ocountries bdecause of persistence in the enviromment and undesirable

side effects on non-target organisas, and these cozpounds may become less readily
- svailable or aococeptable for tostse control. Destruotion of birds and wildlifs

iemedistely after tsetse control operations with organochlorine insecticides have

been recorded (41, 65, 67). There was a general deolins ‘in the prominence of
ocsrtain insectivorous birds a year after a single spplication of dieldrin in
Wigeria, bi. must of the species affected then recovered to pre-spray density (66),

and monitoring in Unnda_ shoved that the spray programes were not leaving dangerous
doses of dieldrin in the soil or wegetation. An ecologiosl assessment after serisl
spplisations of endosulfan in Zasbia showed no lasting adverse effect on the

10



3.

{nsect fauna, and lil;tlai' operations in Botswana have so far produced
no sdverse effects on people, ocattle or fish. The various studies to date

{ndioste that residual spraying of a single heavier dose of insesticide to- &
nhéh& and restrioted part 6f tho vegetation i= more 1ikely to have sn

impact On NON=tArXes organiszs than is sequential aerial spraying.

Search for nev compounds.

5. A systematic search for irsecticides that could replace the organochlorine
compounds in toetsc control operations when necessary was begun at the TPRI,

irusha, (9, 10, 12, 14, 15) and has continued at COFR as a-part of the WHO Evalua-
tiom Programme (43, 46). Some of the candidate insecticides have slsc been tested

pecently at the Nigerian Institute pr Trypsnosoriasis Rosearch (87).

6. In laboratory bioassays of the toxicity of organophosphorus compounde to
tsetse by topical applications in aolution, none is found to be appreciably more
texic than endosulfan and dieldrin «.d only a few are as effective as they are.
These include CYS-1825, CMS-150k, OMS-1283, fenthioen, chlorfenvinphos, dicrotophos
and crotoxyphos, while phosmet, naled, dichlorvos, tetrachlorvinphos, bromophos,
iodfenphos and fenitrothion are from 2 to b time s less active. OMS-1825, OMS=-150%,
oMS-1283, tetrachlorvinphos, bromophos and jodfenphos have the advantage of lov

mammalian :micity.' Naled and dichlorvos are too volatile.

7. Propoxur and bendiocarb, the most active of the Nemethyl carbamate tested,
and two di-methyl carbamates pyrolan and disetilan, are similar to or slight)y

less toxic than endosulfan and dieldrin.

8. Teetse are susceptible to natural pyrethrin (10) and to a number of syrchetic
pyrethroids {ncluding resmethrin and its constituent: isomers bioresmethrin ard
cismethrin, vpm‘thrin (3moC 143), NRDC 149, FADC 156 and NRDC 161 (6). YRDC 161
is cutstanding and is 1CC times as effoctive as dieldrin to G. nuateni. Pesnetirin

reserbles natural pyrethrin in that 4t is unstable on exposure to light, but
permethrin and NRCD 161 are light stable and in7olatile and st present Leave
the greatut’ potential as residual insectiocides for tgetse control, although
soze, pyrethroids cAy te.zore oui<able for nquen:tul 1oy rate applications
then for single dose residual sprays bepause’of their high toxicity to fish,

i

Sesceph sbi 114y of di ferent spesies. ™
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another important factor in field operations. As early as 1947 a 4-fold difference

in susceptibility to DOT was found among 12 species and subspecies between the most
'—cuurptibh-ﬁ;mnidinen and the least suaceptible G. brevipalpis, G. lenzipennis

and E;.!E!E!E§222227(1°5)° G. swynnertoni is more susceptible than G. morsitans
—dut G. austeni, 8. moraitana, G. palpalis and G. longivalpis appear to be similar

in their tolerance to a number of compounds ( 43, 87) although few comparisons have

been made by the same method under the same conditions.

10. The susceptibility within a species to an insecticide can vary acoording to
sex and physiolegica) condition either because there is a real difference in
the doee actually requirec to kill or because there is a difference in the dose
reaching the fliea e.g. pick-up froa a deposit by a fully~fed or a pro;nnntAtounlo
may be greater than that by a tcaemal fly tecause the ventral surface of the abdomen

ss well as the tarsi mnkes contact with the treated surface.

1. Teneral flies of either sex and old fed males are generally equally
susceptible to insmcticides applied in solution by topical application (11,43).
All are more susceptible, hovever, than pregnant females to the organochlorine
{nsecticides DDT, dieldrin and endosulfan (11,43,57), and b4 te 9-fold increases in
tolersnce in 0ld females bave to be taken into account in field operations with

these insecticides.’

12. Laborstory tests to date indicate only a small increase in tolerance in
old pregnant females to natural pyrethrins and a synthetic pyrethroid resmethrin,
and no increase im tolerance to the organophosphorus compounds fenthion. tatrachlare

~ngphu and bromophos, and the .carbasate propeorur (11,43,87).

Tield trials

13. Sose of the compounds qhovin; high toxicity to tsetse flies in labdoratory
tests and referred to above have already teen subjected to 1imited figld trials,
In 1966 in northern Tansania three serial applications at 3.wveek intervals of

undiluted techaicsl foenthion cnused more than 90N reduction in tectse populations

4{a the & weeks after treatment, dbut no further trials have been reported (s8).

1%, Ia 1967, eix sorial : plicatioms o2 0.% w/v solutien of natural pyrethrins



b I

synergined with 2% piperonyl DUtOX1Ge 1N POVer XeTroSene were maae at >-veex

{ntervals in Tanzania. Populations of G. pallidipas were reduced by 95% after

three spplications but subsequenmt applications did not significantly reduce

fly nusbera. It was connidored that unfavourable meteorological conditions during
these applications and full leaf cover were the main factors responsible for
the lack of effect, and further work was recommended on the besis of the good
results of the first applications (59). Subsequent aerial applications of natural
pyrcthrino—o&~u—higha:_concontrntSon did not give high reducticne of G, awynnertoni

and G. nallidipes populations (97,98) aslthough two ground treatments reduced the

population of G. swyrncrtoni by 98% (96). In aserial sprey trisle in Botawana in

1975, natural pyrstirins st 0.6 and 1.2 g/ha had no effect on the G. morsitars
populntion.' In the previous year in Botewana the same dosages of the synthetic
pyrethroid bioresmethrin applied from the air i 2 and 4X solutions in diesoline

vere slso too low and had 1ittle or mo effect on the population of G. morsitans (71),

15. Earlier, applications vere made from a helicopter in the Republic of Hali

»f ciemethrin, brosophoa, jodfenphos, fenitrothion and tetrachlorvinphoa for

asFosol contact of the flying adults in the gallery forest, and of tetrachlorvinphos
and me-hoxychlor for residusl contact (24). Operational problems limited the scope
of these trials, and additional tests vwith theas materials could be valuable. The,
triale esphasised the need for further studies of the penstration of spray drops

into the dense vegetation of gallery forests (60 and on the resting behaviour of
toetse flies, particularly at night.

Formulatione

16. Residual spraying techniques employ DOT and dieldrin as eculaions and
suspensions. The concentrates from vhich these are p?ipurod are those norsally

used for public health work and the only example of a formulation -pooiilly made

and used for taetse control is the dieldrin 15T emulsion concentrats. This involves
e modification of the surfactant part of the standard dieldrin 180g/1 e.c. which
allows tha preparation of relatively concentrated emulsione containing up to

% active ‘ngrediemt without inversion >f the phases, Othervise formulations

which meet the WD specificasions (Specifications for Pesticides used in Public

Neslth, 1973) have been satis’actery. (

b

e herial ne=-=' = rntheds have weed high velume rates of dieldria esulsion



6.
(91) but aircraft norsally diatribute low or very lov volumes of concentrated

solutionas of dieldrin, DOT or endosulfan with the intention of directly hitting
the flies. The desired efficiency and economy are obtained by using insecticides
which are very toxic to tsetse flies, the optimua range of droplet sizes and
.guitable cheices of aircraft operation methods and metecrological conditionas.

An important factor controlling the droplet sizes in the aerosol as it reaches
the atanding vegetation or the ground is the volatility of the solvent used to
dissolve the insecticide and Last Alrican sxperience has shown that this should
not be high, othervise droplets become too small to reach the target efficiently.
Kerosene vith a boiling range of about 150 to 250°C produces less effective
aerosols than 4iesel 0il which has s vider range of around 200 to 350°C and

ths latter has been used as a diluting or primary solvent. Despite these
results, the more recently developed and currently favoured endosulfan solutions
(61,82) are prepared by diluting a 35% emulsion concentrste to 2058 with Shellsol
AB. This solvent has a boiling range of 186 to 214°C and & substantial proportiol
of the spray volume is presumed to be lost dgftng the time it is airborne especially

as the solvent of the concentrate is sven more volatile, Howeser, at the time of this
developrent rork the forwul=tion had to be chosen from those made for other appli-
oations,. Also, volatility ms necessazy*io allov suitable-droplet sises-to.bs formed
by evavoration of coarser sprays produced by the available squipment. Less wolatile
solvents arc¢ nov being investigated (veo paragraph 18)., Insecticides which are themsel
liquid, such as fenitrothion and malathion, do not require forsulation for applicatiom
at ultra~lovwvolume rates, havwe not been used against tsetee.

18, There has been little attept during the last 20 years to improve
forsulations Tor the insecticide application in tsetse oontrol. A good reason
forthis is the.dsaire for econoxy.. It ia cheaper to «wploy concomtrates whioh

are already being used for the control of other pests and to dilute these with
locally svailable petroleus selvents tham to transport specially prepared
solutions ever loag distances. HNowever, special formulations are being produced
by some chewrical ooxpanies,

and the use of more involstile materiale is being studied / Yor exarple, trials
with dieldrin and endoeulfan in varieus solvents have been carried out in
Nigeria and Botswana. The Nigeriaa tests involved selective residual epraying

i
of dieldrin to vegetation by helicopter at 800 g/ha to spproximastely 108 of

the tetal srea. Bisassay 07 the residues are made vith eeptured fliea. In

Botovena, five applications of endesulfan are sprayed st 6 g/ha per treataent,

the aim being to edtnin direct contast of insecticids on the flies either ea \)D\
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the ving or {n their resting sites and changes in the natural fly population
are messured. Both inveatigations suggeat tnat the less volatile solvents give
the best results although the reasona for the improvements are not clear because
lower volatility influences both the persistence of insecticids in the residues
and the particle size distribution of the spray. The solvents used are esaentially
non-volatile, e.g. vegetable oils (cotton seed 0il, arachis oi{) or rape seed oil),
Genomoll (2-ethylhexvlprthalate) and Dutrex 217 (an arosatic product from petraleus),
These have been compared with dieeel o4l which ia partly volatile and Shellsol AB
which is relatively very volatile. It 1a wor:h noting that although 'non-volatile’
or Mow-volatile' solutiona sre centioned in reports only part of the solventu they
contain can correctly be given this description. IKxtresely low volatility meanas
high viscoaity and the soluticas therefore contain other oore voliatile aolvents
to reduce viscosity to o sprayable level and, in some instances, to ensure that

the active inrredient remains in aolutioa during storage.
CICUND APFLICATICN EQUIPHINT

Introduct:on

19, Aryone with accesa orly to the published records of ground spraying against
taetoe would Neve difficulty {n discovering 3just how the inaecticides are applied,
This ia belnr remed:ed to acze extent by the publication of sore irformation on
peniicide u;;iication equip=ent a good deal 07 which has relevance to tsetse

control. CCPR and the Cverzess Spreying Machinery Centre (CSMC) .n collaboraticr with

othey (K escleatifio unite tkrouvgh the Minietry of Overseas Development Natural Resocurcea

Advisors Coordinstirg Cosaities (O LRACC) Sub-Cormittes on Peeticide Application °
Overseas (4C) helps ir the promotion and co-ordiration of peeticide application
research asid ceve.opment in relatison to the dewmands of overseas countries.

Asesssment of spraying machirery {s ongolrg research at CS¥C (79) and many of

the teets carried outl ars based upon reccmendations by WC ()0, 112).

