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SMWA&I STATEMWT The Environmental Assessment Team has concluded 
that the Tsetse Research Project, Tanga, Tanzania 
will have negligible detrimntal effects on the 
environment of the Project Laboratory at Tanga 
and the field test ite at the KkwaJa Ranch. As 
a result, given the successful conclusion of the 
Sterile Male Insect Release Mthod, future tsetse 
fly eradication projects may be undertaken with a 
40 to 50% less dependence upon insecticide 
applications. 
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1. INTRODUCTION
 

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

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

The environmental assessment team was appointed in the fall of
 
1976. It conducted a literature search in the U.S., convened a
 
preliminary planning session and soon thereafter, undertook an on-site 
visit in January of 1977. AID requested the assessment team to provide 
AID and the Host Country with a comprehensive statement of the reasonable 
foreseeable environmental effects of the SIRM as a componLnt of an
 
integrated tsetse fly eradication program at Mkaia 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 SIILM in appropriate combination with
 
other methods of reducing the fly population. It is also posnible that
 
the SIRM may develop into an important maintenance control method.
 
The success of failure of the experiment will provide the necessary
 
guidelines for future large-scale operational programs.
 

The assessment team undertook to: (1) describe the existing ecosystem;
 
(2)delineate activities that might have beneficial or deleterious effects
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on the eirjironment; (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 SIR on animal and human populations; and (6) assess how an 

understanding of the basic science of tsetse fly eradication can 
contribute to ecosystems management. The information thus derived 
has been collated in this report for concerned persons in the U.S. 
and Tanzania. 

We wish to thank the staff at the Tsetse Research Project in
 

Tanga, the management of the .Dwaia Ranch, the Department of Zoology
 

at the University of Dar es Salaan, and the Ministry of Agriculture
 
in Tanzania for their cooperation.
 

A. PROJECT RATIONALE 

Tsetse fly infestation in Africa is considered a major constraint 

to the full utilization of large areas for agricultural livestock 
production. Infestations of the tsetse fly have precluded human and 
or livestock occupation of approximately 10 million square km. in 
Africa. There are several types of trypanosomes, but the major ones 
cause Nagana in cattle, and sleeping sickness in huans.
 

ith 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 economic development." 
The declaration was given urgency in the United Nations study on 
the Future of the World Economy (1976). The Report argued that "the 
mjor thrust of food supply in the developing regions will have to 
come from an increase in their oun agricultural output but even after 
mobilizing available excess arable land resources, the land productivity 
(including 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 among the livestock diseases which 
hinder development. It estimates that 60Z of Tanzania is infested 

by the fly. 

In the past, methods for controlling the tsetse fly have included 
large scale clearing of natural vegetation on which the flies depend 
for shelter, killing of indigenous wildlife on which the flies depend 

for food and, core recently, use of indecticides and herbicides. 
According to (J. Ford, 1976), "in Africa as a whole, one estimates that 
since large scale attempts to eliminate tsetse fly were begun in about 1925, 
total success may have reached about 1.5Z of the infested areas, 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 environmentalistm are
 

forcefully making the case for the preservation of natural ecosyatems,
 

research activities In biological control measures have been greatly
 

stimulated. The most promising lead to date is the sterile male
 
release. 

In the case of the tsetse fly, cha SIRM introduces within the 

environment active tsetse flies who have been rendered sterile by 

irradiation. A preponderance of sterile males can virtually halt 

the reproductive process of a natural fly population in a predictable
 

period of time. Since 1963, U.S. AID has 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 Tanta, Tanzania.
 

The objective of the Tanga Project is to determine the efficacy
 

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

protected from reinfesration. The questions to be resolved are
 

whether a sufficient number of flies can be reared in the laboratory,
 

sterilized, transported, and released so that the flies disperse and
 

effectively compete with the males of the natural population.
 

s. PRoJycT FACILITIES AMD THE TEST SITE
 

The fly rearing laboratory for the Tsetse Research Project is
 

located 3 ka. west of Tanga, Tanzania. The facili ies consist of a
 

rearing station, laboratories, and headquarters fkr the administrative
 

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

completed early in 1977 In addition to the three insectarie, there
 

are associated 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 rearing of flies and animal husbandry,
 

the 126 member staff has developed methods for handling, sterilizing,
 

sod transporting the tsetse flies arid 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 anong wild and domestic
 

animals.
 

Mkmaja Ranch field site for the Tsetse0Research Project, is
 

located 100 km south of Tanga, Tanzania (38 41.5'E, 50 45'S). The
 

Ranch has operated under the Swiss management of the Amboni Sisal
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Estates, Ltd since 1953. Approximately 12,000 head of commercial 
cattle graze the ranch which consists of a coastal voodland-savannah 
vegetation mosaic varying from open grassland to dense thicket and 

The ranch is divided into northern sad southern sectionshigh forest. 

(see Figure 1). The northern section covers about 260 sq. km. and is
 

the site of the research program; the southern section is slightly
 

mller and serves as the umtreated control area.
 

Tsetse files (G. morsitans, G. pallidipes, and G. austeni)
 

inhabit the ranch and transmit animal trypanosomiasis to the livestock.
 

Human trypanosoiiasis does not occur on the rancb or in the surrounding
 

Four times each year the livestock receive prophylactic treatment
area. 

(isometamidiwu) to prevent trypanosomiasis and in addition they are
 

dipped weekly in toxaphene to control tick-borne diseases.
 

Since the beginning of the ranch operation, ter.ral programs have 

been undertaken to control the tsetse fly. However, today the tsetse
 

flies are present in even larger numbers than they vere originally.
 

Importantly, moreover, C. a. morsitans, which was not detected earlier,
 

has become a dominant tsetse species. Past experiments with insecticides
 

and partial barrier clearing have failed; the only new element to be
 

introduced into the environment by the Project is the sterile male fly.
 

These conditions, together with the large number of cattle at risk,
 

make the Mkvsja Ranch an ideal site for the field trials.
 

C. PROJECT SCHEDULE
 

The Tanga Tsetse Research Vloject was conceived in three phases.
 

The first phase, now successfully completed, was to establish a captive
 

colmy of G. a. =orsitans. The second phase is to expand the colony so
 

as to produce-sufficient numbers of flies for stexilization and release.
 

The third phase is to complete the ecological studies and field operations 

for the suppression or eradication of the tsetse fly in a test area of 

.about 260 square km. The colony of G. r. norsitans at Tanga is the largest 

colony of a single species of tsetse fly in existence. The colony'vill 

reach-the level of 45,000 females and 15,000 sales sometimes between 

June and September of 1977, making available between 800 and 1200 males 

for daily release. These ntmbers will permit a daily release rate of 

3 to 6 flies per square km.
 

The present conception of the release technique is based upon
 

letting the bulk of the females emerge at the rearing laboratory (females 

precede males in evergence) and cooling the remaining pupae (mostly 

malas) for transport to the Mkwaja Ranch where they wil be irradiated 

and released prior to emergence as adults. The release of the sterile
 

sales will follow two or three aerial applications of endosulfan designed
 

to reduce the tsetse fly population to a manageable level. The releases
 



-6

vwll continue for 16 to 20 months. Tho effectiveness of the treatment 
-giwl be monitored by routinely assessing the fertility and population 
densityof the target species, G. M. morsitans, and the density of 

..-pallipides. The adjoining section of the ranch ill serve as the 
control area and will not be treated. The Tanga Tsetse Project 1i
expected to be completed by the and of FY 1979. 

I. THE EXISTING ECOSTTEM 

A. THE MKWAJA RLnCa 

Description of an ecosystem requires comprehensive consideration 
of the interaction between living and nonliving portions of a natural 
unit. In srder for th.e whole interlocking mechanism tc function as 
a natural co==unity, its various components must be present in sufficient 
approximation of working harmony to permit normal growth and replacement 
of the constituent plants and animals. Examples of the nonliving
 

components of an ecosystem are energy, water, essential minerals, and 
atmospheric gases. Zam=ples of the living components are forage and 
food producing plants, food producing animals, organisms which aid in 
recycling, and the d.-inaut species which create the general character
 

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. Removal, stress, or ill health of the important partici
pants can reduce production of materials or cause the natural resources
 
present to diminish.
 

At the Hkvaja Ranch, the elevation, topography and soils vary and
 
these differences re.resent distinctive ecosystem. The past and present
 
land use has determnied the natural commities as they are described in
 
this report. The general setting for the regional environment has been
 
ably presented in The .atural Resources of East Africa (Russell 1962).
 
Auother important reference is the Atlas of Tanganyika (1956).: Specific
 
source material will be cited in developiu4 the discussion of separate 
euvironmental elmagnts. 

Since the establishment of the Hkvaja Ranch in 1953, the management 

hbs tried to control the tsetse fly by barrier clearing and use of 
Insecticides. Livestock productivity depends, however, upon chemoprophylaxis 
and drug treatment as the cost effective ways to combat trypanosomiasis. 
Because of the ranch's professional management and experienced employees, 
this ranch operation represents, as T. Ford and E. Blaser wrote in 1971,

"a large scale field experiment" in comsercial livestock production in 
the semiarid regions of East Africa. 

Prior to the ranching operation, the land had been unoccupied be
cause of the low rainfall and the generally poor condition of the soil.
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It is representative of many other areas where farming cannot be 
productively undertaken, but where livestock operations could be
 
maintained. The Mkwaja ranch manager described the major constraints 
to improve livestock productivity as, first, the tsetse fly, and 
second, pasture aintencance in the face of the rapid bush regeneration. 
-Forage quality is also a problem and varies from season to season. 

The lkwaja 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 operate-on. --

Approximately half of the workers and their families have resided 
on the ranch for over ten years. The other half, primarily herders, 
come and go frequently. The job of herding has low status and the 
turnover is so great that it is constant source of frustration to 
the management. 

Almost all settlement services are provided by the ranch. The 
first ranch school -,as opened 18 months ago by a teacher provided by 
-the government. Only first and second grades one offered, and children 
must go to the neighborifg village 8 km distant to continue their 
education. Some 40 children on the ranch reside in small settlements 
near the corrals or bomas and do not receive any scholling. In 
compliance with the government campaign that was initiated two years 
ago, the ranch management embarked upon a massive reading program 
for adults. *.Everyworker 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 Mkvaja Ranch in training and providing 
regional leadership is disproportionately small in comparison with its 
substantial experience in livestock production. 

Figure I shows the ranch and the surrounding areas. The ranch area. 
occupies the width of the coastal plain and is divided into two uJections, 
north and south. The Tsetse Project field site is an irregular -.quare 
between the Indian Ocean on the east and the East African Railway on 
the west going north from Dar en 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 



aortheast of the ranch begin the extensive estates of sisal. cashew 

and coconuts.
 

1. Non-Livins Components of the Environment
 

Physiography: The coastal plain at the !kwaja Ranch release site 

is a flat, narrow belt of consolidated sands extending inland about

20 km to :e toe slope of the escarpment that raises to the Masaiplains 

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

near 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
 
through the
contour. The Msangazi River flood plain which courses 


in elevation. The lower
northern part of the ranch does not exceed 40 n 

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

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

25% of the ranch. 

Climate: This tropical region is characterized as having high
 

humdity, an annual rainfall of 800 to 1200 mm, and mean annual temperature 

ranging between 240 and 32 0 C. From the require=ents of plant growth, 

the area has a subhumid tropical climate; however, the potential evapora

tion and moisture deficit is high during the dry seasons, altering the 

climate of semi-arid conditions at times. Rainfall patterns at the ranch 
annual precipitation isare typically bimodal. The 21-year average 

Averages for the 21-year period 

1,008 n; however, 
Africa. Beginning 

places throughout Eastrainfall is erratic as in many 
in 1969, six out of eight years recorded an abnormally 

low rainfall. 

record as vell as for the moist 

and dry segments are given in Appendix A. When analyzed, these figures 

show apeak for long rains in April and short rains in November. The 

corresponding low points in the dry season occur in August and again 

high except during the mid-day periodin February. Humidity remains 
of direct overhead solar radiation, and the corresponding period of 

relative humidity sometimes reaches as low as 35 and 40 percent for

several hours (see Appendix A). 

Parent Material and Soils: The substratum underlying the coastal
 

plain is a combination of coral rag, sandstone, and some limestone
 

The first 5 km inland from the coast contains underlaying
(Atlas 1956). 
km band contains Quarternary sediments.of Quarternary alluvium; the next 10 

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

The east central uplands of the ranch are suspected to have been c'Lsed 

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

red orange loamy sands; flood plain alluvium found along the Msangazi 
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liver consists of gray to eark gray "black cotton" soils. Soils of 
the eastern coastal plain are loosely consolidated and form shallow 
4andy drainageways coursing south and eastward toward Mkvaja village 
The greyish cast is a humic layer to a depth of about 25 cm. This

bumic 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 foams 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 consolidated red-orange sands 

in the southeastern corner. Where the central uplands break toward the 
Hsangazi River to the north and west, grey sands again become higher in 
color; this reflects more rapid geological erosic;t from the steeper 

slopes. Isolated outcropping of coral rag can be found at or near the 

surfact 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 Harch-April 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 
retain water and frequently water is hauled from a distance of up to 
32 km. There are 15 good reservoirs, some in excess of five hectares. 
Attempts at exploiting subsurface water have not been successful. 
Salt water is all that has been obtained from the several previous
 
borehole attempts. At the present time a borehole is under construction
 
on which an accurate log is being kept. The prospects for this 41 m
 
yell 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 movemant patterns and particulate suspensions, both 
natural 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 was undeveloped land. Formerly, wildlife begun through the coastal 
plain highgrass and consumed all but the most resistant woody species 
during both the short and long dry periods each year. Lightening un

doubtedly was an agent in the large scale firespread, but under present
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rang.-grazing conditions is of less significance. So called wildfiru 
cctribute nearly all smoke particulate matter except that fromwood 
fires eeded 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
 

aid-day winds dimi;ishing to near calm between 2200 hours and daybreak. 

Mid-day extremes night approach 25 to 35 km per hr), while normal move

ment is between 10 to 20 km hour. Upper level storm patterns can 

originate from inland convection patterns but the monsoonal begin at 

sea. Storms produce intensely heavy rain of short duration which, when 

occurring on dry or super saturated soils, produce large volume run-off 

with accompanying sheet and gully erosion. These high run-off situations 

are aggravated by the excessive removal of ground cover caused by cattle, 

trailing, grazing and fire. 

2. Living 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 animals. Host 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 

are recent geological changes along this eastern coastal region, plant 

and animal speciation and distribution show a mixture of interior 
ecosystems with that of the marine and oceanic environments. 

The impact of the ranching operation has not radically altered the 
fauna or flora so as to exclude many, if any, species. Perhaps the 

greatest change which has resulted from twenty years of domestic grazing 

animals has been the rapid encroachment of woody vegetation. 'In the 

past, the high voli~e of grass fuel for repeated burnings prevented bush 
The recentestablishment and maintained only fire tolerant species. 


efforts to suppress range fires and the effect of livestock grazing 1&ave
 

resulted within a short time period in the invasion of bush and the 

consequent mobilization of much of the nutrient capital of the basic
 

soil productivity.
 

These vegetational changes have altered the composition of the
 

dependent animal co=unities. This is not to say that any species of
 

animals or plants have necessarily disappeared; on the contrary, some
 

existing or new species may well have acted as invaders or actually 

Increa"d their presence. Wart hogs and perhaps waterbuck are examples
 

of species which have been favored by the livestock occupation. 



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, tim. of
 

day, route traveled, kilometers traversed and the number of animals by
 

species. Gender was noted when detected. The total of 23.5 hours of
 

daytime observation represented a normal distribution of morning, midday
 

and evening hours. More species were observed during morning and evening
 

activity periods than during the midday periods. This was particularly
 

true in cases of the ruminant ungulates. During the field inventory
 

373 km of primary and secondary bush track were tranversed. In additiun,
 

cross country travel and foot safaris were undertaken to observe plant
 

and animal communities throughout the entire ranch. Animals recorded
 

during the inventory constitute about 40% of the species known to reside
 

for at least part of the year on the ranch.
 

AnlIals not seen but known to be present, such as the elephnnt
 

and buffalo, would add considerably to the biomass. The field inventory
 

and the complete list of larger manuals, birds, and reptiles known to
 

occur on the ranch are given in Appendix B.
 

Plant Communities: Appropriately, the translation for the Swahili 

word Mkaja is the locally conspicuous tamarin tree (Tamarindus indica) 

Ufortunately, this is where a simple approach to identification and 
Although aclassification of East African coaatal vegetation ends. 


number of classification schemes has been suggested for East African
 

plant communities and ecosystems, none has yet been generally accepted
 

or has stood the test of time. The in-local classification is the
 

pbysiogomy or plant structure and the surface area coverage by the
 

dominant woody species.
 

In view of the variation in local methodology and the nature of
 

this in-local tsetse fly habi-at, it was decided to combine the best
 
use and develop a classification method
features of several systems in 


which would meet the specific objectives of this assessment. A review
 

of the literature upon which the assessment method for typing and map
 

preparation was drawn is found in Appendix C.
 

Limited time precluded a detailed inventory listing of all six 

types of species components. However, najor trees, bush, and grass
 
The field survey
asiociations are presented and discussed in Appendix D. 


was essential for the analysis of the 1976 aerial photos and the sub

sequent preparation of the map. Our general interpretation followed 

the scheme of land units (coastal plain-bush grassland) proposal, Christan
 

Gillman, who was perhaps most familiar with Tanzanian vegetation,
(1958). 

broadly mapped the Mkwaja region as bushed grassland (1949). The assess

st team analysis identifies the field site for the Tanga Tsetse Project
 

as four major and three minor land units and associated vegetation cover
 

types.
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1. 	 vergreen grouped tree grasslands found generally 
throughout the western and southweatern uplands. 

2. ixed (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. 	Do,- and Borassus palm-high grass found in the alluvial
 

flood plains of the .sangazi River. 

The minor types which occur in addition to these units may be identified
 

riverine gallery forests of the Hsangazi River and tributaries, the
as 
high mixed(evergreen-deciduous) forests of the northern and northwestern
 

mountains, and secondary bushland thickets.
 

3. 	 THE TANqCA REARING LABORATORY 

The 	 Tanga Project e=ploys 126 individuals, of whom five are 

expatriates. The senior staff includes four entomologists, a veterinarian, 

and a rearing specialist. There are 2 research officers, 3 field officers 

and 14 assistant field officers with government certificate training. 

The remaining employees are laboratory and field assistants drivers
 

and support staff.
 

The construction of the insectaries began in June of 1972; and the
 

third and finsl insectary was completed in early 1977. All facilities 

are simply designed and,except for the inportation of scientific 
Instruments,have been built with local materials. The complex consists 

of the three insectaries, associated animal sheds, animal quarantine 

buildings end the irradiation unit. The 8 hectares surrounding the 

the animal paddocks and the forage crop productionbuilding serve as 

area.
 

The insectaries are designed to house 60,000 flies capable of
 

producing 30,000 =ales per month. Approximately 490 goats and 115 rabbits
 
The Tanga laboratory uses only
are maintained as hosts for the flies. 

blood of living animals. A method for feeding colonies of tsetse flies 

on blood presented through artifical rmbranes has recently beer developed 

In Europe, but was not available when the Tanga Project was initiated. 

In the future, however, the costs of mass-rearing flies will be much 

reduced by the use of membrane feeding.
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A research program such as the Tanga Project does not have a 
However, the on-the-job trainprimary responsibility for training. 


contribution-SlbeitIng is excellent-and =ust be judged as a siaftafkant 
The laboratory is rearing flies succeusfully
an indirect benefit. 

With a staff (average age 20), only a few of whose members have had 

sore than seven years of formal education. As the project leader 

pointed out, if training is neglected at the research stage, when 
scarce.
the-project becomes operational trained manpower will be 


The conclusion reached from observing the managencnt and work
 

disciplines of the Tanga Laboratory is that training, intermediate
 

and advanced, must be a component both of research programs and
 

operational programs. 

The Tsetse Research Project has developed good contacts and
 

exchanges with other institutions in Tanzania; however, it would have
 

of the Project had permitted abeen desirable if the initial funding 

For example, students
 more flexible and innovative outreach program. 


from shortfrom national educational institutions wotld have profit 

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.
 

to be comended for the preparation of a brochuresThe Project is 
The Project has developed a working relationship w thin Kisuahili. 


the Food and Agriculturethe International Atomic Energy Agency and 
Bristol.Organization and The Tsetse Fly Research Laboratory at 

Jf
Rngland. Informal relati>nships have been maintained with ths IC 


and ILRAD in Nairobi.
 