20, Sprayirg squipsent 1n uned to diss¢rinate pesticides as liquida in the form
of squeous Aumpenaiones, emu.a'none and ao.utlora, it 1s not posaible to liat all

the equiyment in current use or which la avaliavie, butl the sppantus mentioned

belov has been used in malor eontrel eper-atiors]| e.g. sercscl dlspeneers ars

woed at fly piemeta, /. %, rashines although ecployed Ln the early days have



now declined in use vhereas & variety of hydraulio enerxy and gasecus energy

equipment 1s e*ill {n regular service.

Hvdraulic enerey equirmenc

-$pray nozsles produced by hydreulio emergy mossles)
21. There are three buaic patters shapes / the falt fam, the sclid come and the
hollow cone. The limitations of the fan pattern for tsetse vork are reflected
in the very fev occaalnas on wviich Lt aprears (0 have been used. In s campaign

1
agxainst G, palimlis (29), the Eclizse n=rayer vas used fittea with a lance

that gave a fan-ensped ajray for <reatirg the leaves and stecs of plants along
paths. One difficulty which ariaes with theee nozzles 1a that the vidth of the

fan has to bLe orientated i{n order to cover the wurface to be sprayed.

22, Corc-sahaped gprrnys are ;rciuced by rozzies which consiat essentislly of

s awirl plete with o--~led alita or noles whi~“ produce a vortex in the flowv of
insecticide, caualng it to isaue frun the orifice in the form of a solid or kollow
cone 3f spray depeniirg on the ;resexce or sbaencs of a ceniral hole in the core,

Whether tlie a0lld conc roxzle r~as ever been used In tasetae control ia uncertsin.

23, “he hollow ccre apray rotile is in goneral use and either a conatant or
variable sprey widih can be produced, For the former, the sctual dimensions are
deterwined by the deaigr of the evirl core, the a.ze of the noszie diec orifice
and the operating pressure. <—he praciical .imitations of ths ¢ 1. “ee (s that
vhen apraying *ree trunsxe or irdividual branches, the position of ..o posile,

ia relstion o the avLrface bel-g apreyed, muat be constantly adjusted to esssure

that & evaihe of inaecticiie of the required width is ohtaimed (217),

26, Accurste ard therefore .esss vaeteful epplication can be ackleved by &
o1 led operalor usirg a spray .ance (someiimen referred to as "gun') esmitting
e ¢one of apray vhose ehape ¢an be 1rstant.y ad'usted to {It the widih of the
ok Joct belng treated., Thlas €o- Le achlaved 5y e.tering the lergih of the

evirl chanvter. <hre sagular wiith of the oite, o1 a givan pressure lo inversely
propartioaal to the .Lercth of ‘he chamber bLetveer the evir. bWlock ard crifice

dlec. A.iernativeiy v.nte’e &an be avolded by edluaiing the dletarce betvesn
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the nozzle and the target surface but this may necessitate moving the nossle

more rapidly when close to the surface.

Spray lances.

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 ths type of nozzle fitted. With the other, the

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

lance.

Shut off valve models.

26. These consist of a trigger operated, instantaneous, shut-of{ valve which
with tube and nozzle form the lance assembly. To produce a constant shape cone,
the pozz=le assembly contains a swirl cone, an orifice disc and a screv retaining.
cap. The shape of the cone ‘produced, for a given presaure, i, related to both
the design of the swirl plate and the size of the orifice in the disc. Variable
cone n;zzlo- consist of a nozzle body, attached to the end of the lance by means
of an adaptor. Variations in’the shape of tﬁo coue are produced by altering

the length of the swirl chasber between tho core and the disc, by.leroving or
unscreving the cap. Leakage of insecticide down the lance fros the noxzle is

prevented by an 'O’ ring, immediately abeve the threadeda portion of the body.

27. The CP 6012|pray gun has been used in some countries. This consiats of
trigger operated shut-off valve, with a brass body, a plated steel trigger,

a brass tube, 58.5 cams in length with a “5° bend near the end and a single cone
Spray nozzle no. 520/P. The nozzle has a plastic avirl core, of which only one
model is available, a stainless steel nozzle Aisc and a plastic nozzle cap. B5ix
different orifice sizes are availab’e, with diameters ranging from 0.79 to 2.38

me., but in both Nigeria and Uganda ¢ime No. 12 with a 1.19 ma orifice is fitted.

28, Also in this category ie the Stoprex spray luns. This has a thumb trigger,
in contrast to the model previously described, all of which Lave a four finger
. tyigger for operating the shut-off valve. The lance and constant-shape cone

nessle sseesbly are '.cwever similar to thoae of the CP601 but the Rex Variable
- =  ea. .M. m ®id Dimmanm - Hi17 . Rumsawx BH1S QLA. United Xinsdom. \k,\/
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_lush'. ie of a differesidesign. Varistions iz svirl éhamber leagth are made

by rotating a collar to which the same stainless steel orifice disc and plastic

nossle cap as those used for hollow cones are fitted.

Sontzol xod modela
29. Spray guns of this type are intended for use in situations vhere ITSgUMm

and often repid changes in the vidth of the spray pattern are necessary, ¢.g.
‘whem treating thie trunks of differemt trees and the underside of branches at
varying distances from the operator. As with the variable cone noszles described
above, pattern shape is changed by altering the length of the svirl chasmber. 7The
disc is fixed but sovenment of the core is achieved by the ceatrol rod. The CP700
Spray Gun5 , is one ex =ple of tnis sodel whica has been sxtensively used in

Uganda, but is no longe: available.

30. A somewvhat different mechanisa fcr adjusting cone shape is found in the
GunJet No 12 and No 1‘06 spray lances voose use in Botswana has been reported (3).
The essential difference between these and the No. 700 is that changes in the
svirl chasber sre made by rotating the ecntrol rod. On rotating the handle the
svirl chasber is progressively opened and spray is enitted, at first in the form
of a short broad cone. Az this mevement is continued the come becomes progressively
lonser and narrower until when a conplete circle has been turaed and the avirl
chamber is fully open and the spray is emitted as a solid stream. The come
disensions are related to operating preesure and orifice aize and two types of
fitting may be used for producing hollow cones. One is a stainless steel diac,
{ntended- for the higher ratee of lp;licution. vhile for lower outputs the disc

can be replaced by a ConeJet apray t1p7. of which ten siscs are available.

31, Another lancé in which the spray.ccne is sdjusted by means of a trigger-
operated control rod has beex used vith a Plats vehicle mounted sprayer in Zasbia
The output of sach lance is cortrolled by the manual operation of the trigger

rd ean be varied betveen a very fine cone spray and a solid jet (37). The
maxisum owtput (from ome lance) is sbout 4 1per minute vith a 2z diss orifice
end 2.8 per minute with a 1.5 ma disc orifice. The maximua throw 1s adout 15z

ia still esenditioms.

h Berthroul, L3 Rus Victer huzo. 69 Bellville-Sur-Saone (Rhone) France.
Y Ceeper Pojder Limitcd, Yurgees Eill, Sussex, RN1S 94, United Xingdom.
007 cw-. 0l .’.“nﬁ S0ey Sehmale Nead, Whsstea, Ilineis “1'7. Ue8oAe



Rand rated machine

3. In contrast to the extensive use made of hand compression sprayers few
organisations have adopted the lever-operated type, vhich are lighter but less
robust. Unless a pressure regulating device is gitted, considerable variations
in output rate can occur because of changes in lever operation, which is affected
by eperator fatigue. Operators have also found continuous pumping more ttring_
than the periodic pusmping of cospression sprayers and a further disadvantsge is
that they are unable to use both hands freely to gain access to difficult places
er to stesdy long lances when spraying the undersides of high branches, cne hand

being required for jumping.

Pressure-retaining compression aprayers.

33. Extersive use has been made of these machines, because they maintain
pressure, and consequestly less ef2ort is required to operste them than non-
prossure retaining sprayers. The high operating jressure also reduces the
sendescy to blockages. This type of sprayer  can be rapidly charged by means
of a detachable pusp and maintains . &ir pressure after the spray has been
discharged; further pressure lu-. is prevented by a floating ball valve.

Two types of Coumaaro atill used in anti-tsetse operations, each using’
a different type of charge pump. The Loo-Colihri9 nas its own detachable hand
pump, wvhereas the hvort-Coubriw eachines sre charged by means of a large mansual
or motorised puwp which can charge several machines sisultanecusly. This can
be time saving especially where operators are vorking near tracka (29) or in close
proximity to each other, e.fK. wvhen treating narrov sonee of riverine forest (64).

‘The detachable pump is another favourable feature of Colibri equipment
because it reduces the veight and consequently operator fatigue, a matter of
some importance in highly selective operations where accuracy is essential. In
Uganda, vhere the Leo-Colidri is still in service, each sprayer operator is
sccompanied by a porter carrying both a reserve supply of insecticide and a charge
pusp. Ia Nigeria, a group of sprayers are serviced by a single £v.ile manual
Favori-Colibri hand puzp. The Colibri bas been used also in the Ceatral African

#, ic (M),
8. 9, 10 Vermerel - Out of Preduction.



Ned-prossure retaining sprayers 12,

34, MNoo-pressure retaining sprayers have been widely used, often in preference to
prensure retaining sprayers. This has beea due to their lower cost, the non-
availability of suitable preasure retaining sodels and the need to atock fewer spare

m.o

(95) 1
35. BSome of the first insecticide trials in Uganda{ were carried out with a Kent'',
spraysr. In the past-this sprayer has seen brief ssrvice in Bu:.( vest (29,76) and
Central Africa (32), but no reference bas been fourd as to the model preferred. Three
have been in preduction for cany years, with naximum working capacities of be5y 9 and.
13.6 1. The pump cylinder is of brass, tinned inside to prevent corrosion and is
£illed through a fairly saall opening in the cylinder, which can be closed with a plug.

36. Another non-preesure retaining machine is the Uurlcy1z

s Which is very similar to
the Kent. This too is filled through an opening but sealed with a cap. Ia Uganda
it wvas replaced by the Leo-Colibri, before large scale spraying operations gotunder
vay, but its use in other countries is referred to by several authors (39,78,81). Like

the Kent, vthcro are three sizes of VWarley sprayers of similar workinz capacities.

37. Vhen the Leo-Colibri went out of production, a suitable pressure-retaining

®
alternstive could not be found. However, in both Uganda and Nigeria, the CPZO11‘

vas then used, baged on a au:-u“’ sachine with the same numsber. As with all non~

pressure retaining iprqcn. the pusp =--ains 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
ln.u'.nblo form the CP 201 was found to be cuch less coafortable to carry than the Leo~
Colibri. Its extra weight. was a factor but the lov position of the upper sling svivel
support band as nesr the top of the tank as its curvsture allowed. The cosmercial life
of this sprayer vas however short and by 1971 it had been replaced by the CP 14813,

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

serrosion of this saterial may be an asge?, although with proper care the corrosion
of Ywass tarks is megligidle.,

11 Your Osks Spraying Machine Co Ltd. Your Osks, Sutton Coidfield, Warwicks, UK.

“2 EZclipse Sproysrs Ltd. Ravlings Rozd, Scethwick, Warley, Worcs., Uniteu Kingdom.

9% Gleris-.urke PCC 100, 4724 Vaderisch~i-Vestf., Vast Germany. \\J
93.19 Coopar Porler Linited, Durgees Nill, Sussex, ME13 SLA, England. :
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ghe tank (13.6 1 capacity) provides greater tensile strength and the thinner sheet
metal reduces its weight (7.4 kg). How well these thinner walls sta:d up to the

£811s which irevitably occur vien treating vegetation om a rugged terrain, remains
to be seen. Unlike any of the machines referred to above, the CP 148 does not have

a separate filling cpening. Instead, the pusp is resoved and insecticide is poured

'4n through that opening, vith the aid of the fairly large plastic funnel. This is

firmly attached to the aachine and is extended to surround and protect bath the

pressure gauge and the safety valve.

39. Other models with smaller tank crpacities which have been use i in African

countries 03.31) are the Muratori (10)16. the Caleassi (10 and 12 1)" and the
Buison x pert ''® which also proved satisfactory.