IM! TM!MENVIRMII -ASSESSK~ 

A. PROCEDURES 

adverse
The measures and procedures used by the team to woth the 


and beneficial impact of the Tsetse Project were based upon the iden

tification and estimates of the effect of insecticides, and herbicides.
 

release of sterile male tsetse flies upon
bush cloaring, and the 

the fauna, flora, soil, water, and atmosphere of the test site. These
 

Impacts were evaluated from the perspective of the proposed control
 

at thn field site and the utilization of the
of C. a. morsitans 

not weighed, and,
raring facility in Tan&& . The separate impact were 

therefore, no comparisons were made of their relative significance.
 

The team notes that the present environment assessment cannot
 

resolve all the complex socio-economic issues ourroundinR the mounting 

fly control programs, including the SIRM, over largeof integrated tsetse 

and ares in Africa. The analysis and prediction of the Impact upon
 

bhum population are considerably more difficult than the technical
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of-the"impact of the control techniques themselves. Informalysis 
ution-is simply not available as to how the present populationis,-often 

situationi*brbought-already-abused-and impoverished, wili respond to new 

about by new technologies. Thus, in its socio-economic evaluation, thi 

-tea has limited its assessments to those that could be made with a 

high degree of confidence and has indicated the limitations in the 

analysis.
 

The estimated environmental effects of specific projects
 
Each aspect of the tsetse fly proactivities art summarized below. 


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

a separate evaluation.
 



B. EXPLANATION AND SM04ATION 

10 Barrier Clearing: The ilbwaja 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 surroundng
areas. 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 is 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. Appication of Herbicide to Portions of the Cleared Barrier: 

Following the clearing operation, the herbicide Tordon 155 will be applted 
to control vegetation regrowth. The herbicide will be hand-applied by 
brush onto the stumps to avoid general contamination of the soil. The 
treatments will prevent regeneration and, in turn, the reestablishment 
of insect and avian population that had inhabited the localized environ

ment. 

The effect of the clearing operations on the vegetation is clearly 

high but at the same time it is very localized. Similar local but 

rather strong effects will modify certain conditions in the animal 
comnity (invertebrate, avian, and ummalian) in the barrier zone. 

.3.- Aplication of Residual Deposits of DDT Along the Edges of 

the Barrier: The 1 km barrier clearing will. not be wide enough to 
prevent all tsetse flies from i:igrating into the ranch. Theriftri, 

the barrier will be reinforced by the application of DDT to vegetation 
outside the perimeter of the barrier. Applications of 5% DDT will be 
made to the lower 3 meters of tree trunks greater than 25 cm.diameter 

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

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

be bi4monthly throughout the duration of the field experiment. The 
nuiam insecticidal barrier will be 300 meters, and each applicatlon 

will probably require about 90 to 100 kilograms of active ingradient. 
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 lbs. per
 

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

water limited to the sangazi 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 affect on nontarget 

Invertebrates, bird and mammals will be minimal. 
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4. Three Aerial Aplications of Endosulfan: Studies of the
 
.populationdensity of G. morsitans at the Hkwaja 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-li
secticide will be applied in droplets (35-45 u in diameters) that. float
 
and impinge upon resting and flying tsetse flies, but are not large
 
enough to leave a permanent toxic residue. Endosulfan will persist
 
at low levels in the treated areas. Each treatment will utilize 30 
grams./ha. of active ingredient, totalling about 600 kg of insecticide 
or 90 grams per hectare each (0.0825 lb per acre total for 3 applications). 
Five or six such applications at two to threeweek intervals are routinely
 
used to eradicate G. n. morsitans. Other studies.indicate that even with
 
5 or 6 applications, residues and the effect on non-target organisms are
 
miimal. 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 Hkwaja ranch applications, the
 
rivers 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 sumary table 
shown, the release of the sterile males would not affect any of the
 
environmental factors. It should be emphasized that the flies are not
 
radioactive, but they do have the capacity of transmitting disease as
 
vectors of trypanosomiasis. The release of the sterile males at the
 
rate of 3 to 6 per day per square kin, following the reduction of the
 
natural population by aerial applications of insecticide, avoids the
 
situation in which there would be more flies than were present in- the 
pretreatment population. The anticipated elimination of the target 
species from the environment should not be accompanied by an increase 
in .opulation of other Glossinas species since they are habitat-specifc. 
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 impact on the environment with the exception of 
uste accumulation which is dealt with by the septic tank and recycling 
of manure. 
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7. Socio-Economic Consideration: An analysis of the operational 
and economic 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 kwaja 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 
fly control measures and an average expenditure of $3.00 per head per 

year for maintenance of minimal disease control. Following the analysis
 
of the SIRM as part of an integrated tsetse fly eradication program,
 
it will be possible to compare the Mkwaja 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 operatioaso 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 terms of present state of knowledge of
 
therapeutic and curative treatments; (2) tsetse fly eradication requires
 
a large initial capital investment and continuing high cost maintenance;
 

and (3)ranching operations in the semi-arid regions of eastern Tanzania
 

must be well planned and well managed with respect to the carrying
 
capacity of the land and the available water resources.
 

IV. APPLICABILITY OF ME ASSESSH"NT
 

A. THE STERILE MALE INSECT METHOD (SIR!) 

The elements of the Tsetse Research Project which are relevant to
 

existing or future tsetse fly eradication projects may be suzmarized as
 
follows: Tsetse fly eradication schemes require extensive planning and
 
careful coordination of each phase of the operation. Of major significance
 
is the fact that fly populations become undetectable well before they are
 

actually eradicated. Due to the low reproductive capacity and the low
 

rate of increase of natural fly populations, many generations may elapse
 
before incipient populations are detccted by normal surveillance techniques.
 
The use of sterile males to consolidate and insure eradication in the
 
phase following the use of other techniques may be the most effective
 
approach under certain circumstances.
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The Project's research activities involve a vide variety 
of
 

specific information accrual perhaps more so than other 
types of
 

This is due to the fact that livestock are used
 control research. 

at the density of natural insect populations of 

the same
 
to regulate 

Thus, original data are required not only on fly 
production


species. 
 omn
 
raqiirmaants, sterilization effects and handling methods, but 

ale 

wide spectrum of population characteristics of the vild flies, e.g.a 
These data
 

density, longevity, dispersal, seasonal variation, etc. 

In'
 

are necessary to make optimum use of the released 
insects. 


addition, integration of the sterile insects with 
conventional methods
 

vill provide new perspectives on population dynamics that can be 
'useful 

of the biology, ecology, and in other programs. Thus, all aspects 


insecticide research will provide data and concepts 
ti at are directly
 

relevant to other tsetse fly eradication projects.
 

Population studies being conducted will be particularly important
 

as will studies on the effectiveness of insecticidal barriers 
used to
 

These significant

supplement natural or artificially created barriers. 


major bearing on most other
 -facets of control technology will have a 

The advances made on rearing and sterilization
 eradication projects. 

research will directly expand the.capabilities 

of African scientists
 

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

Field studies with laboratory reared flies will greatly 
enhance the
 

ecological and biological information currently 
available.
 

Conclusive proof that the sterile male technique 
is effective will
 

make available another tsetse fly eradication technique 
for futher
 

of other species of tsetse flies
 practical development. Mass rearing 

as developed fur G. m. moristans at the rearing 
laboratory, ill be
 

as related studies on artifical
 applicable to other species, as well 
An increased


rearing techniques being supported by Project funding. 


capability in rearing other species will increase 
the flexibility
 

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


Tho integration of the sterile male
 one important vector species. 

releases with control progras that might otherwise 
be only partially
 

effective may result in effective and efficier.t eradication of
 

species that would not have been attempted. The costs
 
target 

of using the sterile male technique in this research 

program may provide
 
eradication,

useful information for predicting the costs for integrated 

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


uhould consider incorporation of sterility techniques 
in the
 

scheme 
because of the potential economic savings and/orplanning stages 

Increases in the total area of land cleared with 
a fixed amount of
 

capital. For example, in addition to existing tsetse fly control
 

rojects, consideration is being given to field operational 
programs
 

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

3. hafia Island east of Dar ea Salaam; 4. the Handini
 West Lake area; 
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area near Masailand. Assuming successful completion of the SIRM trails. 
It-may be aticipated that the insectaries at Tanga right be expanded 
to provide sterile flies for new programs. Relevant to this point,-in_ 
1971;-i 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 disadvant-ages 
and their sumary 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 StEM 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 remain fixed. 

In areas where the SIM 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 contaistion 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 
low reproductive potential and low rate of increase per generation. 
Therefore fewer sterile males are required. The density of the vegetation 
in the environment, often a serious obstacle for the application of in
secticides, does not hinder the dispersion of the sterile insects. 

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

Where the control of tsetse is regarded by the authorities as 
necessary to game reserves or national parks, the use of the SIRM would 
miniize the detrimental side effects of control. Reduction of the wild 
tsetse population by other methods may be necessary before sterile 
males can be effectively used. The use of not more than two or three 
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applications of a nonperaistent insecticide is not likely to significantly 
contaminate the environment or damage the fauna except where rare endemic 
insects are present. Even in areas where the SIRM does not repr.esent an 
economical-gain over other tsetse suppi assion techniques, it may be the 
method of choice vheri disadvantages of chemical or other control methods 
muse be avoided. 

2. Disadvantages of the SIRK: The method is not practical nor is 
it designed to be used alone against high natural populations..: Prlor 
reduction with chemicals or other means is a prerequisite.. When used 
alone this method, unlike insecticides, does not imediately 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.
 

3. SEPARATE AN'D INTEGRATED APPROACHES TO TSETSE FLY ERADICATION 

Before chemical insecticides were developed, the two most couuonly 
practiced methods for controlling tsetse flies involved clearing woody 
vegetation on which the flies depend for shelter and eradicating game 
an4im;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 Xkwaja 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 is 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 species of the morsitans group and linearly 
tgainst 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 gras
 
growth to increase and to improve pasture (Ford, Nash and Welch, in
 
Mulligan, 1970). Discriminative or partial clearing involves the removal
 
of only those elements of vegetation essential for the survival of
 
Glossina. It has been extensively practiced against riverine G. palpalis
 
and C. tachinoides in West Africa (Nash 1969) and C. worsitans,-G.
 
swYnnertoni and C. pallidipes in East Africa.
 



-21

21. Came Destricution. Slaughter of game animales as a method of
 
tsetse control has been widely practiced in the past in Uganda and Rhodesia.
 
Even w en refined by removing only the favored host species (Cockbill
 
et al, 1969), the method is unacceptable today.
 

1. Insectec-idew. Treatment of tsetse-infested zones with insecti
cides is currently the most common method of eradication. Inecticidei 
are applied as persictent deposits of such compounds as DDT, dieldrin, 
or endosulfan (eitber 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. To. The Acute Oral/Dermal (ID50 in Rats) and the Acute
 
24 hour (LC50 in Fish) of 4 Pesticide/Herbicides is given below in Mg./Kgm.
 

Endosulfan DDT Dieldrin 2/4- D
 

Oral 43 .113 46 375
 
Dermal 130 2000 90 -

Fish* 2.7 7 14 100
 

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

Heavy depbsits of persistent pesticides can be applied discriminatively 
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 n single application even kills the flies which emerge fro= pup-1r:a 
in the soil during the weeks following the application. This .method is 
particularly applicable against species of Glcssins with linear distr±-. 
,butionsand has been widely practiced against G. fuscies in East Af.ica 
(Clover at a.1, 1960). The method is less practicable against those species, 
such as G. =orsitans, which often occur throughout wide tracts of country-
Such species can be attacked, however, when their distribution is re
stricted during periods of cliratic stress (Davies 1971). The most 
cmonly employed insecticides in ground-sprsy campaigns have been DDT 
and dieldrin. 

Presistent deposits can also be applied by helicopter. Applications
 
can be restricted to certain habitats but are less discriminative within
 
those habitats than are applicaticns from the ground. Extensive succesfD
ful operations, primarily against G. norpitans, have been perforned in
 
Nigeria. Dieldrin aumtlsion has been the most widely used insecticide,
 
but trialc have also been conducted u-ith endosulfan (Spielberger and
 
Abduratim, 1972; Spielberger at al, personal co-munication).
 

Observation made on the side effects of insecticides used in various 
tsetae control schemes indicate that applications of percistent deposits 
leave heavy local residues (Park et al, 1972, ci.tcs iniLial deposit of 
1-10 g active ingredient m2) that also affect other organisms, eapecially 
when applied over large areas. Koeman and his colleagues have studied 
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these side effects for many years. Koeman and Takken (1976) showed that
 

even -single applicrtion of residual dieldrin or endosulfan caused
 
uortality in many nontarget species. Helicopter application affected.
 

a wider range of bird species than discriminative groundspray application.
 

Certain species of the fringing forest birds are very vulnerable-and
 
disappeared from the treated area. Certain maal 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, amphibians, lizards and snakes.
 

In general, groundsprays are core discriminative and are therefore
 

less likely to cause irreversible damage than are helicopter applications.
 

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

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

is not feasible and a blanket cover is required. Since residual deposits
 

need to be relatively heavy in order to obtain adequate persistence, it
 

is not feasible to apply insecticide on this scale over the whole habitat
 

available to the fly. The development of methods for the sequential
 

application of nonresidual ultra low volume formulations of dieldrin
 
and endosulfan has been reviewed by Lee (1969) and Burnett (inMulligan,
 
1970). Concentrated solutions of insecticide in volatile oil are used,
 

which are dispersed as medium aerosols consisting mostly of 20 - 50u
 
drops. The insecticide must be highly toxic to the fly so that a single
 
drop will contain a lethal dose. Park et al (1972) used 30 gm of active
 
-ingrendient (a.i.) per hectare in each of five applications of endosulfan
 

and in Botswana as little as 6gm a.i.lha.,toeradicate G. morsitans in Zambia, 

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 applica&tin 
of endosulfan on nontarget organisms in Botswana. In contrast to the 
-effects of residual aerial applicatious, preliminary results with se
quential application suggest that there are unlikely to be any iuedlate 
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 eviden:e 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 
andosulfan; samples of fish and water are currently being ex-mined for 
insecticide residues. 

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

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

The-tsetse fly belt stretches across the middle of Africa.
 

Generally, it lies between latitude 12 degrees north and 20 degrees
 
solth. *Little of this vast area is utilized except for periodic live
stock grazing, much of which is nomadic. It has been estimated that
 
240 to 325 million hectares are presently utilized for livestock grazing
 
and that another 200 million hectares could be developed. Recent advances
 
in soil sciences and soil moisture management could expand these estimates.
 
Therefore, this tsetse fly belt looms importantly in the goal of in
creasing the food production of Africa - and, in fact, of the world.
 
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 Africa.
 

The mapping of soils by classes and capacity for supporting
 
agriculture or livestock production have been limited in Africa.
 
Techniques are being refined which can help, although progress will
 
depend upon building indigenous capabilities for soil classification
 
and analysis in each nation. Soil classification is necessary since
 
any development strategy for land utilization must reflect the use
 
potential and carrying capacity of the land. The details of land use
 
planning in each country naturally depend on pre-existing institutions
 
and policies. Each form of ranch system must be made economically viable 
and consistent with national goals on size, employment, and production.
 
Beyond the development of the farmland itself, improvements in roads,
 
markets processing and storage, worker incentives and education and
 
training opportunities are all integral parts of any successful program
 
of economic and social change. The tsetse fly is thus a major constraint,
 
but its eradication is only the first step toward making the tsetse fly
 
belt of Africa productive. Since animal 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_ 
eradication techniques which appear to be less hazardous to the envronu 
nent. The ranch also offers the opportunity to observe the integration
of tsetse fly control techniques with livestock and resource management. 
However, the production outputs of the .-waja ranch currently are less 
than satisfactory. Factors other than the tsetse fly which bear on the 
productivity of the ranch are the relatively low levels of forage pro

duction and its seasonal variation in nutritional value: rapid regenera
tion of bush; other animal diseases; and a calf breeding rate that is 
limited to about 50 percent per year. The death loss due to trypanosomiasis 
is low but the effective chemotherapeutic regime requires a substantial 
investment. Even in this relatively well managed case, the data 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.
 

i tsetse fly eradication is undertaken on a large operational 
scale, appreciable environmental rodifications will occur and must be 
weighed against the benefits, short term and long term, of increased 
food production and employment. It is inevitable that man and his 
domestic animal will replace wildlife on many areas and that the large 
game animals will be reduced in nuber. These anticipated modifications 
in the environment must be studied well in advance of any large scale
 
tsetse fly eradication programs.
 

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

In a similar study of African Pastoralists, Alan H. Jacobs (1965)
has described how preconceived views and prejudices about a pastoral 
society can impair the-development planner. For example, "The generaliza
tion that pastoralism implies an especially strong and characteristic 
resistknce 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 
W.1l have negligible detrimental 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
 
Rasearch Project is to test a new technique for the control C. m.
 
norsitans in an area where it will have no effect on the present use and 
occupation of the land. To this extent, the 435 sq. km of the Kkwaja 
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. 
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An assessment was made of the socio-economic impact of the research
 
project upon the ranch environment and the rearing laborktory environment 
-inTanga. 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 I km wide barrier clearing
 
around the test site to reduce fly immigration is being completed.wth
 
project funding. The replacement of the natural habitat with grassland
 
in the barrier zone will have a high level of impact on the plant and
 
animal communities, but the disturbance on the ecosystem will be
 
localized and the proper maintenance of grasslands may contribute to
 
a stable ecosystem,providing additional forage.
 

The herbicide, tordon 155, will be applied to the tree stumps in
 
the barrier zone. Since the applications will be restricted nnd 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 a strip 
along the perimeter of the barrier. This selective application will 
deposit about 545 kilograms of DDT on the test site. T.is represents 
an application level of 280 grams/hectare (0.25 lbs/acre) for the 
treated area. The localized effects of the DDT treatments on the soils 
and atmosphere will be minimal but the effect on the ecosystem will be 
high. However, the effects are limited to less than 8 percent of the 
total test area and within this area only 3 to 10 percer will be 
actually sprayed. 

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

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

V. CUIDLI:,TS FOR FUTURE ASSESS .',r 

The assessment tea= recom=endo that when an Initial examination 
of a proposed AID action identifies the need for an environmental 
assessment, it should be combined with the developnent of the work 
plan. This procedure will substantially reduce the coats and enable 
AID to consult with experts during the preliminary planning utage. 
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The team reco~ends 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 programs, the following specialists should be included-as
 
team members or as experts to be consulted by the chairman.
 

4. 	animal, production specialist; and/or epidemiologist (sleeping
 
sickness); and
 

5. behavioral scientist.
 

The ex-officio members of the team will include the mission project
 
officer and the 'ashington AID program manager. The organizational
 
arrangements and correspondence should be the reponsibility of the
 
Washington office of the AID program manager.
 

The host country representatives participating in the preliminary
 
planning of the proposed action should be invited to recotmmend the host
 
country specialist in tsetse fly control and a planning officer from
 
the relevant ministry as members of the assessment team.
 

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

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

The site-visit should be of a duration to allow the necensary data 
to be collected-one to two weeks. At the conclusion of the site visit, 
each team member should submit his report to colleagues and as a team 
prepare the draft report. The team noted that "when AID unilaterally 
considers that there is a reasonable risk of significant adverse effects 
on the environment fron an activity proposed to it for support, and 
when efforts to encourage the incorporation of appropriate safeguards are 
unsuccessful, AID reserves the prerrogative of declining to participate 
In the activity."
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The team has noted that international agencies, FAO and WHO, have
 
wmdertaken continent-wide assessment of long range programs for tsetse
fly eradication in Africa, including a two-year study whica will survey 
selected regions for an assessment of the socio-economic Importance: 
of trypanosomiasi and costs of alternative methods of control. The-
U.S. Government is a participant in the specialized agencies and. therefore.
 
the team does not see any need for AID to undertake the broad program 
assessments described in section 216.6 of the Rules and Regulations.
 
Attached to this report are the FAO/WHO studies to date.
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Table. 1..- Raiteall for Mkwaja Ranch during moist and dry periods togethfer 

with 21-year average (inam). 

Moist 
(1955-68) 
14 years 

Dry 
(1969-75) 

7 years 

All 
(1955-75) 
21 years 

January 77.2 39.6 64.6 

February 51.2 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 35.1 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 

December 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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Hap 1. - Isohyats for average precipitation, Mkwaja Ranch.
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Hap 2. - Generalized geological map, Hkwaja Ranch. 1/ 
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MB FILE 
Table 1. - Large !&.as,Birds, and Reptiles o the X. aja Ranch. 

LARGE %WDLALS 

ungulates Wart Hog 
?hacochoerus aethiovicus 

BUfialo, Cape * 
.vnceruscaffe- Prcda:ors 

Bushbuck Serv'.al * 
.Tratelaahus scrictus Leaoai!urus sarval 

Bush-pig Civit, A *ic=a~ 
?ota-ocherus por=-us Civaiccis civet..
 

Dic-Dic, irk's * Gan *
 
Pl.yncho:traus kirki Getta sp.
 

Duiker, Red Eyema, Spotted * 
Cephaloohus natalus Crocuta crocuta 

Duiker, Blue * Leopard *
 
Ceohaloahus monicola Panthera pardus
 

Elephant, African * Lion *
 
Loxodonta africana Panthers leo
 

Giraffe, Masa * Wild Do%, Cape hunting * 
Giraffa cazelaoardalis tippelskirichi Lycaon pictus 

Heartbeasc, Coke's * Other MHa.als
 
-- Alcelaphus buselachus cokei
 

Ant Bear * 
lpwpoteuus Oryctaroous afar
 

Hippopot-aus a=ohibius Baboon
 
Paplo anubis
 

Kudu-, Greater 
Tratelaphus strepsiceros Bat, Fruit & others 

Ptaropidae 
laedbuck, Bohor 

Radunca redunca Bush Baby * 
Cala~os ep. 

Sable Antelope * 
Hippocragus niger tra, Crawshay's
 

Leooridae 
Waterbuck 

Kobus ellipsipr-nus Monkey, Colobus * 
Colobus volvkomos 

http:Serv'.al
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Table 1 (continued) 

Other iiaals 

Monkey, Vervet Eagle, Sea (Osprey) * 
Cercootihecus aethions pviervthrus Pandion haliaetus
 

Mn Green (Blua) Egret, Cattle
 
Cercnithecus aethions sbaeus 
 Bubulc..s ibis
 

?angoi.in, Gian: * 
 Francoi-, Coqui

Z'.a.is zisen:ea ?ncclir.us cocui 

Rat, Ca-M * 
 Guinea Fowl, Crested
Thrvonocvs swinde.ianus Gu::tara pucherani .-

Rat, ".or';ay Hammerkop
Ractus norve.ieus Scopus umberta
 

Shrew, Elephant * 
 Heron, Goliath * 
Elevhantulus rufescens 
 Ardea toliath
 

Baron, Gray
BRDS 
 Ardee cineree
 

Bustard, Laser * Hornbill, Ground & others 
Ardeotis ':ri Bucorvus leadbeateri
 

Crow, Pied Ibis, Hadada
 
Corvus albus 
 Hagedashia hazedash .-


Cormoranc, Longtailed Keatrel, Greater
 
Phalacrocora afric=-_ 
 Falco ruoicoloides
 

Eagle, African Fish Kite, African Black
 
Cuncuza vocifer Mi.vus migrans 

Eagle, Dateheur *Stok, Ppan-bill*Teraho ue
caua:'.Anastoz-_s lamelligerus--
Tarathopius ecaudatus- ... 
 -AnSto,'pn-il
 

Eagle, Crowned Hawk * 
 Stork, Uite * 
Stephanoaeruu coronarus 
 Ciconia ciconia
 

Eagle, Long-crested ?Awk 
 Stork, Maribou 
Lopoaetus occipitalis 
 Leptoptilov crumeniferus
 

Eagle, Tawmay 
 Stork, Saddlebill
 
Aquila rapax 
 Ephipiorhvnchus senegalensis
 

http:ncclir.us
http:angoi.in
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APPENDIX 3
 

Table 1 (continued) 

Stork, Spoonbill Snake, Puff Adder * 
Platalea alba Bitis a..._sarttsane 

Snake, Rocl, Python * 
__ AMPHtB_-:S ANID RETZ S Pvthon sebae 

C:ocodile* Toad 
C-ccod-!us nilo:.i us Bufo sp. 

Frog 
Rana sp. 

L :a., '":o tor 

a;a-.-us .ilo-.ious 

Snake, 3oomslang * 
Disphol.ius typhus 

Snake, Eauded Cobra
 

Snake, Mocambique Spitting Cobra * 
Nat mossambica 

Snake, Green Momba * 

Dendroas.is auzusticeus 

Snake, Black Momba * 
Dendroasois po1vievis 

A Asterisk !ollowiing a species indicates the animil occurs or is 

seasonally present on the test site but was not observed during 

the field inventory. 

http:Dendroas.is
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"O. 1 c=w, Roadside sane census and estimated biomass along 373 km of 
bush crack on the Kkvaja Ranch, Republic of Tanzania. 

Species 	 Number Estimated Damas 
(lbs/ac) (kg/ha) 

laboon 28 0.28 0.31
 
lashbuck 4 15
... .17 
Dulker, Radback '1 .006 .007 
Nare, C-avsha7's 1 .0006 .0007 
Uppopocamus 21 15.0 17.0 
Kudu, Greater 25 2.4 2.7 
Monkey, Vervet 49 .22 .25 
MAckay, 3lue 1 .002 .002 
Wart hog 1.09 2.1 2.4 
Uaterbuck 45 3.3 3.7 

Subcotal 	 23.5 26.5
 

Corzorant, La=;tailad 3 0.003 0.003
 
Eagle, Tawney 2 .002 .002 
Eagle, African Fish 2 .003 .003 3 
Egret, Cattle 158 .076 ..09 U 
Jrancollin 5 .001 .001 0 
Guine Yowl, Crested 104 .1 .1 
kinaerkop 2 .001 .001 
Baron, Grey 2 .004 .004 
Nornbil1., Ground 1 .002 .002 
Dbis, Hadada 7 .001 .001 
Kstrel 1 .00001 .00001 
rit, African 5 .001 .001 
Stork, Maribou 5 .03 .03 
Stork, Saddleb .1 6 .02 .02 
Stark, Spoonbill 2 .005 .006 
Vulture, Whitsback 2 .003 .003 
Vulture, unclassified 34 .04 .04 

Subtotal 	 0.297 0.307 (A 

0)RI TIME 


Lizard, Monitor 1 .002 .002
 
Sake, lanuded Cobra 1 .0002 .0002
 

0.0022 .0022
 

Total 	 23.8 26.8
 

./ 	Asupton: the can v:Lsibili.7 of 25 k= on e±:her side of 
roads and tracks traversed was used co establishhe rea basi'r. 
for biamas eccucaticons; body we.&hts ver astintcd u3--; 
available data (Ledger, 1953, 1964, 1968). 

si hovin !=2/ Scmtilic *==as of animsare M;sd: 



APPENDIX C 

Literature Review of Plant Coimunities 

World Ecosystem have been variously identified and are continually 

being refined. One appropriate international treatment put forth by
 

Ellenberg and Mueller-Dombois (1967) and slightly modified by UNESCO
 

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

acco.panying map show this East African coastal belt in the "Tropical
 

Ecosystem Complex" which falls .into b classes; the one under study
 

being the "Savannah, Scrub-woodland Complex."
 

In a general classification scheme for world vegetation, 'Fosberg
 

(1961) working with the Incernational Biological Program (Peterken 1967,
 

tBP Handbook 4) has suggested this test site falls into a Formation Class
 

of closed vegetation in tall Savannah graminoids of more than 1 meter
 

with a closed canopy. Further, his description identifies the evergreen
 

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

phyllous evergreen sclerophyll of the type found in various palm 

savannahs in Africa and Tropical America. 

Broadly speaking, W.hite's vegetation map of Africa (Greenway 1973) 

shows this assessment area to be completely within the East African Low

land Evergreen Bushland typ.e. It is bounded on the west by both the 

i. Broad Leafed Wooded Grassland and the 2) Thorn (Acacia) Wooded Grass

land and Semi-desert vegetation of the inland plain. According to Greenvay, 

the test site area is technically classified as Wooded Grasslands (main 

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

vegetation patterns fall neatly into his Coastal Evergreen Bushland 

counity. His description continued: 
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"A conspicuous feature of this vegetation is the palms of
 

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

latter In,small groups which are widely scattered through the
 

grassland.
 

The palms may only be Borassus or Hyphaene, sometimes both
 

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

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

Coastal Evergreen Bushlands."
 

Pratt et al. (1966) have produced a 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 

Hkwaja 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 fyparrhania 

dominates the grassland." 

Only one known ecological land usq 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 

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

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

(busLland or scrubland) to be 50% aerial overstory coverage. Considering
 

the effects of overstory cover depression on understory herbage produc

tion, forage availability, and other features of land use such as range

land reclaimation by fire or mechanical means, the 50% cover-class thresh

old seems very acceptable. Both these researchers have also proposed a
 

10Z 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,
 

Greenvay 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
 

aong scientists working in East and Central Africa, i.e., single stezad
 

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

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

bush. The conventional distinction lietveen forest and woodland is 

whether or not the tree crowns are in cont.-,-.t with one another. 

In conclusion, based upon a review of plant classification schemes
 

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

preparation of the base map for the assessment area (Table 1). Lqr)
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L 
Plant Conmunities and Covar Types 

The dm ant vegetation feature of the eastern quarter of the ranch 

is a Doum Palm-high grass "savannah." Scattered Doum ?alm trees with a
 

Hvarrhenia tall-grass undersuory predominaces throughout. In this pre

dominatly grassland association, regeneration of young palms has become
 

a management problem. Also, to the sou:h and east, Acacia :zan:barica
 

has invaded in sufficien: density to class some areas in zhe mixed Bushed 

Grassland type. A false Acacia, Dichroszachvs cinerea, and cat Llav,
 

Harrisonia abyssinica, have also become troublesome invaders here. Izpor-.
 

tan high grasses are Hvparrhenia dissoluta, H. filivendula, H. ruta, and
 

Andronoion schirensis. heavy gra=ing converts this coposition to mid

.grasses, such as, Digitaria scelaru=, Bothrichloa alabra, Dactvloctenit-m 

aegyptlum, Erogrostis sunerba, and Cvnodon dactvlcn. Co==on trees beaide3 

Doum Palz that conri:ute the overstory of this Wooded Grassland, and 

opctad_ throughout other major Grasslands as wall. are Sclerocarya caffra, 

Ta=arindus indica, Terminalia spinosa, jqelia aethionum, Balanites op., and 

BoscIa sp. 

The mixed Wooded Grasslands/Bushed Grasslands of the central uplands 

arn the dom/nant co=uni:zes between the grouped tree forest islands. 

Cao n trees are the conspicuous Baobab, Adansonia dt£lta:a and Euptorbls 

candelabrtn, the everpresent DoLu Paln, Ityphaena rhebsica coriacea, and 

abundant Terminalia aninosa. X.Any Prees and shrubs found in the Grassland& 

of the eastern coastal strip above are alzo ca=mn in thts upland vegetation 

mosaic as vell. Other troes more co---on to the uplands are ctryclno op., 

Hantlkara sulcata. Br&c'1V5:ex'a Op.. Albe-'a 9p.. Co:hrs:uz up., falbrta 



sp., Diosvros sp., o up., Oldfieldia sp., and many others less 

prominant. 

Examples of bush and troublesome shrub species in the Bushed Grass-.. 

IndATh4elats are Acacia malifera, A. nilotica, A.. zanaibarica,l.andsaand lue 

XCcp±ihor.a africans, Terminalia spinusa, and Brachystegia sp.
 

Understory grasses of both Wooded and Bushed Grasslands are hae
 

Againx-xpeated frc= the ccas:tal strip; pri-arly, Hvarrhenia species
 

dominate. Other npecies, perhaps owing to Sieazer moisture or different 

grazing and burning patterns, include Pani:u= axi=un, Dizitaria scelarum, 

Haterooozcn contortus, Thcmeda triandera, Chloris sp., Sporobolus sp., 

and Aris:ida keniensis. 

Trees and shrubs rf !ieIsolated Evergreen Forest islands, bosldes
 

Olaa africana, Warburgia stuhlmannit,soma of those mntioned above, include 

Aft !ia cuanzensis, Acokanthera sp., and Ficus op. In these forest islands 

are many creepers and liana type species, such as, Euphorbia sp., Smilex
 

sp., and Texainus sp. Although the forear floor ie usually devoid of
 

herbaceous plants, occasionAa Sansevieria sp. and other succulentc do
 

nornally continuous canopy let sufficiantoccur. Where breaks in the 

UIght down through to the pink sandy litter-covered forest floor, PanicuM 

naxim= is :h dc=inan: grass. Apart fro= licnas and creepers on trees 

chat surrou.d the sharp "orea: edgt actone, a,;haragu c-... is the only. 

other conspicuous vegetative fULure. There appears to be little if any 

concentric vegetative strAtification vithin these forest islands. 

The Riverine forest along the Hisangazi River also has a closed canopy 

coastal riparian habitats. Thesecondition with very tall trees ccxzon to 


gallery type forests are .ostl" con.finsd to :e ezdisao s:reaside
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position which provides sufficient moisture to maintain call 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 400-7 in
 

the widest places. 

The flood plain has a simple flora; vigorous Hyparrhenia grasses

dominate the landscape. Local invasions of Acacia zanzibarica and K.- paolii 

have diminished 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 aize production 

as a source of food for the ranch labor force. The high maize production 

and tall Hyparrhenia grassez attest to the good fertility of the darker 

flood plain soils. 

Tributaries that drain the uplands emerge onto the flood plain from 

the valleys betwen the upland ridges; Riverine Forests stop abruptly 

and give way to tall Grassland drainage-ways near the valley headwaters. 

Perhaps this indicates insufficient moisture from the small sub-watershads. 

in pioviding sulficiant permanent year round moisture for tree growth. 

Furherback along the small watersheds, into the central uplands, a 

conspicuously drier mixed forest rings the sharper breaks of the ridges 

and dra..age headwaters. JUst wh7 this condition is produced is not known. 

In all probabilitr7,.the cause is not associated with the phenomena produaing 

the forust islands scattered throughout the more level terrain 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 tires in the surrounding tall Vrass glades. 

Isolated Srouped-:ree-g-ass glades in other parts of East Africa are 
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are often a function of shallow pans which trap moisture, termite colonies,
 

or similar micxo-habitat situations related to soil moisture retention..
 

Thu whole of the ranch is covered with subterranean termites 

Odontoteams. 9p. except for the broad flood plain of the Nsanax4 gvur. 

Th"e lo. 30-40. = -dark brown to black hardened vent mounds stand out in 

sharp. contrast to the surrounding light brown sandy surface soil. -No 

avidence. oL termite zounding was apparent within the more heavily forested 

or wsoded areas. Termite mounds were equally conspicuous in the grazed fly 

barrier clearings. 

Forbs have not been mentioned in the comunity descriptions but this 

is not to diminish their importance in the total flora though they are a 

relatively -inor biomass component relative to trees, bush and grass. No 

unique comunity relationships seemed to be associated with the forb 

complemnt. However, several naturally occurring legumenous forae species 

are common along the western coastal strip. Cocnm are Stylosanthes 

fruiticosa and GIycene javenica. Some low shrubs and semi-woody forb

also occur_ genrally throughout the r=ch. Examples are Cordia sp., 

Boscia sp., Croton up., Grewia sp., Cassia up., and Euclea sp. Afie_ 

old Mango trees and an occasional cashew-nut tree can be seen which wuld 

indicate so= former occupation of isolated tracts of land within the. 

site. 

Several -usual plant co unities were found throughout the ranch; 

Same of the larger poorly drained depressions contained aquatic grass

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

are encountered in waterlogged sites on the esangazi flood plain. Certain 

reservoirs have rush-like species surrounding them near waters edge. 
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Some ponds and stock tanks contain floating lilies and "swamp lettus" or 

"Pistia." Several kilometers beyond the point where the Msangazi River 

"croses.'the-northwest-ranch boundary, mangrove swamps be;in and axtend for 

sevej& uoe -. ilometers to the Indian Ocean. The estuary here :is . c-. 

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

./
 



PLANT LIST 

TREES AND SHRBS 

Acaia athkbaa Mimutops op. 

.Aaia uslifera Oldtioldia op.-

Acacia nilotics, Olga africana _______ 

Acci PaoliS. Selerocairva caffra-

AcacisL zanzibarica uclap. - ___ 

Acokanthera sp. Srtrychnos sp. 

Adansonia digitata Ta~arizidus indica 

Afzelia cuno-i Terminalis spinosa ___ ____ 

Belanites up. Teisminus op. 

Boressus sp. Warburgia stuhblma=xi 

BIcia op. 

Brachvystatia up. GRASSES AND GRASSLIKE 

Caba ump. Andropo gon schirena is 

,;&hr africans Aristida kanimnsis ___ 

Diborti up. Bothrichloa slabra 

Dichrostachys cinerea Chioris up.______ 

Ewori cAmde1.abrum Cyperus____ 

-Hariane !kZIsiD.1S Digitaria sce.1Arum ___ 

ZZphafDS. thbaE.&i#. cori1sca Erograstis superba 

IEls iaiopu tlyparrhonia dissoluta 

MaflaksLI IMsulat Hyparrhanis f~ilpandula 
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PLANT LIST
 

Hyparrhenia rufa ____ 

Sporobolus sp. 

Theada triaudara 

FORBS 

Boscia sp. 

cassia op. 

Croton sp. 

Eucisa sp. 

Glcn lavanica 

Grawia sp. 

Sanseviaria sp. 

Stylosanthes fruiticosa 

_____ 

______ ___ 
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APPENDIX .C
 

table 1.- KEY TO PHYSIOGNOMIC COVER TYPES - MKWAJA RANCH
 

Forest - Trees or single stemmed shrubs greater than 5 m tall with
 

100% crown cover
 

Woodland - Trees or single stemmed shrubs greater than 5 m tall with
 

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

Bushland) 
Thicket ) - multi-stemmed 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 10% - 50% 

Bushed Grassland - multi-stemmed shrubs lass than 5 m call having 

crown coverage between 10% - 50% 

Grasslands - areas dominated by graninoids having less than 10% 

shrub or tree crown cover 

Complexes: Wooded grassland and Bushed grassland may occur in com

bination but coverage may not exceed 50% 

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

ith any of the classifications above.
 

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

potential and Tsetse fly habitat
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rLI PROJECT REVIEW CO.,ITTEEREPORT OF TSETSE 
Tan!a-!--.a1a, Tanzania, Janucrv 24-25. 1977
 

the use of sterile males of Glossina.
 The-research program on 

morsitan- is now concluding Phase II, the devciopment of fly production 

Since the last review,

methods and preparation of a field test site. 


the project has completed its building activities, 
demonstrated the
 

capabilit.7 for re~.ring scfficieut flies for a release 
operation and
 

initiated popula:ion analvses and field studies.pursuant 
to initiating 

during the latter part of calendar year 1977. 
the ?hcse Il1; a field trial 

Th3 current status of the program is adequately described in tho 

working papers presented by the research team staff for the Rev-Iv 

Coi tee (Appendin 2). Follon'ing a thorough review of this material, 

clo3e inspection of the facilities at Tanga, and a visit to the field 

site, the Coittce reco=-ends the irplemantation of Phase IIIi The 

Committao debated the remaining requirements and the operational planning 

for ?base II. A brief suuary of the agreed procedures follows: 

Fly rearing and host ninal nroduction at Tanga 

cax-mum
The fly colony is being increased so that itwill reach the 

level of 45,000 females and 15,000 =ales somatima from June to Septeuber. 

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

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

of production. Depending on the reproduction characteristics of the 

between 800 and 1,200 males will be available forcolony a: that time, 



daily release. These m=bers 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 11 Tanga colony strains will be field-tested .to 

determine if they-have similar survival and dispersal characterists 

and, if so, the less productive Internal I colony will be disbanded. 