40. A choice of either diapkragz pusp or piston pump models such as _thoA Couu"a
is available and both have been utilised for spraying operations. There is one
published record of the lattar type (103, thougt thase models have been used in
Zaabia. The Cosmos, has a stainless steel, 16 1 capacity, tank but the pump,

which includes a paddle agitator, is of polysmid plastic.

41, In contrast to other lever-operated machines, the Kutr0119 (21), has a pump
fitted to the outside of the tank.

42, A very different zachine is the CP 320 which is nov in sorvice in Zambia and

Ugands havicg replaced the Polyclair’'

. The polypropylens plasti: body has a working
capecity of 18 1 and mounted underneath it is a pu-pvvhich is basically of the dia=
phrags type but the upper diaphraga support has been s0 designed that it acts as a
piston. The compression cylinder is not a separate component, but is moulded in

one plece vwith the puzp body.

Pressure regulators.

43. Fev suthors refer to the working pressures used vhen spraying, and the figures
quoted are var:ablo (73,05). an e fitting of a constant pressure device is to de
mo-mulod( :n) on/off tap to the outlet valve is necessary so that faults

i the machine can be rectified without loss of spray liquid. Pressure regula-

ters were once used extensively in Nigeria but were later dispensed with

16 Namufasturer vrinowa
17 Pirma PACLO G'LSLZZI 8.p.A. Rome Italy
17a 5.D. Nulson Maa, Co., 154 It Arie 5%,, Caioago, Illinois, 60611, USA

98 Berthoud, 69 Lui.uvilio-Sur-cscne (ahons), France.

49 R. Aliman ess Co Ltd., Alimas Patests Ltd, Birdhas Rd., Chichester, Sussen
P020 m,butcd Lingdor ||6
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becsuse spray deposit was more effectively comtrolsd visually by the operaters.
A simple alternative to the pressure control valve is the disc flow regulater

which has been incorpo-ated in some sprayers.

Motorised meschin

be., The use of a-small motcrised pusp is referred to in an account of spraying
operations along the Malawa river on the Uganda/Kenya border in 1956 (88. This
type of pump vas used {roa a dizghy and was capable of throwing a variable jet of
spray to a cistance of 8 m. It is believed that the 700 model spray guns were used
in conjunction wita the pump ard more recently, the banks of the saze river vere
sprayed again froa a boat. The insecticide was applied with sinilar guns but was
supplied {roa a different type of motorised sprayer. This sprayer consisted of

a high-pressure diaphrag= pucp, powered via a reducticn gear by a L=stroke petrol
engine. 7Tvo delive=y hoses were attached and an adjustable regulating valve gave

a range of pressures /rom 10 to 30 kdcnz.

&S, In Zambia the usé of powered pumps has been the standard practice since
large-scale eradication caspaizng were izplemented. The equipment emplcoyed was

a Platz opray unit mounted on Unimog . mocdel 411 tractor. The unit consista of

a 3-stage pistom pump drivea by a pto shaft. Insecticide vas supplied from an

800 1 tank mounted a the vehicle and was delivered through two hoses at a constaat
pressure of 30 kg/caz to a pair of lances. Thase were held by two operators

sitting on swivel seats at the back of the loadizg platfora but in rough conditions
they wvalk alonzside the vehicle {2,36,37) . Tis type of equipment is, in comparison
to mapual sethods relatively expensive asd vasteful (81) amd is likely to be replaced

by knapeack sprayers.

Gan~ous enercy egu {oment

Neterised knspsack mistblowers.

hé. “hese are used iz most countries vhere tsetase comtrol is prectised. The
model currently iz use in Taazania is the Motoblo Super '702z which closely

resenbles the Snlo-Port w:”. Doth are equipped with 70 ec two-atroke engines,

and 101 insecticide tamks,
22 Xemt Dngluseriag ord Toundry Ltd. Tovil, Maidstome, Kent, United Kingdom

2) Sele Kletmmetorsn CRT{y 7034 Maichingen bei Stuttgart, Postfech 20, V.
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9.

Motoblo sprayers hive been used in Tanzania since the early 1960's (21),
Both the 60 and 90 models were alac in use in Nigeria at about the same time.
The model 60 was preferred to the latter because it was lighter and easier to
handle. Further spraying operations with these sachines have been described (77,99)
Wit they have since been replaced by the CP ‘002". vhish is now out of prodwotion,

b7, In spite of ito amaller and somevhat unreliable engine, the CP 40 -proved
to be a reasonably effective machine. The plastic insecticide tenk has a capacity
‘of 10 1 and in Nigeria it proved effective for spraying persistent insecticides
in svamp forest (66).

A nurber of modifications wvere made to the C P 40, the most important being
the replacement of tho thin plastic air-hose with a fabric-coated rubber hese,
due to the plastic hose being very prone to perforation by thorns. This resulted

in sppreciable oir loss and a consequent decline in the cpray penetration.

L8.  Three EWH 77°7 machines were used in Uganda, and they have been esployed
axtensively elsewvhere (67,100), Motorised knapsack mistblowers have also been
employed in Rhodesia (32, 90) but how long they have remained in service

is sot knowm.

Centrifursl enerry ecuip=ent

k9. The only record of equipment of this type used in control operations (93)
refers to the mﬁ(’. Briefly this consists of s large centrifugal fan, povered
by a 420 cc air-cooled L-stroke engine. At the exit of the fan housing there

is an mrofoil section coataining a propellor which, povered by the air flow,
rotates a wire cage at spoeds of up to 20,000 rpa. Insecticide is fed iantc this
cage through a nozzle and is esitted as small droplets which are carried avay in
the air blast.

50. Another type, the 'LVA” is a light-weight portable rotary atomiser.

Insecticide is gravity fed %o a nozile in the centre of an atomizer consisting
of two stacked corrupatad plantic discs with serrated edges. These are rotated

at zpandn 07 up fo "0X) 1 L Uy a amall 7 watt electric motor, powered by a 12 %
2« Cooper Pegler Ltd,, Cooners !lill, Sussex, KH15 9LA, United Kingdom H
29 Il Nevelwiz{ Hollamd IV, Wadeoijen-272C, Postbua 47, Bommelwes 63.
26 Nieres Sprayerw Limited - Out of procuction.

21 Nieren Spreyers 184., Three Mills, Bresyard, Rersferdehire, United Kingdom
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volt battery. IKxtensive use is being made of the ULVA in crop protection work

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

Smecikce_generators

1. Some small scsle control operations v(o;o cns-riod out with smoke generators
0,47),

agaizst -G._palpalin (G. fuscipes) in Uganda/ but accurate dispersal of smoke under

varying veather conditicns wvas difficult. Efforts have been made to overcome

these problims but this teshuigue has not been used extensively.

Thermal foggers.

S2.  Pield trials witr the Todd Insecticidal Pog Appliostor’ (TIFA), and
145 use ia the treatment of seall pocketa of tsetse have been reported (36,
47, 94). The Swingfog’’ has also been used (22, 23, 31, 62), and larger
versions of this sachine suoh as the SKIOC-C are svailsdle for vebiole
mownting.

Aerosol disnensers

53. A problen in any tsetse control operation ia th prevention of re-infestation
snd an essentisi sspect of protective measures is the deflying of traffic by
pickets. Tsetse flies which are carried by pedestrisns, cyclists and private cars
csn be csught with nets but this method is imprasctical for dealing with aumerous
flies which can be carried by a single lorry. In Uganda, ssall hand-operated
‘syreyers are issued to pickets and both gaseous and hydraulic energy modela have
been tried. The forser, which are invariably cheap, imsubstantial and intended
for howsehold use, are wnecomomic because of their short working life and inefficient
because of the wide variation of droplet sizes produced.

Geed quality hydraulic energy models such as the 218031 are more satisfactory.
“Taose are intended for imdoor use, but could be used in garage-type buildings

erested at road pickaots vhere lorries are treated.

"R Tifa Limited, Cook Lubbock House, Waterside, Maindeone, Kent,United Lingdom

29,% Jayien Emgimeering Co Lié. Beacon House, 28 Verple Rd, London 8W19 ULEL.

3y Ermest K. E4l1l Ltd  Beta Works, Fitzwilliam Street, Sheffield, United Kingdom
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Selection of equ:pment 17,

54, The diversity of types of spraying machines utilised in tsetse eradication
vork is largely attributable to the diversity of habitats eccupied, not Just bg_
the genus as a whole but by individual species. Ground spraying techniques have
alsdo beon develope: more or less indopendcntly {n the countries where cemtrol is
practimd in a variety of ecological circunstances. Consequently a variety of .
local factors bave influenced the choice of equipment. The selection of zachines
71. related to their spraying oftieioncy. éolt. ease of hardling, mechanical ‘
reliability, maintenasce and availability of spares. Although tsstse control
organieationa carry out trials with &ifZeren: insecticides or forzulations there

is rarely any mention of comparative trials of different spraying machines.

55, Similar savanna woodland habitats of G. rorsitans have been sreated with
spray guns and pressure retaining coapression sprayers in Uganda and by motorised
kn‘plnck mistblowers in Tanzania. Ia Uzanda, persistent insecticides have been
successfully applied in tsetse resting sites with a'7OO spray gun. When treating
savanna woodland and forest communities where the undergrovth is not too dense

to pars on foot, or where access could be provided with a minimum of path cut-
ting, a compression sprayer (preferably a pressure-retaining type) adapted for
use with a spray gun has proved to be zost practical.. A pressure control valve
is fitted to ensure even emission and tnis is suitable for spraying trucks up

to 3.5 m in beight from a distance of 4 m. A zuch greater reach is often
necessary vhea treating G. funcinen 1nfontcd vegetation fros a boat. Im such
circumstances, a compreasion sprayer is inadequate but a szall portable, engine
‘driven, nigh presiure disphragm pump is used. With a motorised pusp it is slso
possible to use an imsecticide container with a much larger capacity than a

compression sprayer, and thie reduces refillirg time to a minimum.

86, Whea dealing with thicketed or swazp forest habitats, access lanes are a
costly item. Costs can be reduced by using suitable spray jets or motorised
mistblowers vhich give better panetration in these situations.
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AERTAL APPLICATION EQUIPMENT -

Back;:ound

57. The use of imsecticides has for some time been the accepted and main
method of controlling tcatse flies and this is 1ikely to remain so in the
foreceenble future. Residunl treatments of persistent insecticides (e.g. DOT
and dicldrin) have been uned both gelectively and discriminatively by ground
spraying methods. However, airspraying techniques have developed appreciably
over the last few years, certainly to an extent where the uze of aircrafl to
apply insecticides in anti-tsetae operstlions has progressed bYeyond the cxperi-
mental scage. As far as the future is ccncerned, it scens lixely that .smphasis
will be placed on the uze of aircraft in cany areas which are infeeted with flies
and it seems probable that any large scale control programces will contain a

significantly large aer.al iaput.

58. The principle reason for the choice of aircraft is the relative ease with
which large scale operations can be carried out in cozparison to spraying from
the ground and also fewer trained staff required. Aircraft are able to apply
spray to tsetse habitats which are inaccessible from the ground and this either
tokes the forz of placiiaz the residual deposits ia specific sites or by space
spraying a wide area. Acrial applications of insecticides are likely to produce
more general environaental céntanination than ground spraying, except that much
lover dosaje rates are used, and therefore it is essential to incorporate ambient

pesticide monitorin; in ony operationsl airapraying programne, (para. 4 ).

59 Application techrigues by fixed wing aircraft and helicopters have now
reached the stare of develnrment such that suitable equipment is available to meet
mort tsetee control raguirements. Many large scale progracames to control tsetse
f1lies are now based on nerial application of insecticides and although they often
involve a high financianl cormitnent serial spraying may be leas expensive than
ground spraying in tera: of unit area covered, depending on the insecticide selected
and the amount of ground per unit arsa. This is partly accounted for by the need

for fewer personnel and lans logistic suppert in aerial operations than ground

rieaying and tidn olt.n aisplifies the operational Planring. However, there are oftea
diffioulties in exeowt:- ¢ alsapray 0D:TAtiond hecsuse of ths neocessity %0 servics aad
rezaly sophtsticate’ e uipset 13 ri-ts tie azd to adhers sirictly t0 a schadule

of sesuantial applisaliocas. ’24
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19.
The development of niranravine techniques

o0. Research on application of insecticides from aircraft for taetse control
has progressed by two distinct and different methods. These methods are here
referred to as "non-residual treatments' and "residual treatments'. Although the
use of aireraft in agriculture had its beginnings more than 50 years ago { 1.), for
tsetse control, non-residual airspray treatments have been in use for almos’

30 years and residual airspraying about 8 years.

Non-residual treatments rely on soquential applications of very small
.dropletl of a relatively concentrated insccticide, dispersed widely in savarna
woodland areas with the objective of &pplying sprecy droplets which will come into
contact with tsetse flies either in flight or in their resting sites (45). This
methcd has been used extensiveiy in Eastern, Central and Southern Africa. Residual
spraying treatnmeats fro= aircraft have been developed as an extension to the
traditional ground tecinigues and adcpted to aerial spraying of persistent
irmcticides to specific targets where tsetse are known to rest. These have been
particularly suited to tsetse control in riverine vegetation, ecotones and .
drainsge lines in U;lt ~lrican conditions, ospocinliy where the tsetae habitat

is restricted during the dry seasor.

Non-residual spraying techniques.

61. Aerial operationsa to control :setse fly began shortly after the second
warld war in South Alrica, where Anson aircraft were fitted with extension tubes
attached to their exhaus: stubs. Those devices were used to apply 5% solutions
o!\DDT(102)to fly infouted regiorz of Zululand. At about the same time in .

East Africa, work cemncnced on experimental progracme o. aerial spraying to study
sethods of controlling tactse fly (para 2). Vork was carried out on an
experimental basis and involved s-udiee of insecticide formulation- and spraying
teliniques with supporting phyaiochomical and biological assessmenta. Eariy
experinents were carrird cut with war service aircraft fitted with crude devices
o.f;. open pipes and thermal exhaust uniis which were used for the production of

fine sprays and coarse acrocols (52,53,54).

62. “rials ware inufleciive in achieving control of Ily but research continued

tiroughout the years in icproving application techaigues, cpray dispersnl equipeent 'ag_
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and insecticide formulations. ZEventually izproved fly control vas achieved,

but only at high costs ( 56). The developmomt of an isproved

thermal exhaust device fitted to a Cessna 182 aircraft which wvas capable of
proaucing -good -asrosol -characteristics (7® vas used to apply dieldrin and isqbensas
{ 1D -whiich gave very satlsfactory .control of taetaes fliea at reduced cost.” Ia

195, "endosulfan was introduced for the first tise and this experiment wvas shown

to reduce costs appreciably (51,

63. These experizments piocneered the use of aircraft for the control of tsetse
flies by non-residual spray ethods and laid down the foundation of techninques

which have developed over the last few years in Central and Southern Africa. In
1967, an airspray expariment was carried out to control tsetse fly in SW Barotseland
and this subsequently led to the comnencement 0f 4 large scale spraying operation
which was carried out the followving year and covered an area of 1600 Kxa® (81).

The techniques have been further refined in Botawana in 1973 where a twin-engine
Piper Azte. aircraft fitted with a sirgle Micronair unit has been used to comtrol

f1y in the Oxavange Delta (61, T1)
‘Residual spraying technigues.

64,  Trials were carried out in Xenya (4,72 using an experimental formulation
of dieldrin applied by helicopter (Bell 470) ard fixed-wing aircraft (Piper

Pawvnee 235) to controi C. rallidipen, The insecticide was formulated as an

invert emulsion azd wos applied from a Bi- Mon 32 device. Spraying by helicopter
proved to be prohibitive because of the high operational coat but trials vere
“sontirued ueing a Iixad-ving aircraZi. The insecticide applied by this method
vas showr. to pcnbtuto tre cancpy and produce toxic deposits in the understorey
thicket. A spraying technique was developed which consisted of applying a swath
st intervals o2 Ska across the thicket and this proved to be effective in

controlling fly for at least 8 montts.

65. .In Weat Africa, 257, dleldrin and HCH as erulsion concertrate formulations
have been applied primar:ly to clear riverine vegetation of G, tlehmogdég (92,
“wo applications at three weekly intervals were made from a Bell Nelicopter

32 Snell Imtermationni Clic.:ical Co 2td,, Llordon, Iagland.
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(h?O-ﬁA 280 RP) fitted with boom and nozzle equipment{ These areas have resained
fly free for over & yeara. 1In 1971, .diacrininative spraying of dieldrin to
vegetation usually sprayed froa the ground was carried ;ut in the Northern
Guinea Savanna Zana (NGCSZ) aof Nigeris (91). The arca spraved connisted of
‘riverine veretation, Imoberlinis woodland and ecotones around hills and in .the
auh_nlaina (74). 1 20 4ieldrin IC vas annlied at the rate of 1.5 ta 2.0 ke/ha
and, vith isolated exceptiozs whers fly pockets were missed, these areas have
recained fly free for over 3 years. buring 1972 apraying trials in the lCSZ,
a helicopter fitted with booa and nozzlie equipoent was succesaful in controllirg
C. rorsitana for several montha using ULV formulations at 0.5 kg/ha and 1.5 xg/ha
‘of dieldrin and endoaulfan respectively. Subsequently trials using eight Ulva”’
electrically o}cratcd rotary atonisers mounted o3 the boom of the helicopter

{ni.cated that fly vas coniroilled and exterminated at 0.64 Kg/ha and 0.8 kg/ha with

ULV formulations of dield=in and endosul’an respectively to about 106 of the infested
area (25). : .

rquioren® for non-res‘dual insecticide trealnentas

Open pipe

66. The first trials carried out in Last Africa employed an Avro-Anson XIX
aircraft fitted with four spray tanks havirg a total capacity of about t2 1.
Spray liquid was emitted under gravity froa two wvide pipes whic: extended about
35 cm below ths fuaelage of the aircraft. Laission rate could be adjusted by
an Iris disphragn which vas situated at the end of each pipe. Adjustments

were czace by the pilot on the cockpit during the flight and spray atcaisation
was scnieved by the action of the slip stream which browe up the jet of liquid
into spray droplets as it was emitted from the pipe. It wvas not surprieing
that the droplet spectrus from this rather crude device was fairly vide and

the unit vas cubniquontly discontinued.

3} Corenson A‘rcraft Co., Dox 264, Vortnington, Minnesots, U.L.A.

Y Bisplen Manufacturing Co., 5224 Korth/Tast 42nd Av., Portlsrd Oregen 97218, U.B.A

%% NKicron Spraysrs Ltd., Three Nills, Premysrd, Merefordahire, X, 904
|
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Thermal Exhaust,
67. One of the first devicea to be used for the production of aerosol droplets
vas fitted to an Avro-Anson XIX aircraft (42). The coarse serosol vas produced
by allowing tbe solution to flow into a modified exhaust ayetem. The solutioa
flowed tirough a marrov pide 22sms internal diameter and into the axhsuet pipe
&t a distance of 50 ca from the centre line of the exhaust manifold. It then
passed dowvn along the exhsust tubes 10 co {n diameter, and vas {1nnily emitted
ve-tically dovnvards inio the alip streas about 0 ca belov the trailing edge
of the virg. The installa%ion wvas based uponu u design ussd for siailar work

ogainst taetse fllies in So.th Africa.

68. In 1962, reaearch vas reopened to develop thermal exhaust unita for aerossl
production to enable studies to coatinus on serial applications of {nsecticides
for tastse comtro.. A device was developed for a Cessna 182 and this consieted

of an Inconel tube “5.7 cm .n length and 74.6 oo in diemeter which vas secu-ed

to t.e exhaust stub of the sircraft (70;, The epray liquid vas fed 1;to the
sxhaust extension throush a metering ‘et located outside the exhaust aystes,
Another device consisted of fitting extersions to twin exhauat ploes, the
extensions beirg 2 eiightiy curved stainleas strelpipes 5.1 cm in dinme - and
approximately GV cm in lencih, A 301 $Gronlo%,lprt1 tark vas fitted bDelow

the fueelage of the alrcraft ard the systes incorpor: .4 s 3Ybladed fan-drives
Sl-p1¢x>:ontrirugnl puma (2.%% ca). The flow of liquid wvas coatrolled by tve
disphr m» chech vnlv..: escr fltled wvith a stratlner and o D~ orifice diac. The
liquid thea flowed threugh . copper tudes 0.3%2 cn taternal dianeter te the

ovl’ ° porte of the ex enaicn plhes. The point of entry into the extemsion
vas 20 ca below Lhe manifoli, vhere tLe ‘esperaturs v's eetismated 10 he 35006.
Thermal exhaust ualts are curreatly in use tn lasbis with the paraststal

orgenisalion ‘Bural Alr Gervicee’ vhich ras ) Beecheralt ‘Barea’ tvin-eagined

sircreft vith lorensen exlerral tands of MG ) sapasiny.

b Cpreylag Systesa Co, 30% anddph Straet, Belivoed, IL 60104, U.6.A.



Q.
Ratary atomisers (air driven),

69. Micronair has produced a number of rotary atomisers over the last fev
years and these atomiBers have beeh used on a variety of aircraft in rumerous
pest control operations throughout the world. The physical ‘chdracteristics

of the apray emitted from the rotary“atoo{sera, dre determined by the liquid
throughput and the spced of rotation but the droplet spectrum achieved is more
unifora than hydraulic spray nozzles. The units are driven by a 6-bladed
windmill, whose plldo ancle and therefore spged of rotation can be adjusted
between flights. Micronair equipmeat ia used mainly for the ULV.applicajion

of mists for the control of insects and diseases in crop protection and can be
modified to produce aerosols in the range of 10-40 microns in dianeter dppIied
from small single-engined airecraft (69), provided that the insecticide solution
is fairly volatile (para. 18).. The latest unit to,be manufactured in this -
lggioc is the AU3000 Micronair rotary atoziser and this has reoently undergane
trials in Botswana fitted to twin engined aircraft to control taetse Zly. This
has a smaller dianmeter cago.(12.7 cm) than previcus mcdels and when fitted to a
Piper Aztec spraying at a speed of 260 km/h gave droplets of approximately
25-30u vmd using inmecticide solutions containing diesoline ana Shsllgol AB
(.

70. In Tanzania, a Beogsle llusky D5/180 single engined aircraft fitted with
faur norzles hos been used for taetse control. The nozzles are located . oach
1ift otrut and wing tip, cnd are fitted with D2/25 orifices and strainors. The
éotnl throughput is opproximately 2.7 1/ain, fh; reported droplet size

LO0-8Cy and & swath width of SOm ia employed for a spraying speed of 175 km/h. A

forsulation of endosulfan in o0il im used at a mominal dosage rate of 12 1/kn”,

37¢ Vicrenalr (Aerial) Limited, Bezbridge Fort, Sandown, Isle of ¥ight, UK,

|20
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In general these airspray operations havy preved satisfactory but the very small
pay load of the aircraft makes it difficult to treat large areas. Five applications
are made at 3 weekly intervals. The aircraft is not fitted with an autematic
navigation aid and therefore ground marking is vital. Unsatisfactory markisg
has . leod :ts errors in several instances and it is suggested that sutomatic
‘navigatiosal guidance systems vould obviate many of these errors  ( pars. 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.

uipzent for residuel insecticidal traatments
Bi=Flon apparatus

72. The Bi-Tion apparatus vas designed specilically for the application of
peaticides formulated as inveri emulsions. Invert esulsions are produced vhea
invert olls are mixed in water, the oil phase becomes continuous and the wvater
phase dispersed. The greater ratio of water to oil, the more viscous the
exulsion. The use of inverts wvas designed to develop drift free apraying but

the equipment and the rothod proved to be too complicated, and the practice

has nov been discontinued. However, it is worthwhile mentioning some experimenta

which were carried out to control G. pallidipes and G, brevipalpis in the Lambwe

Valley , Kenya, because {t may well have a bearing on future spray prograsses
.uaing residual insecticide formulations. Trials with a Bell 470 helicopter -
proved to be yery-effective in producing appreciable reau-tions in fly mumbers
but the techmiqwe vas too expensive and hnuttntbu were not pursued further
(7D. Triale were continued with fixed wing aircraft and efforts to cut the cost
of reducing both insecticide and spraying time vere successful. Studies were
node te evaluate the effect of spraying at imtervals of S4m and it was shewvn that
at least 60K of the area would have te be sprayed te achieve any satisfactory

derree of fly sentrol ( 4).
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Boos and nozy - Jjuipment.