'Recent genetic studies have shown that the Tanga strains are similar 

to the IfLwaja strain; therefore, no further attempts will be made to 

incorporate the Makaja strain into the rearing program. However, 

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

and field and laboratory tests ('.Ikwaja and Scibersdorf) will be conducted 

to assess its viability 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 IAFA Seiberdorf laboratory. This strain, currently 

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

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

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

maintained exclusively on preserved horsabLood using membrane feeding 

techniques, and has a sowhat lower man pupal weight than animal-fed 

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

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

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

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

f6
1 
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a second back-up colony (5,000 females) at Langford is underinitiating 

are it may be .possibleconsideration. Ten sufficient numbers available 

to test flies of the back-up colonies in the field. Cytogenetic studies 

-willbe conducted at Langford to .determine the similarity between the 

back-up colonies and the parent Tanga stocks. 

Because of the presence and importance of G. nallidives at Xkwaja 

Ranch, an attempt will be made to establish .a colony of this species 

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

In anticipation of a future increase for release purposes after the
 

control of G. morsitars has been achieved.
 

Approximately 550 goats and 110 rabbits will be required for maximu
 

fly production. These numbers include provision for reserve and sick
 

animals. It is anticipated that adequate numbers of both hosts will be 

on band by March 1977. The rabbits will be utilized in one or more
 

Insectaries as hosts for the stud males. Female flies will be fed on 

goats routinely, but the presence of rabbits provides an alternate host 

for some of them if required. To prevent disruption in the availability 

of these hosts, continued emphasis vill be placed on daily veterinary 

surveillance, provision of adequate insecticide-free foods, controll.d. 

herd management and breeding techniques. In addition, goat barn 

the goat quarters in Insectariesmodification will be undertaken to upgrade 


I & I to that of Insectary III.
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_ndlin, Transoort and Sterilization
 

Studies at Tanga have confirmed the suitability of irradiating 

pupae-in a nitrogen-atmosphere. Further work is scheduled to determine 

aethods of pupal storage to obtain optimum numbers of viable sterile 

for colonymales for release, and at the same time conserve females 

purposes. 

The current concept includes allowing the bulk of the females to 

emerge at Tanga, then cooling the remaining pupae (=obtly males) for
 

transport to ,2waja Ranch, where they will be irradiated and released 

prior to cdult emergence. Testing will include an assessment of 

stockpiling male pupae to reduce the number of trips required between 

Tanga and Nkwaja. 

Barrier YethodoJ.o.v zrd F17 security at Mkaia 

Insecticidal Barrier: 

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

June. The barrier will be reinforced along the outside perinter vith 

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

4 Inches in diameter and on the undersides of the lower branches.- Based 

the width of a dialdrin barrier required.on available information regarding 


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

300m. 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 
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and Vioassays will be conducted to assess the degredation of the residue.
 

Several techniques should be utilized to determine barrier
 

effectiveness and it must be recognized that failure to detect fly 

movement across the barrier will not necessarily demonstrate that ±t has 

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

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

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

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

marked and transported to the outside of the insecticide treated barrier 

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

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

less intensive basis. Several bait animal capture stations will be 

established ilong the inside perimeter of the barrier and manned during 

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

electric grid trapping vill 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 chelically analyzed for insecticidal 

content. 

If the 300m insecticidal barrier is not cuccessful, the vidth'Vill 

be increased and the testing repeated. In the eventthat the barrier is 

still not completely effective, a maximum barrier of 1 km will be 

evaluated; if thin treatment is sufficiently effective, the releases 

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

suppression.
 

To encourage an adequate assessment of the release of sterile
 

males, evaluations will be conducted in both the outer perimeter of the
 

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

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

of i=migrant flies and thus Judge more accurately the efficiency of
 

the released males.
 

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 assessment at l.-wala Ranch 

Flyround activity will be continued throughout the pre-release, 

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

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

as will 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 vorsitans and pallidipes males an well as apparent density 



estimates.and male:female ratio; During the actual release program
 

the irradiated males w1lll 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 reproduction malfunctLon will be observed by dissection
 

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

Secondly, if feasible, captured
made concurrently in the control area. 


females will be maintained for reproductive assessment in the laboratory. 

Additional population characteristics will be monitored including 

analyses of blood meals with both pallidipes and moristans and the
 

susceptibility of morsitans to toxnphane
•residues on treated cattle.
 

An assessment of trypanoso.e transmission will be made by conducting 

or contracting work on infection rates in both species of fly, random
 

hard, and obtaining such informationsampling of up to 10% of the cattle 


on infection rates among wild animals as is practical.
 

Fly releases will be continued for a minimum of 6 months following 

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


effective) and surveillance will continue for an additional 6 monthn
 

If the barrier is completely effective, the continuation of release
 

for such a prolonged period may not be required. 



Population suppression at Mkwala
 

the population density of 
Based on preliminary estimates of 

be
 
0. morsitans at Mkwaja Rach, 3 ULV insecticide 

applications wil 


required. It is estimated that if 90% control is achieved 
with each 

to 4 times 
application, it will be possible to release daily 2 timds 

of wild males that will be emergingthan the numbermore sterile males 

from pupae. spraying will be conducted in the release area with minimal 

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


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

allication. 


the application will be applied with the Cessna 
185 aircraft currently
 

for the aircraft will be 
based at Arusha. Additional equipment 


the work

comercial operations contracted to perform

procured from the 

the applicationw-il be obtained to oversee
and an experienced consultant 

The current estimate calls for the interapray 
interval to be
 

program. 


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

at a minimum and
 
between September and December, when the foliage is 

prior to the foliage flush that normally preceeds 
the rains.
 

The effectiveness of each application will be 
monitored by standard
 

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


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

by bioassay at selected sites. 
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Release Seouence at ntvaja 

Following the first aerial spray application sterile males may 

be released in areas of maximum fly density to obtain some level-of
 

These
reproductive control on the subsequent females emerges. 


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

that time they should have exerted some effect. Similar releases 

may be conducted after the second application. Following the third 

application the releases will extend throughout the entire release
 

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

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

This should cause an2-4 sterile males to each wild male at that time. 


izediate 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 through the release zone, in order to obtain the maximum
 

rate of population decline.
 

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

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

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

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

small containers under a layer of inert material containing flourescent
 

power. The containers will be distributed to soma 2507300 selected 



release sites along the existing flyrounds and in the barrier zone. 

The actual schedule of releases and distances between release sites 

will be determined following upcoming field evaluations of the 

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

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

monitor the effectiveness of the release insects. 

Completion of Programme: 

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 prepared for a critical 

evaluation by the Review Co=ittee, and subsequently by other interested 

parties and organizations. At that time finl preparations should be 

undertaken to renew the progra~e for such large scale operation as will 

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

operation discussed by the cornittee include Mkaja(pallidipes), Zanzibar 

(G. autteni), Y'-fi Island, the West Lake Project and the Handini area. 

XKonnerupfDavid Dame:vdw 2/18/77 
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Third Draft Report on Insecticides ant AD-alication Equipment for Tsetse Contr.ol 

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

Thia R.-t has been reparod by the Centre for Overseas Post Research 
the
(COP1H) jr. iscordanco with the terms of reference set out below at 


rejuest -X the FAO/Industry Task ?orce on Tsetse Control.
 

The CMX, in cooperation with the FAQ Hoadquarter3 Animal Health Officer 

(Trypanosrcmiasis Control), the W;IO Division of Vector Biology and Control, 
companiesintereated national and international instizutions and pri-vate 


interested in tsete control, will:
 

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

the various control techniques. 
PrnvtAe technical documents describing the requirements of-
ine clicide formulations and application equipment.
 

- PreWpae a coordinated research programme aimed at improving
 
the technology of tnetes control.
 

- Submit a report to the next meeting of the FAD/Industry Task
 
Force on Tsetse Control.
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REPORT OF TSETSE FLY PROJECT REVIEW COMMITTEE 
Tanga & .kwaja, Tanzania, January 24-28, 1977 

Th, research program to develop the sterile male technique for Glossina 
morsitans is now concluding Phase II, the development of fly production
methods and preparation of a field test site. Since the October, 1975 
review the project has completed its building activities, demonstrated 
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 inspection
of the facilities at Tanga, and a visit to the field site, the Committee now 
recommends the implementation of Phase III. 

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

FLY REIING AID HOST ANIMAL PRODUCTION AT TA GA 

The fly colony is being increased so that it will reach the maximum 
level of 45,000 females and 15,000 males sometime from June to 
September. When this is achieved approxinatel, 35-45, ot the females 
and 25p 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 time, between 800 and 1,200 
sterile males per day will be available for release. This will provide 
a daily release rate of 8-16 sterile malen 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 
determine if they have similar survival and dispersal characteristics 
and, if so, the less productive Internal II colony will be terminated. 
Recent genetic studies h,%ve shown that the Tanga strains are similar 
to the Mkvaja strain; therefore, no further attempts will be made to 
incorporate the kWvaja s~rain into the rearing program. However, 
propagation of the mutant marker strain (now 1,200 strong) will continue 
and field and laboratory tests ('1kwaJa and Seibersdorf) will be 
conducted to assess its viability and competitiveness.
 

To provide replacement stocks in the event of a dinanter in one of 
the insectaries, a back-up colonX o1 the Internal I strain is being 
maintained at the IA.EA Seibersdorf laborator. This strain, currently 
3,5W strong, vill be increased to , emles prior to initiation 
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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 a somewhat lower mean pupal weight than 
animal-fed flies (28 mg vs 30 rig, respectively). However, 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 
fecumdity 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 G. pallidipes at .AwaJa 
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 program with the sterile male technique 
against this species after G. morsitans has been eradicated. 

Approximately 550 goats and l4 rabbits will be required for maximum 
fly production. These nurtbers 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 male tsetse flies. Female flies will be fed 
on goats routinely, but the presence of rabbits provides an alternate 
host for some of them if required. To prevent disruption in the 
availability of these hosts, continued emphasis will be placed on 
daily veterinary surveillance, provision of adequate insecticide
free foods, and controlled herd management and breeding schemes. In 
addition, modifications will be undertaken to upgrade the goat 
quarters in Insectaries I & II. 

HAHIING, TPXISPORT AND STERILIZATION 

Studies at Tanga have confirmed the suitability of irradiating pupae 
in a nitrogen atmsphere. Further work is scheduled to determine 
methods of pupal storage to obtain optimum numbers of viable sterile 
males for release, while at the same tine 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 IwaJa Ranch, where they will be irradiated 
and Nleased prior to adult emergence. Testing will include an assess
ment of stockpiling male pupae to reduce the number of trips required 
between Tanga and ?kvaja. 
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BARRIER METHODOLOGY AND FLY SECURITY AT M1KWAJA 

Insecticidal Barrier. The 1 km wide cleared barrier will be completed
between -arch and June. The barrier will be reinforced along the out
side perimeter with residual applications of 55 DDT on the lower 
10 ft. of trees greater than 4 inches in diameter and on the undersides 
of the lower branches. Based on available information regarding the
 
vidth of a dieldrin barrier required in Tanzania EAnd 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 ihould 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 marked 
in the course of normal flyround activity, and additional flies will 
be captured, im.rked and transported to the outside of the insecticide 
treated barrier for release. Several bait-animal capture stations 
will be established along the inside perieter of the barrier and 
manned 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 m insecticidal barrier is not successful, the width will 
be increased and the testing rep#tated. In the event that the barrier 
Is still not completely effecti-e, a maximum barrier of 1 km will be 
evaluated; if this treatment is sufficiently effective, the releases 
will be conducted using a 1 km barrier. The full insecticide barrier 
will be completed at least 6 weeks before the initial population 
suppression. 

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



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 initial suppression 
of the fly population. 

POPULATION AND FERTILITY ASSESSMENT AT MEWAJA RANCH 

Fly round activity will be continued throughout the pre-release, 
release, and post-release periods, although the total weekly flyround 
uctivity may be reduced. In addition, bait stations will be established 
as will 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 wild 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 feasible, captured 
females will be maintained for reproductive assessment in the laboratory. 
Additional characteristics of tsetse flies at Mkwaja will be monitored 
including analyses (in England) of blood 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 fly and in the cattle herd, and 
obtaining such information as is ptactical on infection rates among 
wild animals. 

Fly releases will be continued for a minimum of 6 months following 
the last capture of a sterile wild female (if the barrier is completely 
effective) and surveillance will continue for an additional 6 months. 
If the barrier iU not completely effective, the continuation of releases 
for such a prolonged period may not be required. 

POPULATION SUPPRESSION AT .4KWAJA 

Based on preliminary estimates of the population density of wrsitan. 
at ?kv Ja Ranch, 3 ULV insecticide applications will be required. It 
is estimated that if 90% control is achieved with each application, it 
will be possible to release daily 2x-4x more sterile males than the 
number of wild males that will be emerging from pupae. Spraying 
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will 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 Cesrna 185 aircraft currently based at Arusha. 
Additional equipment for the aircraft will be proc'r-ed from the commercia 
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 September and 
December, when the foliage is at a minimum 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 bioassay at selected sites. 

RELEASE SEQUENCE AT )IWAJA 

Following the first aerial 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. Similar releases 
may be conducted after the second al.plication. 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 uignificantly
reduce the size of the subsequent generation. Releases will be 
continued at the maximum rate possible, with due consideration for 
irregular density distribution throughout the release zone, in order 
to obtain the maximum 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 .kwaJa Ranch to take maximum advantage of the stimulated 
emergence caused by irradiation. The irradiated pupae will be 
packed in small containers under a layer of inert material containing
fluorescent powder. The containers will be distributed to 250some 
300 pre-selected release sites along the existing flyrounds and in 
the barrier zone. The actual schedule of releases and distances 
between release sites will be det:!r.7ned following upcoming field 
evaluations of the released flies. In addition to the fluorescent 
powder mae on the released flies, a mutant marker strain may be 
utilized to help monitor the effectiveness of the release innects. 
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0MPULETION 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 Committee, 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 
Mkvuja Ranch (G. pallidipes), Zanzibar (G. austeni), Mafl Island, the 
West Lake Project area, 1landeni, 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 
an the research accomplishments, data, analyses, and conclusions. 

1t
 



PAR. J. R IEW OF INSECTICIDES AND APPLICAION EQUIPMENT FOR TSETSE CONTROL
 

Background
 

1. When DOT became available in 1943 the East African Tests@ Research 

Organisation 	soon shoved in the laboratory that tarsal contact with a spraye 

few seconds could be lethal to tsetse flies (15), but subsequentsurface for a 

field trials with treated oxen an bait animals were not successful because thea 

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

be re-sprayed at too frequent intervals (8,107). Meanwhile, also in i9J5 in 

East Africa, the Colonial Insecticides Research Unit (the forerunner of the 

Tropical Pesticides Research Institute) showed that deposits of DDT and MC on 

liesee were lethal to tsete flies after a short contact, and demonstrated in 

field trials on islands in Lake Victnria that single ground applications to a 

very small proportion of the vegetation reduced fly counts by 50-80% for 1-2 

weeks (95). Repeated applications to maintain a toxic deposit for longer than 

a pupal period 	were necessary for a greater and more permanent reduction (108, 

109). Dieldrin 	was first tasted in 1955 (18) and soon replaced DDT in residual 

-rnyAs on vegetation in Kenya (4CD. Residual treatments of vegetation from 

ground spraying equipment were begun in West Afric- in 1953. Since these early 

oporattons until the present time DDT and dieldrin have continued to be almost 

exclinively the innecticides used for residual treatments of vegetation in ground 

ni ry "pratians. The only real changes have been in techniques to improve 

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

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

2. Applications of insecticides from aircraft for teetne control have been 

made since 1947 and the first successful scheme was carried out with DDT and BHC 

in South Africa where mir-nsepy operations with both fixed-wing aircraft and 

helicopters were combined with other control measures over a period of years to 

eradicate . yelltdte' (101). A programe of research on serial spraying for
 
( r.ra. 6 )
 

tsete sentrel beo.n .n Ini R/Vt the Tropical Pesticides Research Institute (TPRV 

ill. 17. "9. 3. 49. SO, 51. S2. 53. 54. 55. 56, 68), Ofid thisl has ben the 
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formza of af r5R mig teoiques employed in Zabia (ma. 68) and 

.Botswana (para.- 0. ) today, mur ara.mmug te Yrst insectlcdes used, wore 

replaced by dieldrin and more recently by endnoulfan at rates as low as 6g in 

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

-the application of a residual insecticide toovegetation fro a helicopter (91), 

Rei stance 

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

ground and from the air have been limited to DDT, BHC, dielerin and
 

endosulfmn. These are all organochlorine compounds. Where insecticides belonging
 

to this class have been used to control other insect vectors and crop pests. 

resistance to them has frequently developed quite quickly and become a serious 

problem. Resistance to insecticides intmetee flies has not been reported yet. 

Zone tests in N. Niger'a in 1968 .indicated that the susceptibility of a ;oplation 

of G. mlualis to DD~and dieldrin had remained fairly stable over a period of 4 

yekrs,/but no systematic monitoring prorae to detect resistance has been carried 

out inWest or East Africa and there isno reason to expect that itwould not 

develop sooner or later ifpopulatiou are put under greater insecticidal pressure. 

4. Restrictions have been put on the use of orgunoohlorins inseteioides 

in mw ocuntries because of persistence in the environent and undesirable 

stri effects on non-target orgima, and these oompounds may become less .readily. 

awmlable armaoceptable for toets. control. Destrwtion of birds and wildlifs 

iomediately after teete 'ontrol operations with org6ohlori..no insCeiioide have 

bem rooorded (41, 659, 67). There was a general decline "in the prominence of 

oertma insectivorous birds a year after a single application of 4ieldrin in 

igeri#, b.. must of the species affected then recovered to pro-spray density (66), 

and maitoring in Ugada showed that the spray progames were not lesing dangercum 

dome of dieldrin in the soil or vegetation. An ecological &sessme t after erial 

epp3ieaftoe or aulnmfm in Zubia showed no lasting averse effect on the 
(o
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so far 	produced
MAd simila operations in Botbwma ha 

insect fauna, 
The various studies to date 

or fishiOn people, ottleffsctno adreso 
 ' 
single 	heaier dose of iuse.at*ido -to, 

a 
indoste that residual pra97i of 

"a likely to'have Gn
vegtation is 
.sleoted sad restricted part of tho 

nisms than is secuntial aerial spraying.iulaot 	on non-4a=99- orga

Search for now compounds.
 

1rmecticides that 4ould replace 
the organochlorine
 

5. 	 A 873tematic search for 


compounds in tsetse rnntrol operations when necessaZ7 
was begun at the TPRI,
 

Evalua
15) and has oCtinued at COPR as &part of the WHO 

rusha, 	 (9, 10, 12, 14, 

have also bees tested 
of the candidate insectioids 

tion Programe (43, 46). Som 


the Nigerian -nstitute br frypalnosoxis Roseazch (87).

reomntly at 

of the 	toxicity of oreanophosphorus 
compounds to
 

6. 	 In laboratorY bioassay 


by topical applications in solution, 
none is found to be appreciably 

more
 
tots* 


and dieldrin ad only a few are 
as effective as they are. 

toxic than endosulfal 


, OMS-1283, fenthion, chlorfeanvnp 
Os, dicrotophos
 

These include CHS-1825, CKS-150
4
 

end crotoryphoo, while phosuest, n led, dichl-vos, 
tetrachlweylnphos, bromophos,
 

active. GIS-1825, O4S-150I,
to 4 time a leas 

-odfenphos and fenitrothion are from 2 


nph e bromophos and jodfenphoa have the 
advantage of low
 

o
GKS-1283, tetrach-ory 

er too 	volatile.Naled and dichlorovamamalian toxicity. 


Propoxur and bendiocarb, .the*oat 
active of the N-sethyl carbonate tested,
 

7. 

are similar to or slightly 

and two di-methyl carbamates pyrolan and 
dietilan, 


and dieldrin.
toxic than endosulfenlese 

number 	of syr.thetic 
8. Tsetse are susceptible to natural prethrin 

(10) and to a 


pyrethroids including reemethrin and its 
constituent isomers bioresmethrin and
 

= 156 	and mDC 161 (6). ,RDC 161 
143), IRDC 149,
cimsthrin, perwethrin (I: 


Reaethrin
times a effective as dieldrin to G. Aun is outstanding and i ICs1 
-n inthat it isunstable on erposure to licht, but hP.vresembles natural pyreth

ri
light stable and in-7olatile Knd at preseT

and NRCD 161 "nporiret)ri for tsetse control,, although 
no residual insecotl'de 

the greatest' potential nuitrble for sequential loy rate applications - ..or. 
some.pyrethroids r 	 toxicity to fish, 
residual sprays beoWa'of their 

hi 
then for single dose 

geoptability of di.1ient specie. 
L 
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As early an 1947 a 4-fold difference
 another important factor in field operations. 


in susceptibility to DDT was found among 12 species and 
subspecies between the most
 

and the least susceptible G. brevipalpia, G. lonp,
pennis
 

--Ucrptibl-GCAie 

and G. f___ mir(105)* G. swynnertoni is more susceptible than G. moraitane 

-but G. , G. mornitanA, 0. Dplpalis 	 and G. londiualpil appear to be similar0ustev, 

87) althouat few ooPaziso- have 
in their tolerance to a number of compounds 	 ( 43, 


conditions.
same method under the samebeen made by the 

oan vary acording toto an insecticide
10. The susceptibility within a speolen 

sex and physiolrnicm1 condition either because there in a 
real difference in
 

the dose actually required to kill or because there is a difference 
in the dose
 

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

may be greater than that by a teneml fly bacause the ventral surface of the abdomen 

contact with the treated surface. sa well as the tarui ,nkea 

Teneral flies of either sex and old fed sales are generally equally
11o 


sumceptible to insecticides applied in solution by topical application 
(11,43).
 

All are more susceptible, however, than pr'evint females to the organochlorine
 

dieldrin and endosulfan (11,43,57), and4 to Q-fold increases in
insecticides DDT. 

field operations with
tolerance in old femalee have to be taken into account in 

these insecticides.
 

to date indicate only a small increase in tolerance in12. Laboratory tests 


old pregnant females to natural pyrethrins and a synthetic pyrethroid resmethrin,
 

increase in tolerance to the organophosphorus compounds fenthion- tatraehl m sa no 


' 4phs and bromophos, and the -carbamte propezur (11,43,87).
 

Field trials 

showing high toxicity to tsetse flies in laboratory13. Some of the compounds 


teats and referred to above have already been subjected to limited field trials.
 

Is 1966 is northern Tansania three aerial applications at 3-wek intervals of 

than 9M reduction in tetao populationsundiluted technical fenthion cnueed more 


no further tria:s have been reported (58).

in the 4 weeks after treatment, but 

1 . I 1967, six aerial -Aicatiamof 0.4% w/v solutio of natural pyrethrina s 
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butoxioe xerosene were mace a 	1-weeasynergined with 2% pipOronyl .npower 

intervals in Tanzania. Populations of G. Pallidipos were reduced by 95% after 

did not significantly reduwethree applications but erbsequemt applications 

fly numbers. It was conEidered that unfavourable meteorological conditions during 

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

the lack of effect, and further work wan recommended on the basis of the good 

results of the first applications (59). 	 Subsequent aerial applications of natural 

not give higb reductions of G, gwynnertoniprethrina-t -- highs,-oncentration 	did 

and G. rl .Idires populations (97,98) although two ground treatments reduced the 

aeri.al spray trials in Botswana inpopulation of G. awyrnertoni by 98% (96). In 


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


same dosages of the synthetic
population. In the previous year in Botswana the 

pyrethroid bioressethrin applied from the air JU 2% and 4% solutions in diesoline 

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

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

fenitrothion and tetrachlorvinphos for
Df cismethrin, brosophoo, jodfenphos, 


aerosol contact of the flying adults in the gallery forest, and of tetrachlorvinphos
 

limited the scope
mAd mtr.oxchlor for residual contact (24). Operational problems 


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

trials tophasisod the need for further studies of the penetration of spray drops
 

(60 sad an the resting behaviour ofinto the denae vegetation of gallery forests 


tetoo flies, partioulwly at n&Mt.
 

Formulationis
 

16. Residual spraying techniques employ DOT? and dieldrin an eculsions &n 

suspensions. The concentrates from which these are pr"epared are those normally
 

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

and mod for tsts* control is the dieldrin 15T oenlsion concentrate. This involves
 

80&/l *.a. which
a modification of the surfactant part of the standard dieldrin 1


allows the preparation of relatively concentrated emulsions containing up to
 

% setive !nzrediest without inverslon -if the phases. Otherwise formulations
 

which met the VNO speificatims (Spocifioations for Pesticides used in Public 

Neslth, 197) have been stiinatery. ( 
rates of Lioldrt emulsion"t. Aerial -," ': r,thes have ne 	high velms 
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(91) but aircraft normally distribute low or very low volumes of concentrated 

solutions of dieldrin, DX7 or endosulfan uith the intention of directly hitting 

the flies. The desired efficieicy and economy are obtained by usine insecticides 

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

•suitable choiseoe-of aircraft operation methods and meteorological conditions. 

An important factor controlling the droplet sizes in the aerosol as it reaches 

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

dissolve the insecticide and East Atrican experience has shown that this should 

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

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

aerosols than diesel o1 "which has a wider range of around 200 to 3500C-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 dilutinr a 35% emulsion con:ntrts to 20% with Shellsol 

AB. This solvent has a boiling range of 146 to 214 0C and a substantial proportioi 

of the spray volume ins pressned to be lost during the time It Is airborne especially 

an 	the solvent of the couortrate Is even more volatile. How5'ert at the time of this 
developmont ivrk the forul..tton had to be chosen fro. those uends for other appli
cations., Also, vlatility '#s neoesesaxePo allow suitalu.iroplet sts..to.be forwed 
by evaporation of ooarwer sprays produced by the available equipment. Las volatile 
solvents arc now being investigated (see paragroph ;8). Insecticides which are thessol 
liquid, such as fenitrothion and malathionp do not require formulation for applioatio
at ultre-low-ollm retes, hav not boon used against tsetse. 

18. There has been little avttpt during the last 20 year. to Improve 
formulations -for the insecticide application in toote" control. A good resmon
 
foc.hni i&.Lbw-deaLro for econovr.. ILt is cheaper to suploy concentrates which
 

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

locally available petroleum solvents then to transport specially prepared 

solutions ever log distance*. lowever, special formulations are being produced
by some chemical oompzes. 

and the ma of mre involatile materials is being studied / For sxarple, trials 

with dieldrin and lesulfan ia variea, solvents have been carried out in 

Nigeria and otswa. The Nieoria tests involved selective residual spraying 

of dieldrin to vegetation by helicopter at 800 gfha to approximately CS of 

the total area. lisasay of the residues are made with ceptured flies. In 

letewmea, five applieatieas of endsealfs are sprayed at 6 &/haper treatment, 

the am be ig to obtnn dir *r seatet f issetiside a the flies either as .(A 
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the wing or in their resting sites and changes t the natural fly population 

are measured. Both investigations auggest tnat the loss volatile solvents give 

the beat results although the reasons for the improvements are not clear because 

lover volatility influences both the persistence of insecticid* in the residues 

and the particle &ise distribution of the spray. The solvents used are essentially 

non-volatile, e.g. vegetable oils (cotton seed oil, arachis oil or rape seed oil.), 

Geno oll (2-ethylhex7lplthalate) and Dutrex 217 (an aromatic product from petroleum). 

These have been compared with diesel oil which i partly volatile and Shellsol AS 

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

or low-vo'atil1' solutions are centioned In reports only part of the solvents they 

contain can correctly be given this description. Extremely low volatility m.os 

high viecoaity and the soluticas therefore contain other core volatile solvents 

to reduce v~scoiity to a eprayablo leve. and, in some instances, to ensure that 

the active lnrredient remains in solution during storage. 

r:GUND APr..ICJ.TICJI r u:Pxir' 

19. Arynne with access only to the published records of ground spraying against
 

titase would hcve difficulty i discovering just how the insecticides are applied.
 

This I& beinr romedied to aove extent by the publication of sore information on 

pc'icide 4.7;:Ication equip-er.t a good deal of which has relevance to tete 

ContrOl. U,; and the Overseas 'praying uachinery Centre (MC. ) ;n collaboratic vWith 

other MI ooLestifio ailts tLroL the Kinetr7 of Overemas Dovelopmont Matural Iteome 

Advisor* Coordinatln Comaltlee (0vY.RACC) 5ulo-Conlttee on Pesticide Application 

Overseas (IiG; helps in the pror'.olon and co-ordInatIon of pesticide application 

rooeakrc. q.d oveop4nlt In relati3n to the dorands of overseas countries. 

Asoweeoent of opraying machlrery iS oni r resear h at C11wC (79) and U11y of 

the teste carried out are based upon recc-'rndationa by 141C (30, 112). 

20. ;prayirx equiroeit in wsed to d!e*oitnate pestilides as liquids in the form 

of equeous, aapeonlonsi O, e.u.*.'on &A soljtlona. :t to not possible to list &11 

the equl;,er.t In current use or which Is ovea.1abe, but the appant-4* mentioned 

blool has been used in major eontrol ep*e.stlorsI e.g. aerosol dispensers are 

A44 ag fly ple'te,, .:. uiAshlaei although ecplooyed asthe early days have 
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now declined ln use whereas a variety of hydraulio energ ad sueoua eneri
 

oquiteont is seill in re.ul" service. 

Hdraulc one-ry equiment 

-NSP MASI*4 pkadvioed ly byftsallo muga tasslee; 

are three bastc pttern shajps / the falt fang the solid ome ad Ike21. There 

hollow cone. The limitations of the fan pa:tern for tesetse work are reflected
 

in the very f" occaai.n a on w.iich it ap;oars to have boon used. In a campaign
 
1
 

against C. Pulpalis (15). the as mT:r&7er was used fittes vith a lance
 

that gave a faj-anAapd Apray for treatr.dg the leave& and oteca of plants along
 

pasta. One difficult?.. u.hich &risee with these nozzles ia that the width o the
 

fan h& to be orientated In order to cover the ourface to be sprayed.
 

22. Cor.r-shaped sprrye ,re -rcluce. by r.ori.** hich consist essentially of
 

a awirl plate with d l. s or
a:i nolea wrl,'. produce a vortex in t.o flow of
 

1n*#ctjcid#. cowainr it to issue frcn the orifice in the form of a solid or hollow 

cone of spray deperd'rg on tt.e ;raenco or absence of a central hole in the core. 

Whether tie solid cone rozzle ,.a0 ever been ueed in tsets* control Is uncertain. 

23. .he hollow cCr.e Ariy n.oL1 is in gineral use and either a constant or 

variable spray vidth can be produced. For the former, the "tual dimenaloa are 

determined by the desigrn of the swirl core, the &Lie of the noatle dies orifice 

a4 the o"aratin'g pressure. The practical ,Imitations of the * L .0s Is that 

when aprayr 'r** trur.ae or irdividual brachee, the poation of .,*oaa)e, 

is relation to the ie.r* co boll sprayed, ouit be constantly adjusted to esure 

that a swathe of n aectictle of the requlred width is obtlmae4 (21). 

2'. Accurate ar theretrre earn wasteful application can be achieved b7 a 

siled operator using a spray lance (Caos.,.ies referred to as "gu n') emitting 

a coos of spray whose ehape ae be Itttr.ata .!duete4 to fit the width of the 

e*jeut bela treated. hta ca. Lo schtoved by alterind the le.gth of the
 

swirl £haAber. .re Angular viIth of the o*..,at a gives yVwaure is ltnversely
 

prop'rtlofaal to the ler.eath of the chamber betweenr t.e eir block aJ'1 tr~fit 

de. A.ternativey w-ntoe can be avoided y7 adlu t ng the diotaree between 

http:treatr.dg
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the nozzle and the target surfae but this may necessitate moving the nozzle 

more rapidly when close to the surface.
 

Spray lances.
 

Two types of spray lance are in general use. One has a shut-off valve in
 
25. 


the handle, for controlling the flow of insecticide 
and produces a constant or 

With the other, the 
variable cone, depending upon the type of nozzle fitted. 


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

lance.
 

Shut off valve models.
 

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

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

the nozzle assembly contains a swirl cone, an orifice disc 
and a screw retaining.
 

The shape of the cone produced, for a given pressure, i-o related to both cap. 


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

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

are produced by altering
of an adaptor. Variations in'the shape of the coe 


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

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

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

The CP 6012spray gun has been used in sme countries. This consists of 
27. 


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

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

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

Six 
model is available, a stainless steel nozzle Aic and a plastic nozzle cap. 

0.79 to 2.38

different orifice sizes are availabs, with diameters ranging from 

orifice is fitted. am., but in both Migeria and Uganda 4isc No. 12 with a 1.19 i 


. 
 This has a thumb trigger,
28. Also in this category is the Stoprex spray gun
 

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

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


.cwever similar to those of the CP601 but the Rex Variable
nestle asodbly are -


A.. n ------- wi atimmaZI U(1 QA. Unit@d Kindom. 
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~et are we,Uoeal' i of a iwamodei. 	 Variatiom in swirl ahbmr 

some stainles steel oriftee disc ad plastic
by rotating a collar to which the 

a those ued for hollow cones are fitted.mmns" cap 

Camtnl ro unels
 

are intended for use in situations 	where zrequeu
29. 	 Spray Sum of this type 

the width of the spray pattern we necessary, eg.
ad often rapid changes in 


the underside of branches at
 
when ti-eating the trunks of different trees and 

varying distances from the operator. As with the variable son. noszls described
 

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

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

t.e of this model whica has been extensively used in 
Spray Gun'o is one ox --


Uganda, but in no longe available.
 

cone shape is found in the
A somewhat different mechanism fer 	adjusting30. 

spray lances vhose use in Botsvana has been reported ( 3).
GunJet No 12 and No 14

6 


The essential difference between theme and the No. 700 is 
that changes in the
 

On rotating the handle the
 
swirl chamber are made by rotating 	the control rod. 

swirl chamber is progressively opened and spray is eitted, at first in the forn 

the come becomes progressivelycone. An this mevement is 	 continuedof a short broad 

looper and narrower until when a cooplete circle ham bean turned and the swirl
 

spray in emitted as a solid stream. T'h one

chamber is fuly open and the 


d emnions are related to oper-ting pressure and orifice alse and 
two types of
 

One is a stainles steel disc,

fitting may be used for producing 	hollow cones. 

intended for the higher rates of application, while for lower cutputs the disc
 

of which ten siao are available.
 can be replaced by a ConeJet spray 	tip , 

the spray. cone is adjusted 	by means of a trigger31. Another lance in which 

operated control rod has been used 	with a Plats vehicle mouted sprayer in Zambia 

output of each lance is controlled by the manual operation of the triggerThe 

-%d son be varied between a very fine cone spray and a sold Jet (37). The
 

about 4 lper minute with a 2cm dis orifice
inims output (from ae lanes) is 


am 2 18 per minute with a 1*5 = disc oril'1ce. The maximum throw is about 15g
 

Is still Geditiams.
 

5, rtiA. LL us Victor Hugo, 69 Sellville-gur-S ne (Rhone) France.
 

3315 %A, United 1ingfOom
Cooper 'nolar Limtctd, Argoso LU, Sussex, 


4~,7 9u*r.5.87a14.. Zo.# Sahmle lood Vaoea, Mliwis 60187, U.S.A.
 



rand 	operated machIneS 

In contrast to the extensive use made of had compreesion sprayers few32. 

orgmisations have adopted the lever-operated type, which re lighter but less 

pressure regulating device Is fitted, considerable variationsrobust. Unless a 

because of cuanges in lever operation, which is affected
in output rate can occur 

Operators have &I" found continuous pumping tiringmore
by operator fatigue. 


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

both hands freely to gain access to difficult places
that they are unable to use 

cne handlances when spraying the undersides of high branches. 
or to steady Io 

being required for 7umping. 

Pressure-retaining compression sprayers. 

e they maintain
has been made of these machines, boo

33. Extensive use 


pressure, and consequetly les effort is required to operate them tWhan non,
 

presoure retaining sprayers. The high operating pressure also reduces the
 

be rapidly charged by means
teodescy to blodcagee This type of sprayer can 


after the spray has been

of a detachable pump and maintains air pressure 


further pressure lose is prevented by a floating ball valve.

discharged; 


anti-tsetse operations, each using

Two 	 types of Colibri ae still used in 

type of charge pwp. The Leo-Colibri 9 Us its own detachable hand 
a different 

means of a large manual 
pump, wheres the Favori-Colibri 0 machines are charged by 

can can 	charge several sachines simultaneously. This 
or motorized pump which 

near tracks (29) or in close
be time saving especially where operators are working 

to each other, e.g. when treating narrow sones of riverine forest (64).
proximity 


feature of Colibri equipment
The 	detachable pump la another favourable 

reduces the weight and consequently operator fatigue, a matter of 
because it 


ia essential. In
operations where accuracysome Importance in highly selective 

UVunda, where the Leo-Coibri is still in service, each sprayer operator is 

of insecticide and a charge
accompanied by a porter carrying both a reserve supply 


anual
 
pump. In Nigeria, a group of sprayers are serviced by a single m,.le 

hand pump. The CeAbri has been usd also in the Central African
Favori-Colibri 

.1' ( 34 ) • 

8. 9 10 Vefmrel - Out of Predustiem. 
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.3. un-presure retaining sprayers have been widely mssed, often in preference to 

pressure retaining Payerso This has been due to their lewer cost, the non

availability Of suitable pressure retalin models and the need to stock fewer seare 

parts. 
(95) 

35. Some of the first insecticide trials in Ugand4 were carried out with a Kent , 
(38) 

brief service in Eas Vest (29,76) md sprayer. in the past this sprayer hat seen 

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

have bee in production for =any years, with naxnmu workin capacities of 4.5, 9 and 

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

fil2ed through a fairly sull opening in the cylinder, which can be closed with a plus. 

36. Another non-pressure retaining machine is the Warley12 , which is very similar to 

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

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

way, but its use in other countries in referred to by several authors (39,78,81). Like
 

the Keat, there are three sizes of Warley sprayers of similar working capacities.
 

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

be found. However, in both Uganda and, Nigeria, the CP2011"
 
alternative could not 

was then used, baed on a Glorial 4 machine with the eme nmber. As with all non

pressure retaining sprayers, the pump -tins in the machine while spraying is in 

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

the cylinder provided for this purpose and closed with a plug. -I its cemeercially 

available form the CP 201 was found to be =uch les comfortable to carry than the Leo-

Colibri. Its extra weight .was a factor but the low position of the upper ia as4el 

suppor band as near the top of the tank as its curvature allowed. The cemercial life 

of this sprayee was however short snd hy 1971 it had been replaced by the CP 14815. 

38. The tank of the 	CP 118 is of stainless steel and the gester resistance to 

serosie of this material may be an aseet, although with proper care the corrosion 

of brass task Is mgligilble. 

1i Tew Oaks Spralug sachine Ce Ltd. Four Oaks, Button Coldfield, Varwicks, UK. 

01 eclipse Sproyers Ltd. Rawlings .Road,Sethwick, Warley, Versa., Unite, Klingdon. 

14 Meri.-:rke M" 10, 4721 Vaderseh-i-Vestf., Vest Germany.
 

13@15 0009W fenler Undited, Xpe Sussex, =I, 91A, ftland.
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yhe tank (13.6 1 eApaity) provides greater tensile strengh and the thinner sheet 

How well these thinner walls stad up to themetal reduces its weight (7.4 kg). 

fnhs which inevitably occur wihen treating vegetation on a rugged terrain, remains 

does not haveto be seen. Unlike any of the machines referred to above, the CP 148 

a separate filling opening. Instead, the pop is removed and insecticide in poured 

in through that opening, with the aid of the fairly large plastic funnel. This ie 

firmly attached to the machine and is extended to surround and protest bath the 

pressure gauge and the safety valve. 

39. Other models with smaller 	tank cupacities which have boen use, in African 

had 12 1)17 and thecountries 0333$ ae the Xuratori (10)16, the Oclessi (10 
leudsos z port o which also proved satisfactor. 

40. 	 A choice of either diaphragm puzp or piston pump models such as the Coaosi 8 

utilised for sproying operations. There is oneis available and both have been 


published record of the latter type (10), thougt those models have been used in
 

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

which includes a paddle agitator, is of poysmid plastic.
 

41. In contrast to ot.er lever-operated machines, the Kestrel
19 (21), has a pump 

fitted to the outside of the tank. 

42. A very different nachine is the CP 90 which is now in service in Zambia and 

Uganda having replaced the Polyclair2
1 . The polypropylene plastic body has a working 

capacity of 18 1 and mounted underneath it is a pump which is basically of the dia

phrrm type but the upper diaphrog support has been so designed that it asat as a 

piston. The compression cylinder is not a separate comonent, but is moulded in
 

8one piece with the pump body.
 