73. Residual spraying has boen carried out in West Africa where helicopters
have been in use to apply persistent deposits from the air in the .Sudan savanna
—gone in Niger im 1969. An area mainly infested-with G. tachinoides in denge
-riverine forest vere sprayed tvice with mixtures of QUT, dieldrin.-and BHC in an

eculsion concentrate using a Bell helicopter 47G-4A fitted with boom and nozzle

equipment. In 1971, a trial covering 240 kuz in the MSZ in Nigeria was carried

out with the same helicopter fitted with two apray tanks, z=2¢h of 100 1 capacity

fixed to the right.nnd left sides of the engine. A rotary pusmp which wvas belt-

driven from the engine was eoployed with 32 D3/25 r i13zles at intervals of 50 cm..

hpplications were made at speeds of 32-40 ka/h spraying to within =2 m of the
canopy and thil"lVO an effective svath of about 20_!. In larger brokecn areas
of lsoherlinis woodland, swaths were sprayed at intervals of 200 m. Only about
10% of the area vas tronted according to the discriminative ground spraying

tochninue developed earlier for ground spraying ( 74 « Dosage rates vere reduced

and techniques isproved, and this was achieved by using fewer nozzies on the boom,

theredy reducing the liquid throughput. In 1972. 12 of these nozzles vere used
-to apply a ULV formulation of endosullan im a vegetable oil. ZThis ULV techniaue
enabled helicopter applications to be made more efficiently in terams of

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

Rotary atomisers (electrically powered)

74. During the period 1972-73, spraving teckaiques in Northern Nigeria vere .

furthor refined by esployirg modified Ulva atomisers and B of these units to a

Jell 47G helicopter. Tnree vore fitted on each .160.61 the dboom and two behimd
the engine. Each atomiser was driven by a 24 volt motor and rotated at a speed
of 9000 rpm. Liquid was carried from the boom through a restrictor to the
atamisers and a conatant flov vas achieved. The systen allowed for multiple and
sinsle operation of the atomiaers during the flight and the spray techniques
es7inyed vere sinilar to those uaed in earlier trials. The helicopter flew at
29=-32 ka/n over dense riverino veretation and 40-47 km/h over open Isoherlinia

A wharn nyray (0. o eore mode at intervals of 200 m.



75. In 1973, an investigation was carried sut to study the penetration of
spray droplets vhen applied from electrically operated rotary atomisers Iitted
to a holicopter to a forest habitat in Ivory Coast (60). A Bell 47G-UA 280 HP
vas 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 systea vith liquid. The system consisted of 8 electrically driven protot:

Ulva atomisera, vhich could be individually activated. These were attached at
intervals of 0.5 m alons; a centre and two outer booms baving a combined span-of
10.5 m. The 24V/60W atomiser motors gave a nominal rotation speed of 5C00 rpm
unloaded. Spray dropl.: sizes depended on throughput and this cculd be altered
by changing the size and number of the 1iquid feed nozsles.

76.  Experiments have also been carried out to study the effectiveness of
several ULV insecticides arplied by helicopters to control G. valnalis za-biensis
and G. tachincides in the area of tho WHO Onchocerciasis Control Programme in the’
Volta River Basin (24). The helicopter used was a Bell 47G-LA, 305 HP with a
speed range of 32-80 ka/h and two rotary atomisers secured 6-8 m apart were used
to apply ULV insecticide formulations. Two types were used: 1 type produced
droplets beiseen 20 and 30 u in diameter which were applied at a rate of 0.6 1/ming
the other type, which bad large apertures, produced droplets of 80-100 u diametar
at 1.2 1/ain. The helicopter flew at a constant height about 2 m above the
canopy; but it was necensary for it to aske side turns to follow the bends in
the vatar course. The powerful air current propelled dounwards and backwards

by the rotor carried the insecticide, vhich assisted the penetration of spray
into the vegetation at ground level. In order to avoid losses due to comvection |
near the surfsce of the ground , ULV applications were oonduoted for sdout

2 hours after sunrise

*ynee of sircraft euitable for enti-tsetse operations

77 8aall single engine fixed wing aircraft are of limited use in tsetse control
operations except pocaibly in the carrying out of experiments, vhere relatively
anall areas need te be treated. In moet instances, aircraft below 2500 k¢

& “laue tnkeeoll waliit wuuid nol have the range or weight carrying eapobility

poguired 0 Such PTO,fuseuie It 48 provsble that me siagle type of aircraft

)
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wsuld be suitable for large =cale tsetse control i rrrammes and especially if a
range of different'tseise habitats require treating. Large, flat arcas can be
satisfactorily sprayed with medium and possibly large multi-engined aircraft
while small mountainous areas, often found in Eastern Africa, are probably more
suitably treated by light=twin or medium-single engined aircrart, 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 and have good short tske-off nnd.lnnding (STOL) characteristics.
In addition, they should allow the pilot good forvard and downward visibility and

be corrosion proofed arainstthe effects of insecticide chemicals. Tasetse control
operstions are often carried out in remote wooded aress where the opportunities

for naking & safe emerrercy landing (e.g. in the event of engine failure) are
linited. For this reoson, multi-engined aircrsfit should be used whenever

posaible. Twin opgined. aircraft should have a satisfactory single engine

purformance at maximun take-off weight up to 2500 m density altitude.

79. With helicopters iwportant considerations are the forwvard and downward
visibility for the pilot and the zanoeuverability of the aircraft. The helicopter
may be required to land in unprepared areas and a shielded tail rotor and high .
1ift skids are vs.uable featurss. Any type of helicopter can be used in tsetse
control operations although machines with a maximum take-off weight in exceas

of 1500 kg will probably be prohibitively expensive to operate.

éo. Despite rising prices which have recently affected all aspects of pest
eontrol throughout the world, airspraying costs for tsetse control have actually
decrensed since techniques were first ieveloped. This is attributed to a nunmber
of thinge but primarily, apraying equipment design, better insecticides and
-nved application techniquea have all played a major role in reducing costs.
isprovesents in dispernal rquipsent have resulted in more efficient spray

stomication which, ss a conseguence, has helped develop application techniques.. -

30


http:emerer.cy

as,
Aircraft utilisation has incrcased as a result of extending swathe widths and

hirh spraying speods. Cocts have aloo been reduced because of bettor pesticides
w, .ch have been discovered and formulated as concenirntes im aromatic oils
containing -higher percentages of active ingredient than was possible when field-
trials were initiated.

81. - At periods of pesk demand the work output of aircraft can be extended

by ‘the employment of additional pilots over a 7' day working weeke OF by fitting-
high powered -lights in the nose and on the wings of the aircraft which makes it
possidle to fly at night. Tynical work ocutput data have been derived for variou
types of airoraft which are or may be used in tsetse ocomtrol programmes (83).

Davigation aids

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

zones. Howevur, traditional methods of swath marking for aerial spraying in

tretse control operations over large woodland areas have been in use for some

time e.g. smoke fires, flags, balloons, zark®r bands, signal flares or lights.

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

spray runs, vwider saths and sight flying has made the development of more sophisticated
navigational aids desirable. Several types of airborne guidance systeams are

under invutigaticn{-

= One system is based on an airborne phase measuring device which measures the
phase difference between the radio emissions from two or more ground stations
(906). The. equipment. is essentially a refinement of the Decca Navigation aircraft
guidance systea ind has the disadvantage that ground transaitting stations are
required, sited at accurately mapped locations. Although easily portable ground
Atntions are now available, these may be difficult to site correctly in remote

Arens.

= Another system oonsists of a sensor uait which measures the inertia changes

induced by attitude end acceloration changes in the aircraft during flight. The

.-

inertial navigation systome (I}3) is entirely self-contained within the aircraft

and 20 ground stations are required ( 7). The main disadvantage of INS in vector /31

oentrel operstions wing Light . rcraft is the cost and weizht of the eauipment.
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and the fact that the system is difficult to adjust to flying reciprocal tracka.

Medium and larpger types of aircraft
can-be fitted with.highly accurate electronic navigation equipment (e.g. -Doppler
VLY) but ground markers are required to luo'up on approach and exit iros-
large blocks, especially when spray runs are many kilometers in length. In
addition, these aircraft may be equipped with instruments to allow flying at
‘aight within close proximity to the woodland canopy. As weather conditions
at rni{rht are often suitable for insecticide applications froa aircraft,

nocturnal tsetse control operations have been studied (61,71).



F._REQUTRFMENTS FOR TNSFCTTICTDFES AND APPLICATION ENT

INSICTICIDES

1 Candidate compounds for tsetse control from commercial companies,
-ressarch institutes and other sources should continue to be assessed for-
tuoeuddal activity i~ laboratory tests as a basis for selection for [{ieid
ovaiutioa. This selection should take into consideration not only toxicity
table formulation,
to taetee flies but also existence of a availability and cost, toxicolory
and posaible effects on non-target or;\nisms. Some of theee factors are listed
(Appendix I) for newv compounds already regarded as possiblé replacement cheaicals
on the basis of toxicity to flies. Ths availabilities mentioned are of the order
of 1g to 100g for laboratory testing, 1 kg to 100 kg for field trials, and in
norsal comsercial quantities for those vhich are resdily available, and apply

to the situation as far as it is known at the present time,

2. Highest priority chould be given to field evaluation of the synthetic
pyrethroids, NRDC 143 and NKDC 161, 'vhich are outstanding in their toxicity to
tsetse flies and their persistence in spray residues and could be used in both
aerial and rround sprays. NRDC 161 is the most potent insecticide known acainst
sany insects but also has a high mammalian toxicity with a site of action which
differs from other pyrethroids. It is important therefore that further informatic
should be obtained as soon as posaidle on hazards to other animals although it
nkould also be neted that the very powerful insecticidal action means that it

tat bo used at lower eoncentrations and dosages than the other candidatesa,

3. The organdphosphorus compounds and carbasates listed have good to
moderate toxicities te the flies, as measured by topical application, and can
be divided into those which are likely to have a short term persietence on.y
(for example, feathien, plod. bromophos, propoxur) and those which could Lave
a lenger residual action (for example, azamethiphos, tetrachlorvinphos,
jodfenphes, bendiscarh). Bremophes from the former group and tetrachlorvinphos
frea the latter have already been enamined ia field trials and found te de not

very preaising.

30.



L The susceptibility of different species and strains of tsetse to

endosulfan and dieldrin and to represontatives of other chemical classes thmt

are likely to be used in field operations should be measured in different paris

of Africa. This will provide guidance for variations in dosages required uid

aleo base=line data for a cystematic monitoring prograsme for reeistance. A

simple ntandard method ohould be adopted; the most suitable is probably the

o uthc‘d for topical application (111), dut field performance should also be stud

by sethods wtilising tarsal oontact with weathered deposits ca spray-d swfaces (e,
bark) if persistence is o be investigsted. ‘

Reaidual applientions to veretation at high volume rates

S. Solutions are not uscually employed because the solvent is expensive
<compared with water but they vere used in early trials in East Africa with ar
(98)or more recently in Nigeria with dioldrin (73). The cheaper solvents such .
os kerosene which can be used at high volumes evaporate rapidly from deposits and
do not influence persintonce or activity of the incecticide by their preaenco.
They can modify the initial distribution of insecticide by moving it into

bark or leaves before they evaporate.