Preseure regulators. 

Few authors refer to the working pressures used when spraying, and the figurespro4 43. 

§quoted are variable (73,8). i *o f ittin of a constant pressure device Is to be 

reomende4 an on/off tap to the outlet valve is necessary so that faults 

ere is the machine can be rectified without loss of spray liquid. Pressure regula

tors were once ueed extensively In Nigeria but were later dispensed with 

16 am usturer rzknowm 
17 71M FAUO0 C.UU lOpA, Rom Italy

A 1liR. isdeon K. . Co., 154 List Arts St., ChMp, Illiois, 011, A 

O 18 serthw 6') r,, Uoud-3.o, (hene), Trance. 

00 19 . Al2BJU &&4. Co Ltd.. Al~m Patents Lt. Sir-1hsi Rd. Chichester, Sussex 
P020 7?, IIated KingdoF, 114 
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becmue Spray deposit war noeo effectively caWreM visulny by the operatere. 

control valve is the dir flow regulatorA simple alternative to the zwessure 

which has been incorpoC-Aed in Some Sprayers. 

Motorised machines
 

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

operations along the Mulawa river on the Ugand&A/enya border in 1956 8 . This 

z.y and was capable of throwing a variable jet oftype of pump wan used fro.i a .

sprsy to a distance of 8 m. It is believed that the 70 model Spray guns were used 

in conjunction with the pump and more recent-7, the banks of the same river were 

Sprayed again from a beat. The insecticide was applied with •soilar guns but was 

supplied from a different type of motoatied Wprayer. This Sprayer consisted of 

a high-pressure dia . ga"pump, powered via a reduction gea by a 4 -stroke petrol 

engine. 'vo del-v-7 hoses were attached and an adjustable regulating valve gave 

10 to 30 kg/c2
a range of pressures from 

45. In Zambia the usd of powered pumps has been the standard practice since 

large-scale eradication caxpai q were implemented. The equipment employed was 

a Plats Spray unit mounted on Uniog - model 411 tractor. The unit consists of 

a 3-stage piston 7pp driven by a pto shaft. Iusecticide was supplied from an 

8M 1 tank mounted cn the vehicle aud was delivered through two hoses at a constant 

to a pair of lances. Th-4e were hald by two operatorspressure of 30 kg/cm2 

sitting on swivel seats at the back of the loadiag platfor, but i rough canditions 

they walk alongside the vehicle (2,36,37). - Mi type of equipment is, in comparison 

ikely to be relase dto smeal methods relatively expensive and wasteful (81) and, is 

by nAOk 8pr9er. 

Gnm^9,9 ener,-f yaui?.fment 

Neteried knapsack siatblowers. 

46. Tbhee are used inmot countries where toets* control is prctised. The 

model currently in use in Tanzania is the ho:oblo Super 7022 which closely
 

"
 reembl s the o o-Part 4, 23. Both are equipped with 70 ec two-stroke engines, 

iznewtietde +18*8 
2 M DgiNA4r1XC ,nd Foundry Ltd. Tovil, aidatose, Kent, United Kingdom 

23 ISole Kaetatmm C;=, 70 l aishingen bei Stuttgart, Peatfech 20,A.

101lo 
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otoblo sprayers have been used in Tanzania since the early 1960' (21). 

Both the 60 and 90 models were also in use in Nigeria at about the same time. 

The model 60 was preferred to the latter because it was lighter and easier to 

bandle. Further spraying operations with these machines have been described (77,95) 

bit they have since been replaced by the CP 404,0 h i s am out of oduotiOn. 

47. In spite of it. saaller and somewhat unreliable engine, the CP 4 0-proved 

to be a reasonably effective machine. The plastic insecticide teak has a capacity 

of 10 1 and in Nigeria it proved effective for spraying persistent insecticides 

in swamp forest (66). 

A nurber of modifications were made to the C P 40, the most important being 

the replacement of tho thin plast c air-hose with a fabric-coated rubber hece, 

due to the plastic hose being very prone to perforation by thorns. This resulted 

in appreciable air loss and a consequent decline in the spray penetration. 

48. Three RUN 772 machines were used in Uganda, and they have been employed 

rtmnilvely elseuero (67,100)o Xotorised knapsack mistblovers have also been 

eployed in Rhodesia (32, 90) but how long they have remned in servloe 

is met knowm. 

Centrifural enerv e.uient 

1.9. The only record of equipment of this type used 4i control operations (93) 

IE, centrifugal fan, 

by a 420 cc air-cooled 4-stroke engine. At the exit of the fan housing there 

Is anamrofoil section containing a propellor which, powered by the air flow4 

rotates a wire cage at speeds of up to 20,000 rpm. Insecticide is fed into this 

cage through a nozzle and is emitted " small droplets which are carried away in 

the air blast. 

refers to the 6 . Briefly this consists of a large powered 

50. Another type, the MIVA27 is a light-weight portable rotary atomiser. 

Insecticide is gravity fed to a nozzle in the centre of an atomizer consisting 

of two stacked corruratqd Pl. tic discs with serrated edges. Thee are rotated 

at rnplen e; op 'n r.:'; -.i y a small 7 watt electric motor, powered by a 12 
24 Ooeper Ngler Ltd.. Cooners 11.l, Sussex, RHI5 9LA, United Kin dou 

Mlj Movelwmlr Mld s MV, Wedeoijen-272C, Postbun 47, fommelweq 63# 
26 Meres Sprmlwm l1ted - Out of production. 
2 ter Xiipa~sr LOA,q Three Hills, Dremyard, Hersferdshire. United Kingdom 
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volt battery. bteansive use is being made of the ULVA in crop protection work 

in the tropics and in Nigeria it has been used to apily TLV formulations. 

Swde generators 

1, 4Mzme man male control operations were carried out with smoke generators
(20,47), 

pauAist -G. -.. al~is .-(G fuscires) in Ugandu but accurate dispersal of smoke -under 

varying weather conditions was difficult. Efforts have been made to overcome 

these problims but this terhuique has not been used extensively. 

Thermal foggers. 

52. Yield trials witt the Todd Inseoticidal Fog Applioator 28 (TYW), and 

Its we In the treatment of ezsll pooketa of tsetse have been reported (36, 

47, 94). he Swingfog 29 ha- also been used (22, 23, 31, 62), and larg 

vamions of this mablin mah as the 83 0030 are available for vehicle 

-'lakig. 

Aerosol di s-?=, 

3o A problen in any taetse control operation is the prevention of re-infestation 

and an esential aspect of protective measures is the deflying of traffic by 

piketas. Tsetse flies which are carried by pedestrians, cyclists and private care 

can be caught with nets but this method is impractical for dealinx with numerous 

flies which can be carried by a single lorry. 1n Uganda, small hand-operated 

-a5 zryeri are issued to pickets and both gaoeous and hydraulic energy model. have 

been tried. The former, which are invariably cheap, insubstantial and intended 

for hmeehold use, are uneconomic because of their short working life and inefficient 

begause of the wide variation of droplet sizes produced. 

Goed quality hydraulic energy models such as the 218031 are orae satisfactory. 

'Acos we intended for indoor use, but could be used in garage-type buildings 

eessted at read pickets where lorries are treated. 

,A tifa Lnited, Cook Lubbock House, Waterside, Maindanne, Kent,United Xingdom 

29,30 Jaydsl Baglaerlag Co Ltd. Beacon House, 28 Verple Rd, London SW19 1EE. 

3IinBmet 1. Lill Ltd, eta Works, Fitswilliam Street, Sheffield, United Kingdom 
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Selection of eoiau-ent 

spraying machines utilied in taetse eradication54. The diversity of types of 

work is largely attributable to the diversity of habitat "occupied, not just by 

the Senu as a whole but by individual species. Ground spraying techniques have 

glob bon de#e1opl2 more or ls" independently inthe countries-where centrol is 

Practi ad in a variety of ecological circ atnces. Consequently a variety of 

local factors have influenced the choice of equipment. The selection of machines 

is related to their spraying efficiency, cost, ease of handling, mechanical 

reliability, naintenancoe and availability of spares. Although tastee control 

carry out trials with differen. insecticides or for.lationa thereorganisationm 


israrely any mention of comparative trials of different spraying machines.
 

Similar savanna woodland habitats of G. morsitans have been Zreared with55. 


spray guns and pressure retaining compression sprayers inUganda and by motorised 

inUganda, persistent insecticides have beenknapsack mistblowers inTanzania. 


700 spray gun. When treating
successfully applied intsetse reating sites with a 


savanna voodlanA and forest communities where the undergrowth is not too dense
 

to pae on foot, or where access c.uld 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 most practical.. A pressure control valve 

isfitted to ensure even emission and this in suitable for spraying trucks up 

to 3.5 . in height from a distance of 4 m. A much greater reach is often 

necesary when treating G. funcinex ir.eeted vegetation from a boat. In such 

circumstances, a compression sprayer is inadequate but a s=all portable, engine 

driven, a:.gh preiure dia;h.-aZm pump is used. With a motorised pump it isalso 

possible to use an insecticide container with a much larger capacity than a 

compressiom, sprayer, and this reduces refilling time to a minimum. 

56, When dealing with thicketed or swamp forest habitats, access lanes are a 

eootly item. Cets can be reduced by using suitable spray jets or mteried 

isitblowers which give better penetration in these situations. 



AEWIAL APPLICATION EQUIPMENT
 

Rackorround 

57. The use of insecticides has for some time been the accepted and main 

method 	of controlling tastse flies and this is likely to remain so in the 

Recidunl treatments of persistent insecticides (e.g. DIroreeenble future. 

and dieldrin) have been used both selectively and discriminatively by ground 

spraying methods. However, airspraying techniques have developed appreciably 

over the last few years, certainly to an extent where the use of aircraft to. 

apply insecticides in anrt-teetas operations has progressed beyond the exo-.ri

mental s:ge. As far as the future ia ccncerned, it seems likely that oemphasis 

will be placed on the ue of aircraft in many areas which are infested with flies 

and it seems probable thit any large scale control programmes will contain a 

significantly large aerr l input. 

58. The principle reaon for the ch.oice of aircraft is the relative ease with 

which large scale operations can be carried out in conparison to spraying from 

the ground and also fever trained a:aff required. Aircraft are able to apply 

spray to tsetse habitato which are inaccessible from the ground and this either 

takes the form of placi,:- the residual deposits in specific sites or by spmce 

likely to produce
spraying a wide area. Aerial applications of insecticides are 


more general environaental contaain tion than ground spraying, except that such
 

lower doeage rates er used, and therefore it is essential to incorporate ambient
 

pesticide monitorinC 	 in any operatlonal airspraying prorramne. (par&. 4 )0 

59. Application techr.iques by fixed wing aircraft and helicopters have now
 

reachod the stare of develnTment such that suitable equipnent is available to meet
 

mort tsetse control requirements. Many large scale programmes to control tsetse 

flies are now based on aerial application of insecticides and although they often 

involve a high financial corAitment serial spraying may be less expensive than 

term. of unit area covered, depending on the insecticide selectedground spraying in 


and the amount of ground per unit area. This is partly accounted for by the need
 

for fewer personnel and lena logistic support in serial operations than ground
 

,;r.'in, en) ti.ir rt,,. At=Plifies the operational planning. lowevr, there are oftes 

dlfftImItios in meoWt;-. aira7'a7o o.-t4ovr besause of the oeasiy to servie and 
to adhewe striatly -to a schedule74$1a~ so;hasti@.tool. sti;Atl I3 ri jts &:-tAa4 

at MOME6ia 1 1;;L Iw;,Ia 

mailto:so;hasti@.tool
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The development of nirnnravinp techniques
 

60. Research on application of insecticides from aircraft for zoetse control
 

has progressed by two distinct and different methodi. These methods are here 

referred to an "non-residual treatments" and "residual treatments", Although the 

use ofr ircraft in aW'iculture 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 airnpraying about 8 years. 

Non-residual treat.ents rely on sequential applications of very small
 

droplets of a relatively concentrated insecticide, dispersed widely in savanna
 

woodland areas with the obective of applying spray droplets which will come into
 

contact with tsetse flies either in flight or in their resting sites (45). This
 

method has been used extensively in Eastern, Central and Southern Africa. Residual 

spraying treatments fro= aircraft have been developed as an extension to the 

traditional ground tec.inioques and adzpted to aerial spraying of persistent 

inwecticides to specific targets where tsetse are known to rest. These have been 

particularly suited to tsetse control in riverine vegetation, ecotones and 

drainage lines in Vest African conditions, especially where the tsetse habita. 

is restricted during the dry senson. 

Non-residual spraying techniques.
 

61. Aerial o"rationn to control tsetse fly began shortly after the second
 

world war in South Africa, where Arson aircraft were fitted with extension tubes
 

attached to their exhaust stubs. These devices were used to apply % solutions 

of DDT (m0) to fly infeuted regiorn of Zululand. At about the same time in. 

East Africa, work cemnced on experinental progranne oi aerial spraying to stm4y 

methods of controlling tsetse fly (pars 2). Work was carried out on an 

experimental basis and involved studies of insecticide formulations and spraying 

teamiqueo with support inp physiochomical and biological assessments. Early 

experiments were c rri-H cut with war service aircraft fitted with crude devices 

e.g. open pipes and thermal exhaust units which were used for the production of 

fine sprays and coarse aorozo2,s (52,53,#54). 

62 .riala wore ir.qf:ectivo in achievinE control of fly but research continued 

t..roughgut the years in Improving epplication techniques, cpray dispersal equipmt 



and insecticide formulations. Eventually improved fly control was achieved,
 

but only at high costs ( 56 ). The dvelopment of an improved
 

thermal exhaust device fitted to a Cessna 182 aircraft which was capable of
 

r"ouceig -good aeroeol -haracterietica (7Q wa used to apply dieldrin and is9bensaa 

(1J?-wieh gave very satisfactory control of tsetse flies at reduced coot.* Ia 

1964, edosulfan was introduced for the first time and thin experiment was sbov 

to roduce coasts appreciably (51). 

63. These experiments pioreered the use of aircraft for the control of tsetse 

flies by non-reeidual spka methods and laid down the foundation of techniquas 

which have developed over the last few years in Central and Southern Africa. In 

1967, an airepray expariment was carried out to control tsetse fly in SW BarotaelaM 

and this subsequently led to the comoencement of A large scale spraying operation 

which was carried out the following year and covered an area of 1600 ka2 (81). 

The techniques have been further refined in Botawana in 1973 where a twin-engine 

Piper AMte,. aircraft fitted with a airgle Micronair unit has been ussd to control 

fly in the Ckavango Delta (61, 71) 

Raesidual spraying techniques. 

64. Trials were carried out in Kenya (4 . Z using an experimental formulation 

of dieldrin applied by helicopter (Bell 470) and fixed-wing aircraft (Piper 

Pnwnee 235) to control C. r,llidipen. The insecticide was formulated as an 

invert emulsion and was applied from a Bi'- rlom 2 device. Spraying by helicopter 

proved to be prohibitive becauae of the high operational cost but trials were 

*eentinued 	using a fixad-wing aircraft. The insecticide applied by this method 

was shwr. to pen,:rate the canop7 and produce toxic deposits in the underatorey 

thicket. A apraying technique was developed which consisted of aplyinG a swath 

at intervals of 54s across the thicket and this proved to be effective in 

controlling fly for at least 8 months. 

65. In West Africa, D7,7, dieldrin aLnd HC as euulsion concentrate formulations
 

have been applied primarAly to clear riverSint vegetation of G. tachirolde. (9).
 

Two applicationa at th.ree weekly intervals were made from a Dell Nelleopter
 

52 "e1 IZternation.l C'.c.:Ical Co .td., Loton, Zqlsad. 
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(I47.A 280 HP) fitted with boom and nozzle equipmenV These areas have remained
 

fly free for over 4 years. In 1971,.discrininative spraying of dieldrin to
 

vegetation usually arra-yed froc the Cround wa carried out in the Northern
 

Guinea Sw&wnnn 7Tan (NMC--Z) of Nigeria (91). The area sorayed connisted of
 

-riverine veostation. Ieoberlinia woodland and ecotonee around hills and in .the
 

.1, (7A)- 2M; Ai.ldrin ECl was annlied at the rate of 1. to 2.0 k./ha
4n A 

azd, with isolated exceptions where fly pockets were missed, these areas have
 

recained fly free for over 3 years. Durine 1972 spraying trials in the ::c'.Z,
 

a helicopter fitted with booo and no:zle equipment was successful in controlling
 

C. ?rarstrana for several months using ULV formulations at 0.5 kZ/ha and 1.5 kyjha
 

;
 
of dieldrin and endonulfan respectively. Subsequently trials using eight Ulva.

electrically operated ro:tary atcaieere mounted on the boom of the helicopter 

inlcatod that fly was cnn:rolled and exterminated at 0.64 Kg/ha and 0.6 kg/ha with 

ULY formaatloas of d.iel.Ln and endosu .n respectively to abowt 1C* of the infested 

aeia (25).
 

!reiit-ent for non-res'dual ,insecticide treatments
 

Open pipe
 

66. The first trials carried out in East Africa employed an Avro-Anson XX
 

aircraft fitted with four spray tanks having a total capacity of about t) 1.
 

Spray liquid was emitted under gravity from two wide pipes whic:. oxtended about
 

35 cm below the fuselage of the aircraft. Liselon rate could be adjusted by
 

an Iris disphrag which was situated at the end of each pipe. Adjustmen:s
 

were cace b7 the pilot on the cockpit during the flight and spray atoaiantton
 

was acnieved by the action of the slip stream which broce up the jet of liquid
 

into spray droplets a it was emitted from the pipe. It was not surprieing
 

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

the uAit was subsequently discontinued.
 

$3 Corenoon .1rcraft Co., box 264, Worthington, Minnesota, U.S.A. 

)4 Slmpleu Manufacturing Co., 5,2 North/rAst 42n Av., Portlard Oreon 97218, MS.A. 

35 P1cron Sprayers Ltd.. Three Mills, Ibr'yard, Ureferdshire, M'. Vfj 

http:d.iel.Ln
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Thermal Exhaust.
 

67. One of the first devices to be used for the production of aerosol droplets 

was fitted to an Avro-Anson X.X aircraft (42). The coarse aerosol was produced 

by allowing the solution to flow into a modified exhaust syste. The solution 

lowed throqh a narrow pipe 22m internal diameter and into the exhwet pipe
 

&t a distance of 50 ca from the centre line of the exhaust maifold. It then
 

passed down along the exhaust tubes 10 ca in diameter, and was finally eitted
 

ve.tically downwards Into the slip stre.s ab-ot 3 cc below the trailing edge
 

of the win~g. The i.s eI.1on wa based u;on a design used for slailar work
 

gainst tsetse flies in Zo.'h Africa.
 

68. In 1962, research was reopened to develop therma exhaust units for asrosol 

production to enable st'idlei to continua on aertal applications of insecticides 

for tatee control. A devlc w&aa developed for a Cosin 182 and this consisted 

of an nconol tube .n *ength an 74U. 6 n tn diameter which was secured4.7 ca 


to t.o exhaust etub of the aircroft (70,. The spray liquid wee fed into the 

exhiiuat extension throurh a setering .st located outside the exhaust systes.
 

Another device consisted of fitting exteraions to twin exhaust pi;es, the
 

extensions b*er4 Z eiahty curved stainless s relpipe. 5.1 cm is diane and 

approximately t1 ca In lan th. A 30 1 :;oronseVapr#T ter was flitt4 below 

tne fuselage of the aircraft ar~d the system Incorport ~J a 3-bladod fen-4rivea 
3'

Simplax centrifqual pump (2.'. ca). The flow or liquid was coctrolled by two 

disphr -u choc" valves" ect,fitted with a strainer and a IA'ortflce disc. The 

liquid the* flowed through * copper tubas 0.32 ca interral diameter to tha 

9W - Dorts of the ensl,n ptee. he point of entr7 Into the exteselca 

woe 20 cm below the mkLfo;., where te "eoereture w'o osetlsat4 to )be w OC 

Thermal exhaust unita are currently In use In Zooble with the parastetal 

Oemisalstlem 'Oura Air .rriceo' which E.a 3 Aeechraft *bar*'5tvifre.gig 

airgreft with lireseen eitsr ,al t&As et )40 I scspaity. 