6. Esulsions or suspensions are much commoner systems for insecticide dispersal
and the two insecticides DDT and dieldrin are invariably used in these foras in
the larger control schesss; for exasple in Nigeria, Uganda, Tanszania, Kenya
and Zesbia. Buspensions are prepared from vater-dispersidble powders which
contain insecticide ond inert diluent particles and surfactants and give dry
deposits since the vater evaporates very rapidly. Biological potency deperds

its physical state
upon the particle size distribution of the active ingredient/and the surfaco
vhich has been treated (44. TFiner particles are picked-up more readily by
resting imsects wvhile the adhesive properties of surfactant residues reduce

pick-up on the less porous surfaces. Z<hoss powders which meet WHO specifications

have about the opiimum particles li;o distribution.

7. Since the insscticide is in solution in emulsion concentrates, or in the
erulsions prepared from these, the physical forms of the deposit after solvent

and vater have evaperatud will be eentrolled by the erystallisatien preperties I
of the juseeticide and, sgain, the sprayed surfese siance this srystallisatioa

.

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

8. The persistence of the deposits resuliing from the use of powders or
emilsions uiil be controlled by the physical propertiel'of the active material.
‘(e.g:"dieldrin .is more.volatile than TDT), by climatic variables and by the.
surface sprayed. -Thus wmter-dispersible powder deposits have been found

more effective in hot, drier areas than those from emulsions but the reverse
is true in cooler areas with higher rainfall (63,76). The powder residues

are more easily washed awvay 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
larer amount but still be more effective. '

9. All the candidates for replacement insecticides in tsetse control are
available, or could be made available, as water~dispersible powders and emulsion
concentrates. A few, such as pirimetapnos, azamethiphos, tetrachlbrvinphos and
bendiocarb, have a low solubility in the common solvents used to prepare emulsior
concentrates but this could be improved with known co-solvents. Conversely
their low solubilities mean that they usually make good water-dispersible powder:

Aerial application at ultra~low volume rates

10. This ugually 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
NRDC 161 the concentration can be reduced to something of the order of 1%.
~Por these solutions the vital component is the solvent or, more often, solvents.
Their propertiea control the initial atomization, the reduction in droplet-mize
during passage to the target and the efficiency with which the insecticide
passes into the insect either from droplets on the cuticle or from droplets on
surfaces on which the insect rests. They can also influence the persistence of
insecticides in spray deposits when they are of low volatility themselves,

11. A discussion of all these interactions between insecticide, solvent,

3
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insect and surface would be too long for this report. Briefly, howover, ihu boat

golvent systom probably consniasts of s non-volatile component ouch as a vege!ahle
0il, plasticizing eator or Dutrex-type potroloum oxtract combined with a ve:atile
solvent which may be lost during application but ensures that the phyai
properties of the blend are sppropriate for the atoaization process. Tlo. non-
volatile solvent is .a leas efficient carrier for ingecticide through thc cuticle
if .a droplet lands on the insect itself but can multiply the life of the active

incredient in a residue by several times by reducing its volatility.

12. Thore are likely to bo difficulties in preparing high concentrations of
aome of tho newer compounds because of their low solubility in many of tlc

common solvents. The organo=chlorine compounds as a group are reasorably soludle
%n petroleum-dorived solvents or in aromatic solvonts from other sources. Some
organo-phospnorus esters also have hich solubilities (bromophos and jodfenphos)

or are miscidle (chlorfenvinphos and fenthion) but others, especially the
phocphates ars very poorly soluble in the usual solvents. Pyrethroids are

usually readily dissolved but the difficulty of low solubility is again encountered
with mogt carbamates. Thase and the phosphates can only be dissolved in water-
sincible, hydrogen-bonding solvents such as dimethylforsamide, N-zethyl-2-
pyrrolidone or hoxasethylplioosphorumide. Euch of these has been used as a wolveut
or co-solvent in cossorcial ULV solutions. Unfortunately they are also gvod
solvents for many polymers uned in the hosos snd wanhera of spray goear and thoir
water miscibility xeang that insecticides can come out of solution if water is
uzed.for washing the.oquipaent. They are also relatively volatile and are likely..
to be lost._during ‘or izmodiatoly after application and may have undesirablo
attributes since they facilitate skin absorption of toxic chemicals. It will

be sacn that the formulation of many of the newer insecticiies will need to be
conaidorod with more altention to solvent properties than was necessary with

the compounds used previously.

1%. Other types of formulation have beon tried or may be considered in tho
future. The relatively insolublo insocticides are casily milled to cive fine
ownpensions ia water, ..o 'col' types, or in non-volatile oils as, for ex:zple,

ol 0]y D0-wpiniie il or carbaryl-eil sixes. These ean be sprayed as supplied



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

omulsions have been tried in Kenya (72) but special spray equipment is needed to
form these. Nicro-encapsulateld insecticides may have a place in tsetse control

although they are likely to be more expensive than most other formulations:

‘They wonld -be nost useful -in extending the lives of those insecticides-which are
praomising -in -other respscts but lack persistence and would therefore .need to be-
designed with suitable leaching or disintegration rates.

GROURD EQUIPMENT

14. Spraying machinery mamufacturers are dependant to a large extent on
requirements of the agricultural market although it has been possidle in some
aTeas to utilise locally wade machinery, provided that it conforms to accepted
standards (79) and is sufficiently cheap. It is probable that any machines
developed for anti-tsetse operations will also have to have suitabls ocutlets
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 commercial return was evident.

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

Hzgl._t_xlic ene-gy equipment

Spray lances.

16.  Shut-off valves should be made simpler and more reliable, possioly making
Leater ua.o of plastic to reduce corrosion problems. lance extensions ars
-requirel which can -quickly and easily be Zitted to existing lances to-extend
:the{r range .of operation. Bayonst type attachments should be used wherever
possidble.

Spray guns.

17. Teetse flies are found in runy different types of plant community and
equipment is needsd to treat a wide varisty of preferred resting sites.

Control of liquid pressure and spray pattern shape is essential and although
some work has been dons to investigate spray gunc giving verying pattern widths,
this needs to be deweloped further. A devioe which can alter the spray width

U
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vhould be capable of being operated by the hand holding the lanee.

Proscure retaining sprayers.

3. Pressure retaining equipment is urgently required to replacs equipment
used in the pest but which is no longer available (para 33). Geod sempressien

spraycrs éhould have tho following specifications:

= Tanks to be made of suitable gauge of stainless steel or plastie with.a
holding jrapacity of 15-20 1.

« Operating pressure range of 6-3 k(/caz. or even higher a Jressure gauge te
be fitted to the top of the tank, and a pressure regulating valve,

= A ghut=off vaolvo of the floatins ball type should be used.

= Capableo of beinz filled with air and insecticide with ita own detachanle
pump and with a separate chanse pump.

= Fitted with an on/of{ cock on the insecticide outlet pipe.

Hand comprossion cprayerc.

19. lland cooprescion cprayera which meot the WHO specification (30) ghould

..be tostod te dotermino thoir gultubility for tsotso coatrol,

laever Operated aprayor.

20. %o reguiresent for this type of equipmeat is snticipated.

Yotorined mochines

21.. -Any'machine which is operated by means of an engine will present maimtenance,
pervicing and ropair problems in the field. Nevertheleas, dome requirement is seen

fur this type of machine.

Hotorised knapanck ciziblowers

N This type of nuchine {s moat usefu. in areas vhere insecticides mus: Ve
upplied to dense vecotation and, wiere access by the sprayman may be éifficult,
“here s a wide variciy of notoriscd knapssck mistblovers availabdle and thease

thould be Lnapectcd to dotersine which are most suitadle in speeifiec situatiens

(aama 2L aR\ ,ﬁ ,
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Vehicle mounted machines.

2). Wo requirement is seen for this type with the exception of fogging

and ULV apparatus attached to or mounted on wehicles. The use of this equipment
would however be limited to areas acoessible to wehicles and with suitable
ambient weather conditioms.

Pogging machines,

24. These nachines have Zound little use in tsetse control operations. Their
use woald 1in any event be restricted by weather conditions. Nevertheless there
are situations, such as when dealirg vith tesetse living in scattered and
relatively omall tiickets among cultivation, where a non-persistant insecticide
might have to be exployed and a somll portable fogger might be the most con~
venient equipment i0 use. 7The great adwvantage of this typs over ULV equipoent

is ‘be visibility of the insecticide after emiseion.

Xarmal asroecl proéucers.

25, There will always be a need at pickats for such equipeent, for sliainating
testse being carried by vehicles. A wids variety of sizes and qualities of

both gaseocus and hydraulic ensrgy hand-eprayers are availadle, but few are .
large enough or sufficiently robust to stanéd up to sxtendad daily use,

AZRIAL EQIIPYEINT

Rexuiresents for airssraying euiprent

26. Ths nesd to protues serosol droplets (vmd 20-50 um) for sequentisl nan-
Tesidual applicatiors of inseciicidss for teetse {ly control has deen wvell known
for a considerable time, but there has been litile incentive for syraying
sachinery mamufacturers to i{nvest in research to produce nev apparatus. 7his

is undsreandable because such ventures cculd show little returns since there

19 only likely to be a denani for a small number of unite. However, of late
there has been an increasing avarsness of the reed to prodiuce ULV and Zine
spray dispersal equipmen: for crop protection purposes ard therefore, there

has been an increasing musber of prototiype rotary atomisers available of very
variable performance. MNost of the uniis now at the proioiype stage are
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glcctrically powsred and nomo of these have already been usud and ansessed for
tasLao control operationn. lLiavever thore is still a need for a robust and

relinble unit capable ol pioducing small aerosol droplets for use on both heli~

coptors ond fixcd wing aircraft and further work in this area is recormended.
As far as small fixed wing aircraft are concerned thermal exhaust units
appear to be the cost suitable equipment for asrosol produstion although the
droplets produced are very variable in size and some of the larrer dronlets
are deposited at-ground level near the souroce of emimsion.

27. On f{aster mediv sized fixed wing sircraft which are capable of spraying
at apocds of approxinatuly 260:n/h wind-driven rotary atoniscrs have been pro-
duced which are suitable for the production of aerosol droplets for non-residual
tsetce control both with volstile and partially volatile insecticide foraulations.
The size of the units uned in recent experiments is significantly less than older
units but, despite their smaller size, the ccebination of increased rotational:
speed and incrensed flying speed hac piven better atomisation of spray droplets
. nave been obtained.
and droplet sizcs of 25-30 ricrons vrd/ The perlormance of electrically operated

rotary atomisers raa not boen assesved on fixed wing aircrafi for tsetae control

but this is an area vhorthy of further study because these units cay prove

guitable for nerosol production, provided they are suffioiently robust fer
field use; tne use of suitable hydraulic spray nozzles should alwo be studied
for aerosol production on faster aircraft,

28. Equipnent for reaidual applications will continue to be required vhere
persistent insecticidea are applied by helicopter with booa and noszile devices
vhen supplying sprays of emulsion concentrate and disperssble powders. Lquipment
for making ULV innecticide application will necessitate the use of electrically
powverod dovices; ‘topecxnlly with the need to control the droplet sisze of the
emission and the placement of the aprays in specific targets, e.g. along .riveriae

areas and ecctones.

29. There 18 a necd Lo continue vith reeearch intu the development of residual
apray srpilcation technolosy using fiwed wing sireraft. Thia ssy be required if
an envirormentally zatiafactory reaidual {nascticide $e diacovered. In this

event, there wvould be a necd to reviev the strategy of current ceatrol sechnigques

althou=h this vould not neccnaarily reguire the develepment of nev itess of, \bf')
s
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equipment. Conventional boom and nossle and rotery stomisers would be
suitable but field techniques would have to be studiea 1n order o apply the
insecticides in the most efficient msanner.

%0.  Further development of track guidance systeas is edsential to improve

relfddility, aocoursoy snd ease of operation in large-scale tsetse control
schemés using aircraft.

i
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39.
DARD 23T, RESEARSH 0 TIDRIVE THET TICINOIOGY OF TSETSE CONTRCL

7.2 STATUS OF TSEXSS CCNTICL TSING PESTICIDES

1. Control ar extos=ination of tsetse flies by chemical means must show some
=dventage in cost, specc ol action or ia eavironmental impact over other nmethods.
of coatrol, o.g. total or partial bush clearing, to be an economic propositiorn.
Sufficient isolation of tsotgc habitats is necessary if permanent eradication is
to ve sustnined since applications of insecticide do not themselves change the
kobizat. This of coursc is not neccasary if only short term reduction in tsetse
rucbers is reguircé £s Jor exz=ple to abate a sleeping sickness epidemic but
vhere o land utiligatisn wrogra=e which includes a livestock component is in
sS-ozccss and settlcnont of paople is taking place, eradication of fly is

sually necessary.

2. w0 basic approcsica, i=volving the use of insecticides, have been pfovon
as capable of eradicating t3atse flies. Oae involves a single (occasionally
ropotitive) selativaly Rocvy deposit, applied in a discrininative nanner either
3y mroundegprey teizs or {rcs the alr, and the other involves repeated low dose
o siicztions froz thi i of moa-rocidual insecticide which kill all the adult
Gessattion presest =t tho tizd of anplication. The choice of method will depend
en & voricty of cirsumutancss, including the clizmate of the area, its topography
a=4 the degToe %0 saiﬁn ta2 tootso posulation may be seasonally restricted to

- saeSazliscd habitats occisyyiag only a szall proportion of the total area-infested.

2% =370 Zavourablo sccsons.

=3clo~ienl conuiderszincey

Toetae rradicztiicn oporations having the objective of facilitatirg the
dcvalop=ent ol a balznced nnd mixod rural economy will only achieve their objective
L0 cxocuted on a cubston.inl scalo. This means teking the boundary of tue
sperctional arca %o tro Limit of the infeatation or to periseters which can easily

be 1....0......., whero tho ci.: of tho defence action is small 4ia relation to the nruq:)_

— el _ A B 2 A . A as... ._ A as —e—_.a . & & _ _a - A & @ a
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witi. cusrent and future cczzunity nceds without having to ensure that no

environmental circumstances cxiet in the project area which can harbour infest-

ations.

4. The attainzent-of tho cradication objective means that the land resources

ccn be exploited strictly sccordéing to their diverse capabilities and the need

¢’ the comzumity whilst rotiining sufficient in reserve for future generations,

fer aa adequate forest cctatc, for pastoral rangeland, for the conservation of

e=>dable arcas and 2o sho »reservation of wildlife. The difficulty which arises

when "settlesen:" is uscid as a concept for consolidating land reclaimation against
tsutse intestation i3 43zt the lovel of the land exploitation necessary to reduce
cwfemtations %0 a level whiTa thoy no longer cause grave repercussions on live-
Gtock caa 20t bo attainys wiihout overturaening the land resource, cannot be
supervised on tha sszlg reiuircd ond oftea does not fit in with ccomunity need
zad capability. Fustics, the trypaancsoniasis problem will remain if an ndoquaio

sroportion of tho izl ~osource rozaizs uncultivated or is allocated to various

and ossential comservatiasz ctloctived.

5 ~sus the deliziziion of =s2tse infestations and land resource surveys
w-2 csseatial procurcors of tcotso eralication projects. Land use surveys
izsorporating currer: 1a1d usa and land capability assessments relating to the
Govenopzchs 0f the bzlazzed and zixed rural econoxmy essential to meet tke needs
92 wn xpardirg community with increcsing living standards should proceed and
p-ovide the juctificatic: fcr lirgo area tsetse eradication operations. They

are & fundazental cooponornt of the field research effort required prior to the

desion z..é oxacution of cubstantial anti-tsetse activities.

The rzatural lizits of tho tsetso population to be attacked should be

we
¢...czined befcre contrcl cnaritions are initiated,

wisn care to doscr=it.o ponuliticr licits-and zaximum disporsal capabllities at

s5. =ost fayourable £oacoss ¢/ the year. Lov densi:ty populations require the

Best Available Document
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of those plant coar:...tiecs with which a large proportion of tho tsetao pnpulation
ic ossociated, especially at unfavourable seasons of the year ("discriminative"
phase). Resting sites utiliced by tho fliea, throughout the day and night, in
theco plant comsunitios ohould be deterzined ("selective" phase). Reating sites
can bé coafined to a smaii proportion of the overall habitat, ana very restricted
use of “insecticide 4o poacible under such circuastances, especially when apolied
by ground-npray tesas applying tho principlos of "discrimination" and "gclactian®

Yindings from one groa arc not nococanrily applicable olcowhore withim the rango

of a species ard such stulies are necessary vherever coatrol operations are to
S0 undertsken.

te Loss dotailed knowluodzo of the ccology of the spocics to bo‘attnckod io
nocouzory whon blankot applications of non-rosidual insecticido are to be employcd.
In ordor to determino tia optisus nuzbor and interval between application it ic,
hovever, necessory to know the duration of the pupal period thrnughout the tine
when cﬁraying is to bo conducted; particular attention should be paid to the
coolest breeding sites, whero the period will be most puionged. It 4s the 3axizua
period and not tho menn which is most significant. For the acme reason, it iu
al3o aecessary to detesmine the length of time between the onnr:cnco'af a fezalo

fly and the production of its first larva throughout the spray period, particularly
st the shorteat pcrio&.

9. At the comclusion n? cortrol operatiors, detailed surveys are again
required to detersine whether or not eradication has been actieved. The dotection
of tactse flies at vary lcw pcpulation dersities is difficult and inefficicent and
the development of appropriate cotkodz is perhaps the most pressing need i
ptudies of Glossira ecolory. sow, efZicient devices for sampling taetse pop-
ulations have beon devolc;ué (104)3 tho poszibility of adapting these to dctoct

lov donsity populations roquires urgent investigation.

zf-."-r..--,nn?.l'. effects

We Ts and 18 to be cnesold up foT the purpose of providing foed resourcos,
shea LT muct Be ressgaiiol that tiie arTisultural sstivities thecasives which wi.

-

onsua wiod Yring about & N Zaalter covizorzental change than imitial applications
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of insesticides for tcetso eoatrol. Turthermore, the agricultural changes vill

roquire greater amounts of mcre persistent insecticides for crop protection than
111 be used ia public health. Accordingly, plascers of such large progrunecs
£ould spproach the problea of envircnmental modification fres a rexllietic
view3oilnts Uevernmezts wiich soek the leng~tera ocbjective of increased agri-
cultural yIeld sannot at tho camo time eriticize too severely the short-ters
cae of insecticides fo- veetor cqatrol.

1. The altaraatives to the use o2 insecticides for tsetse control are the
direct killirg of gz=s 'and habitat clearance. <Ohe environmsntal affactg of theaa
opurations are prodasly Sroutir thaa the use of the insecticices. Although ganetic
ceatrol of Glosaina ic a distinct feasidbility, a great deal of work will kave to
be doze to detarnine its operaticnal value. Despite recent publications on the
poc3abilitiss of blodogical control of Glossina, it is considered to have & rcaote
Secoibility.

12. For tsetse cozt-ol, ccrtain arcas of wooded savannah, riverize forestu, and
Zc-ozte propor, including tho ocotoncs betwacn such systess, will be treatod. Tho
24>3% 8tap would be to =3p or classily the major ecosystens that will be covered
by trecatzment, and basod vpon oxisting literature, to provicée a proliminary linting
a=d otructure of the major animal groups L1 each. From this & seriss of indicator
orcaadsas cen be derivod azd their avalladbility and relative adurdance in each of
thosu zain ecosystems sypcoxizated ard checked by spot surveys.  Once spraying
merutisnc have beea docidoa upen, and tho toxicity of the inu'cticido(l) soloctad
dotorwined for major groups, i.s. masmalicn, avian, fish, etc., a samplin,
proceduTy for the incicator spscies population levels can be established, Thore
are miterous adequate jroseduros for detorniiing vertebrate population levols
devending on availadility of marpowe> and the precision desired. Other major
crewde te be .upld winld bo abn-urgot fovest izsects as well as seil organiaszs,
e:pecially Annalida ud ustrropcis.

1 P'inud. pessuressnts <o detereine the distributien and gquantity e?f
" insecticilen spplics by asrial corsyirs in s:sple hebitate should alse be =zde. /

Initially, thic sbeuld be deio in a weelel area st & sandpy level, at iater- Mb
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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.

FUTURE RESEARCH REQUIREMENTS

14. Hecent progress in the use of fixed and rotary wing aircraft and ground
equipment for insecticide applications 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 whese 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 sooount.

laboratory evaluation of new insecticides and formulations

15. COPR is engsged in a continuing programme for the laboratory testing

and evaluation of candidate insectioides for toxicity to tsetse flies in collabo
tion with WHO. Comparative toxicities of compounds supplied by industry, resear
institutee, universities and other sources are determined by a standard method

. of-topical application of solutions to teneral O. austeni obtained from pup‘i'.
The results are published from time to time (43) and indicate the most promising
insecticides for space sprays. Other properties such as volatility, solubility
stability are also measured to indicate suitability of compounds for residual
activity. ‘

16. A research programme on formulations of insecticides for repidual actiyity
on vegetation is also currently in progress. A spray tower has been oconstructed
for the simulation of ULV conditions; that is, the applicution of concentrated
solutions of 10% or more active ingredicnt at low volume rates and controlled
dropiet size, Observations are made on the physical state of deposits on leavea
and of the persisiencu of the active ingredient on leaves, The pursistence and
availability of the active ingredient is measured by biocassay and ohsmicaliy by
G.C analysis.

® Supplied by Ministry of Overseas Development and University of Bristol, Tsets
Research laboratory, Dept. of Veterinary Medioine, langford House, hlngfotft
|
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Ficlé studies of new irsccticides and techniques
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Ground applications of residual insecticides.

19.. Persistent chiorirated hydrocarbon insecticides e.g. DDT, dieldrin and
£°9 are in current uce for tsetse fly control. Insecticides are applied
selectively to the knowz rosting sites of flies e.g. the trunks of trees and the
undersides of certaixz branches or to leaves in the caropy, and are effective wnen
applicd to riverine and savanza vegetation using ground spraying machines.
Insecticides whica are envirozrentally core acceptable and less toxic to catile
and husans world be evaluated for use by thisz method. Trials with these insect~

jcides should include dicldrin as a reference treatzent. Details ol proposed

=ials are shown in ..;:pendix 2.

Cround applicaticns of rer-rosicual insecticides.

13. Hand carried equipzent for applying aerosols for taetse fly coutrol has

Leen used in various pcris of Africa, but the method has ncver been cdeveloped
to any extent. Zquip=zont applying SD? as fogs has been tried but there iz a
reed o evaluzte alternctive ess persistent inrecticides applied as ULV or as
dilute foraulations suitadle for Zozging. These methods are unlikely to lead
to permanent eradication bu. thore are requirenents to reduce fly numbers

rapidly in erergency slecpinz sickaess situations, in areas of husan habitation

or of tourist interest. it would te necessary to study sequential applications

of insesticide if long tern control was required. Applications of ingecticide

#=0z boats would havoe tc oe corsidered for access to difficult riverine areas.

Datails are given in Arpcadix 3,

_ Nptrey uvine airernfs an-tircsinan of residual {inmecticides

“Oe Peraistent chlorinatcé hydrocarbon insecticices e.g. DOT, dieldrin and

endo=ulfar have recen:ly bcen shown to control tsetse flies effectively in Vest
Africa by digerinirative tr~itzonta of aerial sprays applied by helicopter to

forec: islands, drainszc & ...ca, ecotores ané stretches of river where the ‘
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cavirons. 1tally safer and locs toxic to man and cattlo. It i AlnO impor::nt
9 exazina closaly thu econczics ol this method and the possibility of wuing

¢iffcrent formulatiozs Zer groater efficiency. Details are given ia Appendix

4.
2Ratary wine aireralt . mlientinna of non-residual insecticides

26. "~ Tho control of tsctse Zlics along large strotches of rivers whore -round
vecess is difficult h.:; always proseatod problems. Fixed wing aircraft do not
‘have Sh0 nanoceuverabiiity so follow the course of tho riverine vegotation and
rosidual spraying fro= the &ir causes groater environmental side effects. Zhere
is tacrefore a ncod %o dovico a nonercsidual sproying technique using envirizaenate
ooy ..fo- insocticiccs fo» tho rapld reduction of fly, especially in areas

wicro sleenizg sickndcs ic opide=ic. Dotails are given in Appendix 3.