ZL (O1O4', U.S.A.pryies Syesto Ceo. 1 a 4dph ltreet. Mee1'vod, 
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IDt"7 atomiseFr, (air driven). 

69. 4icronair has produced a number of rotary atonaers over the last- few
 

years and these atomiers have beeh used on a variety of aircraft' in humorous 

pest control operations throughout the world. The physical'ahAacteristics 

.of the spray emitted Crom the rotaryatom seri,"ire dctermined by the' liquid 

throughput and the speed of rotation but the droplet spectrum achieved in more 

uniform than hydraulic spray nozzles. The units.are driven by a 6-bladed
 

windmill, whosq blade anGle and therefore apqeq of rotation can be adjusted
 

between flights. icronair equipment is used mainly for the UL.applicalion
 

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 in1ibAete1-ipIied 

from small single-engined aircraft (69), provided that the insecticide solution 

in fairly volatile (pars. 18).,. The latest unit to,be manufactured in this 

series is the AU3000 Micronair rotary atomiser and this has reoently undergone
 

trial* in Botswana fitted to twin engined aircraft to control tstse fly. This
 

has a smaller diameter cage (12.7 cm) than previous mcdels and when fitted to a 

Piper Aztec spraying at a speed of 260 km/h gave droplets of approximately 

25-30u vad using insecticide solutions containing diesoline ano Shs._o_1 AB 

(71).
 

7V. In Tanzania, a Beale ilusky D5/180 single engined aircraft fitted with 

four nozzles has been uzed for tsetse control. The nozzles are located each 

lift atrut and wing tip, cnd nre fitted with DZ/25 orifices and et'rainers. The
 

total throughput in approximately 2.7 1/cin, the reported droplet size 

40-Wp and a swath width of 90m Is employed for a spraying speed of 175 k./k. A 

forowlatiou of endosulfan in oil i used at a nominal doeage rate of 12 lAn'. 

370 ),icrnair (Aerial) Limited, Debridge Fort, landown, Isle of Vight, UK9 
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In general these airpqray operations bay3 prcvd satisfactory but the very mal 

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 matamtic 

-navigation aid and therefore ground marking Is vital. Unsatisfactory marking 

has.led-to.arore in &evoralinstances and it in suggested that mitomtIo 

;nvigatiomal guidance systems would obviate many of these errors ( paras. 82). 

71. In recent years, other types of atomizing devices have been investigated
 

(84)0 but at present the rotary atomizer principle appears most suitable for
 

mon-residual insecticide application.
 

Enuilent for residual insecticidal treatmente 

Zi-Flon apparatus 

72. The Bi-Flon apparatua was designed speciically for the application of 

pesticides formulated as invert emulsions. Invert emulsions we produced when 

invert oils are mixed in water, the oil phase becomes continuous and the water 

phse dispersed. The greater ratio of water to oil, the mowe viscous the 

eamasion. The use of inverts was designed to develop drift free spraying but 

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

has now been discontinued. However, it is -orthwhile mentioning som experiments 

which were carried out to control G. pallidiMea and 0. brevipalvi in the Lambwo 

Valley, ornya, because it ay w*e have a bearing an future spray programmes 

.Usiag reaiduel insecticide formulations. Trials with a Bell 470 helicopter.; 

proved to. very-'effective in producing appreciable rea -.tiona in fly members 

but the tehaniqvo was too expensive and investigationms were not pursued further 

(TO). Trials were continued with fixed wing aircraft and efforts to cut the cost 

of reducing both insecticide and spraying tine wore successful. Studies were 

made to evaate the ef*eet of spraying at intervals of 34m and it was shown that 

at least 6 of the area would have to be sprayed to ashieve any satisfactory 

deooee of fly entre, ( 4). 
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73. Residual spraying has boon carried out in.West Africa where helicopters 

have been in use to apply persistent deposits from the air in the Sudan savanna 

m-na InNiger in 1969. An area mainly infested-with 0. tachinoide. in dense 

riverine forest were sprayed tito with mixtures of D?, dieldrin. and BC in, an 

egulsion concentrate using a Bell helicopter 470-4A fitted with boo. and nozzle 

equipment. In 1971, a trial covering 240 2 in .the IC'SZ in Riseria was carried 

out with the asme helicopter fitted with two spray tanks, zch of.100 1 capacity 

fixed to the right and left sides of the engine. A rotary pump which was belt

driven from the engine was enployed with 32 D3/25 r$izles at intervals of 50 cm.. 

Applications were made at speed& of 32-40 kwh spraying to within 1-2 m of the 

canopy and this gave an effective swath of about 20 a. In .arger brckrn areas 

of tsoberlinta woodland, swaths were sprayed at intervals of 200 m. Only about 

10% of the area was treated according to the discriminative ground spraying 

tochnique developed earlier for Ground spraying (7M. Dosage rates were reduced 

and techniques i proved, and this was achieved by using fewer nosse on the boom, 

thereby reducing the liquid throughput. In 1972. 12 of these nozzles wefe used 

-to 	apply a ULV formulation of enaosuizan 4- k vegetable oil. This ULV technioue 

enabled helicopter applications to be made awe efficiently in terms of 

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

Notary atomisers (electrically powered) 

74. Dring the period 1972-73, spraying techniques in Northern Niseria were 

further refined by employing modified Ulva atomizers and U of these units to a

;Jell 470 helicopter. Zlree wore fitted on each side of the boom and two behind 

the engine. Each atomizer was driven by a 24. volt motor and rotated at a speed 

of 9000 rpm. Liquid was carried from the boon through a restrictor to the 

atomisers and a eonst~nt flow was achieved. The system allowed for multiple and 

single operation of th* atomisers v.uring the flight and the spray techniques 

en'r.yod were similar to those ued in earlier trials. The helicopter flew at 

25-32 ka/h over dense riverino veretation and 1.0-47 km/h over open Imoherlinia
 

:r-r.y :.%.. 	 Intervals of4 wo ro i '..v ' o'emade at 	 200 m. 
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73. In 1973, an investigation was carried 3ut to study the penetration of 

spray droplets when applied from electrically operated-rotary atomisre litted 

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

was used for the trials and carried 2 tanks, each 100 1, fixed to right and left 

sides of -the ngine. The rotary pump, driven by a belt from the engine, supplied 

the-spray system with liquid. The system consisted of 8 electrically driven prot 

Ulva atomisers, which could be individually activated. These were attached at 

intervals of 0.5 s along a centre and two outer boom having a combined span-of. 

10.5 a. The 24V/6OW atomiser motors gave a nominal rotation speed of 9000 rpm
 

unloaded. Spray dropl, sizes depended on throughput and this could be altered
 

by changing the sine and number of the liquid feed nozales.
 

76. Experimenta have also been carried out to study the effectiveness of 

several ULV insecticides applied by helicopters to control G. ual)alis m.n-biensis 

and G. tachincides in the area of the WHO Onchocerciasis Control Programme in the 

Volta River Basin (24). The helicopter used was a Bel 470-4A, 305 HP with a
 

speed range of 2-80 kW/h and two rotary atomisers secured 6-8 a apart were used
 

to apply ULV insecticide formulations. Two types were used: I type produced
 

droplets between 20 and 30 i indiameter which were applied at a rate of 0.6 1/sin; 

the other type, which had large apertures, produced droplets of 80-100 g diameter
 

at 1.2 I/sin. The helicopter flw at a constant height about 2 a above the
 

canopy; but it was necensary for it to ake side turns to follow the bends in
 

the water course. The powerful air current propelled downwards and backwards 

by the rotor carried the insecticide, which assisted the penetration of spray 

into the vegetation at ground level. Inorder to avoid losses due to contbttion 

near the surface of the ground . UV applloations were ocaduted for about 

2 bews aftoer usme 

Zyvs of aircraft suitable for anti-tasts oeratione
 

77. Small single oeine fixed wing aircraft are of limited use in tsetse control 

operatioems except pe0iblyin the carrying out of experiments, where relatively 

small reansneed to be treated. Is most instances, aircraft below 25M kC 

s.! "!.m tnke-off.vo:.;,t %,...,v1 noL have the range or weight carrying capbility 

yeavie4 On.." Jui a.o,;f'e.j . It is probable that so single type of aireraft 
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.ea-e tostse control 	,--ranmes and especially if a,.I.ild be suitable for large 

range of different'tooeto habitats require treating. Large, flat areas can be 

satisfactorily sprayed with medium and possibly large multi-engined aircraft 

often found in Eastern Africa, are probably morewhile small mountainous areas, 


suitably treated by light-twin or medium-single ongined aircraft. Mountainous
 

areas, areas difficult of access and especially winding riverine habitats 
are 

treated more effectively by a light helicopter. 

control78. In general, the smaller types of fixed wing aircraft used in tsetse 

operations 	should have good pay load and range characteristics, be easy to control 

and have good short take-off and landing (STOL) characteristics.at low flying speeds 

In addition, they should allow the pilot good forward and downward visibility and
 

be corrosion proofed 	 agAnatthe effects of insecticide choicals. Tsetse control 

operations are often 	carried out in remote wooded areas where the opportunities 

for asking a safe emerer.cy landing (e.g. in the event of engine failure) are 

limited. For this reason, multi-engined aircraf should be used whenever
 

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

porformance at saximu take-off w"ight up to 2500 m density altitude. 

79. With helicopters important considerations are the forward and downward 

visibility for the pilot and the manoeuverability of the aircraft. The helicopter 

may be required to land in unprepared areas and a shielded tail rotor and high. 

lift skids are vesjable features. Any type of helicopter can be used in tsetse 

control operations although machines with a sximm take-off weight in excess
 

of 1500 kg will probably be prohibitively expensive to operate.
 

80. Despite rising prices which have recently affected all aspects of pest 

control throughout the world, airepraying costs for tsetse control have actually 

decreased since techniques were first leveloped. This is attributed to a number 

or thinp but primarlny, spraYrtn equipment design0 better insecticides and 

-'ved application techniques have all played a major role in reducing costs. 

Improvements in dispersal oquipsent have resulted in more efficient spray 

atonisoaie which, as a conseq'once, has helped develop application techniquesc. 

,2a0 

http:emerer.cy
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Aircraft utilisation has increased as a result of extending swathe widths and 

hirh sprAying speeds. Coats have aloo been reduced because of bettor pesticides
 

w,.ch have been discovered and formulated as concenLrotes in aromatic oils 

containing.higher-percentages of active ingredient than was possible when field

trials were initiated. 

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

by the employment 4f additional pilots over a i day working week, or by fiting

high powered--Ilgfts in the nose and on the wings of the aircraft which akes it 

possible to fly at night. ?ypioal work output data have been derived for variou 

types of aircraft which are or may be used in tsetse control progasmes (83). 

Navigation aids
 

82. No ground markers are needed for helicopters in West Africa when treating 

tsetse in areas such as clearly visible drainage lines and veogtation inter

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

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

time e.g. smoke fires, flags, balloons, cark* bands, signal flares or lights. 

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

spray runog wider maths wit niht flying has made the development of more sopkitiosted 

navigational aids desirable. Several types of airborne guidance systems are 

under investigation-

- One system is based on an airborne phase measuring device which easures the 

phase difference between the radio emissions from two or more ground stations 

(106)..The. equipment.n essentially a refinement of the Decca Navigation aircraft 

guidance system and has the disadvantage that ground transmitting stations are 

required, sited at accurately mapped locations. Although easily portable ground 

atrit io"s are now available, these may be difficult to site correctly in remote 

- Another system ooemis of a sensor unit which measures the inertia changes 

induced by attitude and acceleration changes in the aircraft during flight. The 

inertial navigation system (IN0) is entirely self-contained within the aircraft 

Md no ron sttion we required ( 7). The main disadvantage of INS in vector 

eOiel Overtiomm ing Uht aircraft is the cosat sd weight of the eQuiument. 



and the fact that the system is difficult to adjust to flying reciprocal tracks. 

Medium and larGer types of aircraft 

can-be fitted with.highly accurate electronic navigation equipment (e.g; Dopple 

VIZ) but 'oand marker& are required to line up on approach and exit trm

large blocks, especially when spray runs are many kilometers in length. In 

addition, these aircraft may be equipped with instruments to allow flying at 

night within close proximity to the woodland canopy. As weather conditions 

at rM.ht are often suitable for insecticide applications from aircraft, 

nocturnal tsts control operations have been studied (61971) 
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PT T rU!uDERRWTRM1'; FOR TNLSFTTC7DU!.* AND APPLICATION RX1JPHW1 

1. Candidate compounds for tsetse control from coemercial companies, 

-research institutes and other sources should continue to be assessed to. 

insecticidal activity i laboratory tests an a basis for selection for &iesd 

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

to tsetse flies but also existence of a / availability and cost, toxicoloy 

and possible effects n non-target orrbinas. Some of these factors are l.sted 

(Appendix 1) for new compounds already regarded as possible replacement cheicals 

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

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

annral commercial quantities for those which are readily available, and apply 

to the situation as far as it is known at the present tine. 

2. Highest priority should be given to field evaluation of the synthetic 

pyrethroids. OC 11.3 and JRDC 161, which are outstanding in their toxicity to 

tsetse flies and their persistence in spray residues and could be used in both 

aerial and rxowA sprays. N(Dr 161 is the most potent insecticide known ar.ainat 

many insects but also, has a high mammalian toxicity with a site of action which 

differs from other pyrethroidso. t is important therefore that further informati4 

should be obtained as soon as possible on hazards to other ainals although it 

rnold also be noted that the very powerful insecticidal action means that It 

a beasd at lower eoncentrations and dosages than the other candidatesa 

3. The organophosphorus compounds and carbaoates listed have good to
 

moderate texicities to tke flies, as measured by topical application, &Ad can
 

be divided into thoee which are likely to have a short term persistence only
 

(for exmple, festhies, saled, bremophos, propoxur) and those which could have 

a lsm'er residual action (for example, asamethiphos, tetrachlorvinphoe, 

edfoeaph, bedisearb). Dremoph from the former group and tetrachlorvinphoe 

frm the latter have already been amined in field trials and found to be not 

Wary Proising. 
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4. The ausceptibility of different species and straina of tsetse to 

*ndosulfan and dieldrin and to representatives of other chemical clases 

re likely to be used in field operations should be measured in different pUS. 

of Africa. This vill provide Guidance for variations in dosages required srA' 

al"'base-line data for a systematic monitoring proegame for reeistance. A 

simple atandard method ahould be adopted; the most suitable in probably Uia 

VW method for topical application (I11)o but field peorommoe sho d alas be atud 
by methods stilising tareal oentact with weathered d posits ca spikv!A uwfam (ow 
buk) :if peoraisme Is to be Invetiaste&. 

RCtuidual irlicntone to veietation at hiwh volume rates 

5. Solutions are not ucually employed because the solvent is expensave 

-compared with water but they were used in early trials in East Africa with.
 

(9)or more recently in Nigeria with diuldrin (73). The cheaper solvents ouch 

as kerosene which can be used at high volumes evaporate rapidly from deposits and 

do not influence peruintence or activity of the inecticide by their pro.-onco.
 

They can modify the initial distribution of insecticide by moving it into 

bark or leaves before they evaporate. 

6. aulsions or suspensions are much commoner system for insecticide dispers4 

sad the two insecticides DDT and dieldrin are invariably used in these forms in
 

the larger control schemes; for eample in Nigeria, Uganda, Tanzania, Karja
 

and Zembia. epnsions are prepared from water-dispersible powders which
 

coatain insecticide and inert diluent particles and surfactants and give dry
 

deposits since the water evaporates very rapidly. Biological potency depends

iU 0"1i6l state 

upon the particle ,size distribution of the active inaredient/and the surfaco
 

which has been treated (44). Yiner particles are picked-up more readily by
 

resting insects while the adhesive properties of surfactant residues reduce 

pick-up on the les porous surfaces. Those powders which meet WHO specifications 

have about the eptima particles si e distribution. 

7. ~ince the insecticide is in solution in emulsion concentrates, or in the
 

egulsisa prepared from these, the physical forms of the deposit after solvent
 

d water hao evaperatad will be sextrollad by the arystallisatin Properties 

ef t"e usaimeetedd MO SCAL$ the sprayed avwfme sBlue this arystallizatiea 
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occurs more readily on now surfaces than others. (5). 

B. The persistence of the deposits resulting from the use of powders or 

euilsions will be controlled by the physical properties of the active material 

(e.;-diteldrin .ismorevolatile than D), by climatic variables and by the. 

surface sprayed. _Thus water-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 -mo easily-washed away by rain %ban those from emulsions. Another 

important factor is the intrinsic toxicity of a compound to the flies. For 

example dieldrin is more potent than Dr and deposits can be reduced by a 

lar,'er 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 pirimetaphom, azamethiphos, tetrachlorvinphos and 

bendiocarb, have a low solubility in the common solvents used to prepare emaluioi 

concentrates but this could be improved with known co-solvents. Conversely 

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

Aerial arplication at ultra-low volume rates
 

10. This usually 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 in possible that with exceptionally toxic compounds such as 

NRC 161 the concentration can be reduced to something of the order of 1%. 

For these solutions the vital component is the solvent or, more often, solvents. 

Their properties- control the initial atomization, the reduction in droplet-size 

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,
 

I>,
 



33.
 

insect and surface would be too long for this report. Briefly, howvcr, ".hu boat 

solvent system probably coanints of a non-volatile component ouch n a sge.able 

oil, plasticizing eater or Dutrox-type petroleum extract combined with a volhtile 

solvent which may be lost during application but ensures that the phyni, 

pr6perties of the blend are appropriate for the atomization process. Tcaon

volatil, solvent is -a less efficient carrier for insecticide through the ru-ticle 

If a droplet lands on the insect itself but can multiply the life of the active 

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

12. There are likely to be difficulties in preparing high concentrations of 

none of the newer compounds because of their low solubility in many of .tlo 

common nolvents. The oranno-chlorine compounds an a group are reasonably soluble 

in petrolcum-dorivcd solvents or in aromatic solvents from other sourco. oma
 

organo,-phosphorus esters also have high solubilitiea (bromophos and jodfonphos) 

or are miscible (chlorfenvinphoa and fenthiot) but others, especially the 

phosphates are vary poorly soluble in the usual solvents. Pyrothroids are 

usually readily dissolved but the difficulty of low solubility is again encountered 

with moat carbamtes. These and the phosphates can only be dissolved in water

minciblo, hydroeen-bonding solvents such as di..thylforamide, N-mthyl-2

pyrrolidono or hoxamthylphouphorzaido. Luch of these has been used a a nolvent 

or co-solvent in commercial ULV solutions. Unfortunately they are also good 

solvents for many polynera und in the hosos and wanhorn of oprAy (oar Anw thoir 

water miscibility meana that insecticides can come out of solution if water is 

u-ced .for washing the .equ-pcment. They are also relatively volatile and are likely.. 

to be last-durinC'or iteodiatoly after application and may have undesirable 

attributes since they facilitate skin absorption of toxic chemicals. It will 

be seen that the formulation of many of the newer insectici-es will need to be 

considered with more aLtention to solvent properties than was necessary with 

the compounds used previously. 

13. Other types of forwrilation have been tried or may be considered in the
 

future. The relatively inzol'ablo .noocticides are easily milled to Cive fine
 

amwpeAs os in water, .,o 'col' typeo, or in non-volatile oils as, for ex..plo, 

d.,e.i ~~up4ei~.o aray-i ie.The. sea be sprayed as supplied 
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or diluted to suitable concentration. with wter or oil respectively. Inverted 
emisiun have been tried in Kenya (72) but special spray equipment is needed to 

form these. Micro-encapsulated insecticides my have a place in tsetse control 
although th7-are likely to be more expensive than most other formalationsi 

hey w ld -be most aseful -n extending the lives of those insecticides -which are 
prinising-in other respects but lack persistence and would therefore need to be
desiped with suitable leaching or disinteogtion rates. 

MUND EQUI~N 

14. Spraying machinery manufacturers are dependant to a large extent on 

requirements of the agricultural market although it ban been possible in some 
areas to utilise locally -ade machinery, provided that it cnnforms to accepted 
standards (79) and is sufficiently cheap. It in probable that any machines 
developed for anti-tsetse operations will also have to have suitable outlets 
in crop protection situations if production of equipment is to be economically 
viable. Some mamnfacturers would be willing to make modifications of existing
 
equipment for tsetse control provided that some couercial return was evident.
 