A s ficedawinzy girsraft canlications of noa-residun)l insecticides

. The techniqua of apnlying aervosols froa fixed wing aircraft for tsetse fly
control hos been woll tried ard hos been shown to be effective with a varicty

¢f {nzccticides in Z2icla cxperisernts ond in large airspray operations but rcguires
cdisicaal dovelopment work. ZndosulZin is currently used at rates of 6-%4 g/ha
pc> trcatcomt. There pay uo situations whero this incecticide is a Bazasd, c.l.
wousd rivors or laki:. a=éd it would be vorthwhile assessing alternative insecte

{cices. Detalls ara sivaa 4z Appendix 6.

Best Available Document
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REPORT OF TSETSE FLY PROJCCT REVTEW COMMITIEE
Tanga-lilvaja, Tanzania, January 24~25, 1977

The research program on the use of sterile males of Glossina
morsitens is now concluding Phase II, the developweud vf fly production
methods and preparation of a field test aité. Since the last review,
the project has cocpleted its building activities, demonstrated the
capability for recring sufficient flies for a release operation and
initiated population analyses and field studies pursuant to initiating

the Phase TII; a field trial during the latter part of calendar year 1977.

Tha current status of the program is adequately describedlin the
working papers presented by the research tean staff for the Review
Crumittee (Appendix 2). Folloving a thorough review of this materlsal,
close inspection of. the facilities at Tanga, and a visit to the field
site, the Comittce recommends the irplenentation of Phecse IITI. The
Comnilttec debated the remaininz requirerents and the operational planning

for Phase III. A bricf surmary of the agreed procedures follows:

Fly rearing and host animal production at Tanga

The fly colony is being increased so that it will reach the maxizum
level of 45,000 females and 15,000 males sometine from June to Septeubar.
When this is achieved approxinately 35-457 of the females and 25Z of the
sales produced will be required ‘to maintain the colony at a stable level
of production. Depending on the reproduction characteristics of the

colony at that tine, between 80C and 1,200 males will be available for
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daily rclecase. 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 barricr zones.

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

to assess its -iability and competitiveness.

To provide replacement stocks in the event of a diseaster in one
of the insectaries, a back-up colony of the internal I strain is being
maintained at the TAEA Seiberdorf laboratory. This strain, currently
3,500 strong, will be increased to 10,70 females prior to initiation of
the releazsc program. The back-up colony will be able to supply up to
13,000 pupae upon demand plus 430 daily threafter. This colony is becing
maintained exclusively on preserved horseblood using membrane feeding
techniques, and has a sorevhat lower mean pupal weight than animal-fed
flies (28mg vs. 30ng, respectively). However, its fecundity currently
exceeds that of thec animal-fced colony by about 23X. Tests will be
conducted to deturmine the reason for this large difference in order to

improve the fecundity of the aninal-fed flies. The advisability of
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initiating a second back-up colony (5,000 fcmales) at Langford is under
consideration. Vhen sufficient numbers are available it nay be possible
to test flies of the back-up colonies in the rield. Cytogenetic atudies
wvill be conducted at Langford to .deternine the similarity betwveen the

back-up colonies and the parent Tanga stocks.

Because of the presence ond importance of G. pallidipes at Mkwaja
Ranch, an attempt will be made to establish a colony of this species
in Tanga. This species will be maintained as a szall, research colony
in anticipation of a future increase for relezse purposes after the

control of G. moxsitans has been achieved.

Approximately 550 goats and 110 rabbits will te required for maximum
fly production. These numbers include provision for reserve and sick
animals. It is anticipated that adequate nunbers of both hosts will be
on hand by March 1977. The rabbits will be utilized in one or more
insectaries as hosts for thec stud males. Female flies will be fed on
goats routinely, but the presence of rabbits provides an alternate host
for some of them if required. To prevent disrupticn in thn'nvuilnhilgty
of these hosts, continued ecphasis will be placed on daily veterinary
surveillance, provisfon of adequate insacticide-free foods, controllad
herd managehent aad breeding tc?hniqucs. In addition, goat barn
modification vill be urdertaken to upgrade the goat quarters in Insectaries

I &6 IXI to that of Insectary III.
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Handlinz, Transport and Stcrilization

Studies at Tanga have confirmed the suitability of irradiating
pupae in a nitrogen atmosphere. Further work is scheduled to determine
methods of pupal storage to obtain opticum numbers of viable sterile

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

purposes.

The current concept includes alloving the bulk of the fenales to
emarge at Tanga, then cooling the remaining pupze (nostly males) for
transport to Mkwaja Ranch, vhere they will be irrzdiated and released
prior to edult emergence. Testing will include an assecssment of
stockpiling male pupae to reduce the nunber of trips required betveen

Tanga and Mkwvaja.

Barrier Yetlocdoloev znd Fly security a2t Mivaia

Insecti{cidal Barrier:

The 1 En vide cleared Larrier will be co=zpleted betwveen llarch and

June. The barrier vill be reinforced along the outside perirater vith
residual applications of 5 DDT on the lower 10ft. of treca greater than

inches in diameter and on the undersides of the lover branches. - Bpsed
on available information regnrding the vidath of a dialdrin barrier required
in Tanzania and Uganda, the {niti1]l barrier testing should utilize a
300m. treitment swvath. This test should include at least ] linear oiles
and perhaps cover the entire portion of the barrier separating the

treatoeut and gnntrol areas. Treatments should be at bimonthly intarvals
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and bioassays will be conducted to assess the degredation of the residue.

Sevaral techniques should be utilized to determine barrier
.affectiveness and it must be recognized that failure to detect fly
nmovement across the barricer will not neccssarily democstrate that it has
not occurred. Fly movement serves ac the najor neans of isaesling the
effectivenecss of the barrier. Laboratory-reared flfes will be marked
as they emerge outside the barrier, wild flics will be nmarked in the coucse
of nctmal flyround activity, and addtitional flies will be capturecd,
marked and transported to the outside of the ‘noecticide treated barrier
for releace. This activity should be coﬁcinoua for a 6 to 8 week period
and, if no migration is detected, should contirue thereafter but on
less intensive basis. Several bait animal capture stations will be
eatablished along the inside perimeter of the barrier and manned during
veek-days curing the tests. In.addition. flyround surveys and poscibly
electric grid trapying vwill be used to capture flies and detect migrants.
All migrants from outside the treated barrier will be placed individually
in tubes, killed in the sun, and chewically analyzed for insecticidal

content.

If the 300n insecticidal barrier is not cuccessful, the width will
be increascd and the testing repeated. In the evencthat the bcorrier is
still not coumpletely effective, a naximun barricr of 1 lm will be
evaluated; if this treatmant is sufficiently effectivo, the raleases

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

suppression.

To encourage an sucquace asscssuenc or Thne roicase Or sterile
males, avaluations will be conducted in both the outer perineter of che
Teleage area and in the ..inner core. Evaluating the information in
this manner ray make it ponlibie to deternine the influence, if any,
of immigrant flies and thus judge wore accurately the efficiency of

the released rales.

Fly Security

Fly gatce and/or deflying chambers will be established at the
accer~ roads to the release portion of the ranch. Movement by rsnch
animals between the north and south sections and in the cleared barriers

vill be taraincted prior to the inital suppression of the fly population

Population and fertilicy asgsessrcent at !fkwvaia Ranch

?lyround activity vill 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 vill the correlation betveen screen and cattle flyround capture
afficiency. These techniques, supplecented by other trapping methods
that may becorze available, will provide data for estimates or population

density for morsitsns and pallidipes males as well ss apparent density
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estimates and nmale:female ratio: During the actual release program
the irradiated males will be automctically marked as they energe fron
the puparia and thus it will be possible to determine sterile male to

vild nale ratios directly and to identify the rcleased females.

Fenale fertility assessment wiil be conducted by the following methods.
The incidence of reproduction malfunction will be observed by dissection
of captured females and compared to baseline data and also to observation
pade concurrently in the control area. Secondly, if feasible, captured

females will be zaintained for reproductive assessment in the laboratory.

Additional population characteristics will be monitored including
analysen of blood meals with both pallidipes and moristans and the

susceptibility of rorsitans to toxaphane. residues on treated cattle.

An asscscoent of trypanosoze transmission will be made by conducting
or contracting vork on infection rates in both species of fly, randon
sampling of up to 10X of the cattle herd, and obtaining such information

on infection rates among wild animals as is practical.

Fly rcleases will be continued for a ninimum of 6 months following
the last capture of a sterile wild female (if the barrier is coapletoly
effective) and surveillance will continue for an additional 6 months.
If the barrier 1is coopletely effective, the continuation of release

for such a prolonged period may not be required.



!ggulation cgggression at Mkwsis

Bascd on prelininary estimates of the population density of
C. morsitens at Mkvaja Rach, 3 ULV {nsecticide applications will be
required. It is estinated that if 90% control is achieved with ecch
application, it will be posaible to release daily 2 tines to 4 times
more sterile males than the number of wild males that will be emcrgicg
froa pupae. spraying will be conducted in the relessec area with ninimal
overlap into the barrier zones. Endosulfan will be used at a rate of
30;-/51 per application, about 60O kg A.1. per allication. 1f feasible,
the spplication will be applicd with the Cessoa 185 aircraft currently
based at Arusha. Additiopal equipment for the aircraft will be
procured fron the cormercial operations contracted to perform the work
and an experienced concﬁltant «{11 be obtained to oversee the application
program. The #urrenc astinate calls for the interspray interval to be
15-18 days. The most opportune time for the operation appears to be

between Septecher and December, vhen the foliage is at a mininum and

prior to the foliage flush that normelly preceedc the rains.

The affectivenccs of each application will be monitored by standard
flyrounds and/or standing bait fly capturesv In addition, variations
{n control levels lue to differences in the bush canopy will be determined

by bicassay at selected sites.



Releasc Sequence at Mkwaia

Pollowing the figlt aerial spray application sterilec males may
be released in areas of maxinum fly density to obtain some level of
reproductive control on the subsequent females emerges. These
relcased males will be destroyed by the second application, but by
‘that time tﬂey shauld have exerted sore effect. Sinilar releases
way be conducted after the second application. Following the third
spplication the releases will extend throughout the entire release
gone, with linited numbers being released in the barrier zone. Current
calculations indiczte that it will be possible to achieve a ration of
2-4 sterile zmales to each wild male at that time. This should cause an
ixmgdiate reductioﬁ in reproductive capacity and significantly reduce.
the size of thc subsequent generstion. Releases will be continued at
the maximun rate possible, with due consideration for irregular density
distribution through the release zone, in order to obtain the maxinmunm

rate of populction decline.

In all probability releaces will be made daily, with each release
site boing serviced from 1 to 3 times weekly. Pupal irradfation will
be conducted at Mkvaja Ranch to take naximum advantage of the sticuvlatad
emargence caused by irradiation. The irradiated pupac will be packed in
small containers under a layer of inert material containing flourescent

pover. The containers will be distributed to some 250-300 selected
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relezse sites along the existing flyrounds and in the barrier zone.
The actual schedule of releascs and distances between releasec sites
will be determined following upconing field evaluations of the

released flies. In addition to the flourescent pouwder mark on the
released flies, a mutant marker strain may also be utilized to help

monitor the effectiveness of the release insects.

Completion of Propramne:

The effectiveness of the sterile male programe should be
evident by the end of calendar year 1978. Although releases may be
continued after that time, an analysis of the operational feasibility
and economics will be possible early in 1979. Thus, the project
staff should at that time have their.data pteparcd for a critical
evaluation by the Review Cormittee, and subsequently by other interested
parties and organizations. At that time final preparations should be
undertaken to renew the prograzme for such large scale operation as will
have been decided upon between now and thon. Potential areas for future
operation discussed by the committec include Mkwaja(pallidipes), Zanzibar

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

KXonnerup/David Dame:vdw:2/18/77
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