15. Developments in ground equipment are proposed in the following areast 

Hydraulic energy equipment 

Spray lances. 

16. Shut-off valves should be made simpler and more reliable, possioly making 
greater use of plastic to reduce corrosion problems. Lance extenmions are 
-require4-which 	can -quikly and easily be fitted to existing lances to:extend 
their range .of operation. Bayonet type attachments should be used wherever 

possible. 

Spray guns. 

17. Tetse flies are found in many different types of plant community and 
equipment is needed to treat a wide variety of preferred resting sites. 
Control of liquid pressure and spray pttern shape is essential and although 
sm work ha been done to investigate spray ginc iving vcrying pattern widths, 
this neds to be developed farther. A devioe which can alter the spray width 
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ahould be capable of being operated by the hand holding the laseo.
 

Preeaur% retaining sprayers. 

S. Preua'e retaining equipment Is urgently required to replace equipment
 

us e In the post but which is no longer available (Pars 33). o" eeuprow'em
 

sprayersiould have the following specificationas
 

- Tanks to be made of suitable gauge of stainless eteel or Plastio vith.
 

holding mpaolty of 15-20 1.
 

- O ratinC pressure ranse of 6-3 kg/cma, or ev hithera proe rwe pup to
 

be fitted to the top of the t*, aknd a pime ar regulating valve,.
 

- A ahut-off vulva of the fleating ball type should be used.
 

- Capable of bcin: f"llcd WiLh air and insecticide with its own deoactMhl#
 

punp and with a seporate chnrz.e pump.
 

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

Rand comprossion cprayara.
 

19. fL-nd cooprccion zprayoro which seat the WO specification (30) should
 

,.be tented to dotermine their auitubility for tactoo control.
 

Irvor Operated 3prayor.
 

20. :to requiresent for this type of equipeat is anticipated, 

MOtorim~d mochine&j
 

21.. -Any-•ahlne .hich is operated by meaon of an engiae will present lantenance, 

nervicing and ropair -poblea in the field. Wevertheless, bome requiremef is en 

fur this type of machine. 

fotorised kaspack ai.tblowemr 

22. This type of n-.chLioe is eat uaeful In areas where insecticides re: be
 

upplied to dense ve:otatlon and, w'Are access by the eprayuan may be difficult.
 

Io.cre is a wide variety of noto-s'scd knapack aistblowers available and these
 

0J.'.jld be "Iftpoc.cd to determine which are mo"t suitable in speeific situatjente

tft.A&A% 

http:Iftpoc.cd
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'Vehicle mounted mchinse, 

23. No requirement is seen for this type with the exception of fogging 

and ULV apparatus attached to or mounted on vehicles. The use of this equipment 

v-ould however Ue limited to areas acoemsible to vehicles and with asitable 

ambient weather oonditioi. 

Fogging uchines. 

24. 7hese machnes have f"ound little use in tsetse control operations. The.r 

use would in any event be restricted by wather conditions. Neverthsless there 

are situations, such as when dealirg with tsetse living in scattered and 

relatively small t-'ickets amon& cultitaion, where a non-persistant inuecticide 

might have to be employed and a scall po'able fogger might be the most con-. 

venient equipment %o use. The great advantage of this type over ULV equipoent 

in the visibility of the insecticide after emission. 

Kenuel aerosol Producers. 

25. There will always be a need at pickste for such equipment, for eliminating 

tuotse being carried by vehicles. A vide variety of sizes and qualities of 

both gaseous and hydraulic enrgy hand-eprayere are available, but few am 

large enouxh or sufficiently robust to stand up to ertended daily use. 

AZRIAL EVIPr-2M? 

Reu , n'ens for ax.-s;raying urt"ent 

26. The need to prodnee acroso droplets (vd 20-50 urn) for sequentitgi noa

residiml applicatIors of iaecticldes for testes fly control has been well known 

for a considerable time, but there has been little Incentive for sraying 

machinery amaufacturers to invest in research to produce ne apparatus. This 

is undserandable because such ventures could show little returns mince there 

is only likely to be a demend for a small number of unitso. However, of late 

there ham been an increasi ig awareness of the need to produce U*,V and fine 

spray dispersal equipment for crop protection puarosee ard therefore, there 

has bees an lacresaing zauber o! prototype rotary atonlere available of very 

variable performuano. Most of the nilets now at the prototype sge aure 
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of theme have already been uadd and Maessed for
electricnllY pow'red and noemo 


triftLnO control operationn. JMvi'ver there is still a need for a robust and
 

rclinble unit capablu eo"producniZ small aerosol droplets for use on both heli

work in this area is recommended. 
copters and fixedl win5 aircraft and further 
An far as small fixed wing aircraft are concerned thermal exhaust unit@ 

appear to be the cost suitable equipment for aerosol production although the 

droplets produced are very variable in size and some of the larrer dronlete
 

at- ground level near the souroe of emission,
-edeposited 


27. 	 On faster moedivi sized fixed wing aircraft which are capable of sprayina 

have been proat specds of ap~roximntul: 26atn/h wind-driven rotary atomisers 

duced which are suitablc for the production of aerosol droplets for non-residual 

tsetae control both with volatile and partially volatile insecticide forwulations. 

The size of the units uned in recent experiments is significantly les than older 

units but, despite thrir smniler size, the ccmbination of increased rotational

speed and increased flyirt: speed ha, riven bettor atomisation of spray droplets 
nave been obtained.
 

and droplet si:ca of 25-30 .'Icrons vnd/ The performance of electrically operated
 

rotary atomisers has not been asnmsaed on fixed wing aircraft for tesete control
 

but this is an area %horthyof further study because these units cay prove 

suitable for aerosol production, provided they are sufficiently robust fcr 

field use; the use of suitable hydraulic spray nozz.es should also be studied 

for aerosol production on faster aircraft. 

28. Equirgent for residual applications will continue to be required where
 

persistent insecticides are applied by helicopter with boon and nozle devices
 

when supplying sprays of emulsion concentrate and dispersable pnwders. Equipment
 

for makin" ULV innerticido application will necessitate the use of electrically
 

powwred dovice:; eepecially with the need to control the droplet site of.the
 

emission and the placement of the sprays in specific targets, e.g. along.riverae
 

wes and ecotons4. 

29. There is a need to continue with research into the developsent of residual 

sray arp'eation teehnolo".uaind floed wing aireraft. This may be required if 

an envirorentally aotatfactory roesdual insecticide to discovered. In this 

event, there would be a need to review the strategy of current cotrel techniques 

Althv.-h this would not noennarily require the develepset ef ase tes ef, 
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equipment. Coanentional boom and nomaae and 1ot7 asIinm gouLd be 

sultable but field techniquen would have to be studiea ns orde to appU the 

Inaecticidee in the met efficieat mannm. 

IaprOw30. 	 uwtb dsevelopmt of troah Suldst e utem Is oe.tie2 to 

Control
reLijbililyt scoucray mnd oawn of operation in largme-ie tsoto. 

emhee using aircraft. 
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R= .'V.. ' ?-'.,OGY OF TSETSE COOTRCL
 

:..Z STATUS OF TSE3 ; SING PESTICIDES 

1. Control or oxtc-:ni-ation of tsetse flies by chemical means must show some 

-YCfl_3*. in cost, speed o* action or in environmental impact over other methods. 

of control, e.g. total or p.rtial bush clearing, to be an economic proposition. 

S;f.icient isolation of taotgo habitats is necessary if permanent eradication is 

to be sBUatrned since applications of insecticide do not themselves chanee the 

h.-.biat. This of cour3s is not necczsry if only short term reduction in tsetse 

rx-bers is required C.o r "=7.1p" to abate & sleepig sickness epidemic but 

;'hcre A land utills'an .ro --e which includes a livestock component is in 
.oarcs and set:.c=c-t o. people is taking place, eradication of fly is 

X..ually necessary. 

4W 

a 

2. .o basic lo.:'.c:,,.zvolvingthe use of insecticides, have been proven 

az capable of eradi ati.- :sotse flies. One involves & single (occasionally 

raprtitive) relativaly heavy deposit, applied in a discriminative manner either 

zy ... aund-spr7 tcs= or fr.; he air, and the other involves repeated low dose 
;:os th- -. : zon-roedual insecticide which kill all thv adult 

S o..' o-- ee-: 

onvTcricty of 

the d@eoe to 

cm..i h t. 

:..-t .- of a.?lication. The choice of method will depend 

'ir=cudi.-. the climate of the area, its topo,3rapby 

." tzatzo po ;ulation say be seasonally restrictod to 

;o'in oz2y a sall proportion of the total area-Lested. 

a =.- favourabl o 

Teets* r:adic.tic -

wd dcvoa-opont of a balc..d 

1- exocuted on a e -rZ 

operations having the objective of facilitating the
 

.:6 ixod rural economy will only achieve their objective
 

uc=o.s 'his means taking the boundary of tae 

c .o.al arca to th.2 .i '.: of the infestation or to perimeters which can easily 

t.. ., whero t.'.o cL... of the defence action is small in relation to the area 
-e- - - - ae 
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witi,. current and future ccnanity needs without having to ensure that no 

environmental circua3tances oxiet in the project area which can harbour infest

ations. 

-4. The attainment-of the eradication objective means that the land resources 

c= 	be exploited strictly ccordi.ng to their diverse capabilities and the need 

ei:the com:unity whil~t scufficient in reserve for future generations, 

for an adequate forest etato, for paztoral rangeland, for the conservation of 

erodable areas and for the -resC.-vation of wildlife. The difficulty which arises 

when "settlemen:" is uzc;j as a concept for consolidating land reclaimation against 

tsotse infestation i3 t'-t the level of the land exploitation necessary to reduce 

.::cz:tat.ons to a lev2- w Lro thoy no longer cause grave repercussions on live- oe 

ztoz can not be ati z'w-..4't ovcrhuroening the land resource, cannot be 

Zu.30.-v3osd on the sc. ."-c r..-often does not fit in with cccounity need 

J czpability. Fu. ho,t..?:ry onzoinsis problem will remain if an adequate 

.roportion of the -Qc=-occ r.-as uncultivated or is allocated to various 0 

ar4 essential con3ervtiz= Cv-.oetivez. 

5. 	 ..us the deliof:..-o, of t.otso i.fentations and land resource surveys 

e' of t:otso eradication projects. Land use surveysessential procurcor 

..... ot... -current-nd uoo and land capability assessments relating to the 

.ixed rural economy essential to meet the needs
4..:4;-ct of the b&!.=z:cd m.± 

of n.xpan irn co=unl.ty th ±nc-e=iz.g. living standards should proceed an4 ,_ 

They )
provide the juactfcatic. fc- lzrgo area tsetse eradication operations. 


re a fundamental coarponont of the field research effort required prior to the 

dczoi-n :;..d execution off cubzt=ntil anti-tsetse activities. 

• -f "*'."±c ccr.sderati-

L. 	 The natural li-itz of t.e tsetzo population to be attacked should be 

. ed before co.tr." c-..:'o are inxtiated. Surveys should be undertaken 

.;.th c:.rc to dtcr-i.,.o :.:.cr. ".i.te.5r4 .aximuz disporsal capabilities at 

=4st fayourable cacon. cf :he year. Low density populations require thet:.. 

http:co=unl.ty
http:ccordi.ng
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of those plant 	cow .. t-es with which a large proportion or tue toeoso population 

especially at unfavourable seasons of the year ("discrAninative e° 
in associated, 

phase), Resting sites utiliced by the flies, throughout the day and night, in 

thece plant ceamaities should be determined ('selective" vhase). Besting sites 

of the overall habitat, am very restricted 
can U confined to a Swa=A proportion 

possible under such circunstancea, especially when avplied
use ofjinecticide is 

"scletinn"'ailyinC the princpleo of "discriaination" and
by Crouna-pray teao 

neceacrily applicable elsewhere within the rnngo
Yindings 	 from one area are not 

of a species and such studies are necessary wherever control operations are to 

be undertaken. 

Los8e detailed knoadre of the ccoloey of the species to be attacked in 4-0 

are to be employed. 0 
neceaz-y when blaaket applicntions of non-residual insecticide 

In ardor to determine t:in optima nucbo7r and interval between application it ir, S 
the duration of the pupal period thrnughout the time u

however, necessary to know 

be paid to the 0 
when raying is to be conducted; particular attention should 


mat panoged. It is the Sxirnu

coolest breeding sites, w*.ero the period will be 

the meAn w~hich is moct sinificant. For the sme reauon, it iW 4
period and not 


the eamergence of a fe-.le
ala necessary to deterane the length of tise between 

particularly nP
fly and 	 the production of its first larva throughout the spray period, 

zt the shortest 	period. 

At the conclusion of control operatiens, detailed surveys are9. 
a 

rcquired to determine whether or not eradication has been achieved. he detection to0 

of 	 tactse Mles at very lov opulat:io: densities is difficult and inefficient and C
 

=ethodz is perhaps the most pressing need in
the development of appropriate 


studies of Goesin. ecola=. ow, efficient devices for sampling tsetse pop

ulat ions have been devolo;4c (104)1 the pozzibility of adapting these to detect
 

le density populatiens requires urce.t investigation.
 

. :: *d is to be cp*eAo. f, . :the purpose of prev.ding foed resources,
 

astivites themselvs w .1wL.l
9h. it 	 must be reaepOAod tkat t'e a,-. aulteral 

' riz abcus. Q far a;:ter cnviroczsntal shanCe than initial applie Les ' 
epsma 
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of Lnsetiola for tsetse eontrol. uarthermore, the a.pcultural changes will 

require sater amont of acre persistent insecticides for crop protection than 

'.11be used is public health. Aecordingly, plazanrs of such laro progrunoo 

,iiunlU Sp aeh the probles of environmental modificati n from a rez kic 

vicweolnt7. Govermuents %.I'ch noek the leng-twe objeetive of Increased agri. 

=mt at the com tin criticize too sevrely the short-termc€ltiwsl yzela 


use of Insecticides fer veeter control.
 

1. 	 The jataujanves to the use of insecticdes for tetse control are the 

of gS and habitat clearance. T'he environmenta' affa*ts of thesedirect killr 

op ations are po'ha:.7 Za'.r than the use of the insecticides. Although CenetiC 

coatrol of GloaR±n I& a distinct feasibility, a great deal of work1 will have to 

be done to deternine Its operational value. Despite recent publicationa on th, 

it is considered to have a rcaotopoadbilties 	of biolocacl control of Glossana, 

12. For tsetse control, ac-tain areas of wooded "avanabs, riverine foreta, and 

fcro.-to proper, Includin tho ocetone; between such system, will be treated. Tho 

fi-st 	stop would be to =p or classify the major ecosystoes that will be covered 

literature, to prve a proaiUmary liatingby treatment,s nd based upon oxif tW 

oup ii each. fro this i sarie of indicatorA-A otructme of the xaor animal 

ca-anisms can be derivOd azd their availability and relative abundance in each of 

irod and checked by spot surveys. Once sprayingthaoe main ecosystems & -z 

and the toxicity of the insecticido(s) sol-ctedmrutienc have been docided upon, 


detorminead tsr major groups, i.e. namalian, avian, fish, et6., a sampliq.
 

procedr -forthe Indicator s1cies population levels can be establiahe4. Thae
 

adequate proeedroa for detorin-ing vertebrate population levelswe nmten 

de,eding on availability of mapower srA the precisiom delired. Other major 

Uepo to be sampled wold be non-target forest insects well2 as &oilorcaila, 

01u-.ially Lus.j-a and urt).rapcla. 

1. P st4al measurements ato determine the distribution sM quantity of 

oses41idee ap;lct. by aerial nway. in .sp1o hbitats should a&s be .Ae. 

be do-I. in a weoded orea at a spW level, at Later1.staaUv, thui shou"l. 
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mediate tree level, on ground vigetation, and ultimately in the soil. Again, 

for each of the habitat types.details can be determined 

FUTURE RESEARCH REWJIRENENTS 

Recent progress in the use of fixed and rotary wing aircraft and ground14. 


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 

or impossible in the past as insituations where treatments have been difficult 

In some situations where
certain riverine, moist savanna and forest zones. 


control has been successful alternative methods are desirable, as for example
 

be taken into account.
when economic or environmental aspects must 

evaluation of new insecticides and formulationslaboratory 

15. COPR in engaged in a continuing programme for the laboratory testing 

and evaluation of candidate insecticides for toxicity to tsetse flies in collabo: 

supplied by industry,tion with WHO. Comparative toxicities of compounds reseat 

a standard methodinstitutes, universities and other sources are determined by 

of-topical application of solutions to teneral Q_.austeni obtained from pupae*. 

promisingThe results are published from time to time (43) and indicate the most 

for space sprays. Other properties such as volatility, solubilityinsecticides 


stability are also measured to indicate suitability of dompounds for residual
 

activity.
 

on formulations of insecticides for residual aotiyity
16. 	 A research programe 
A spray tower has been constructedon vegetation is also currently in progress. 

for the simulation of ULV conditions; that is, the application of concentrated
 

solutions of 10% or more active ingredicnt at 	low volume rates and controlled 

droplet size. Obser-atione are iade on the physical state of deposits on leaves 

The persistence anda&d of the persistencu of the active ingredient on leaves. 


measured by bioassay and chemically by
availability of the active ingredient is 

OC analysis. 

Tsets4
Supplied by Ministry of Overseas Development and University of Bristol, 

Mesearch laboratory, Dept. of Veterinary Medicine, Lan&ford House, Latordl! 



Field studies of new inncticides and techninues 

Ground applications of residual insecticideS. 

17." Porsistent chlorinatod hydrocarbon insecticides e.g. DDT, dieldrin and 

2 arre in current uc for tsetse fly control. Insecticides are applied 

selectively to the known ractinC sites of flies e.g. the 
trunks of trees and the 

undersides of certain branchas or to leaves in the canopy, 
and are effective wnen 

applid to rverine and savanna vegetation using ground spraying machines. 

insecticides which are environmentally nore acceptable and lees toxic to cattle 

and humans would be evnlu3t.C for use by this zethod. Trials with these insect

icides should include dicldrin as a reference treatment. Details of proposed 

trials are shown in .-;pendix 2. 

ii Ground applicaticns of ncr.-7osidu&l insecticides. 

18. Hard carried equip=ent for applying aerosols for tsetse fly control has 

0 
P=4 

Pa
U 
9 

V 

been used in various p.rta of Africa, but the method has never been developed 

to any extent. Equip=ont applying DDT as fogs has been tried but there is a 

need to evaluate alternative :ass persistent innoecticides applied as ULV or as 

dilute formulations suitableo for foGging. Thise methods are unlikely to lead 

to peronnent eradication . there are requirements to reduce fly numbers 

rapidly in e-argency sleepinZ sickness situations, in areas of human habitation 

or of tourist interect. ;t would be necessary to study sequential applications 

of insetct-cide if long term control was required. Applications of insecticide 

from boats would have to b considered for access to difficult riverine areas. 

m Datails are given in A;pcndix 3. 

_:otr.-. fn aircrnft n-,-'-.'.n-,R of*reidual insecticides 

'9. Persistent chlornatcd hydrocarbon insecticides e.g. DDT, dieldrin and 

endo-.0far. have recently been shown to control tsetse flies effectively in West 

Afrioa by discrininAtivo t..-.- 3 of aerial sprays applied by helicopter to 

forest islands, draina:o ".-.Ca, ecotonee and stretches of river where the i41 



i trly nnor lc toxic :Omcn and cattle. It Ic 1ao tmpor' ,rnan 

.o ox w closely tha econoics of thi Method and the possibility of uai.C
 

In Appendix
eiffcrol. foruulatioz for -oater efficiency. Details are give 

^ win nircrzift : ,-nl(cntinns of non-residual insecticides 

20. -.Tho control. of taotse f.Mies slo.z large stretches of rivers whore .round 

t.ccg5 La difficut h-.. always prosented problems. Fixed wing aircraft do not 

"Iava tio noeuver-ibility to follow the course of the riverine vegetation and 

rozidul sprayizg fro t.o s- cuses Ceater environmental side effects. There 

in. thcrefae a need &.adovizo a non-rczsidual WApying technique usine cnvkr?.maft

'@" izjoct ic.-,-z 'or the rapid reduction of fly, especially in areaz 

wh.o zlacpi-g zi.Jz: is opidccic. Dotaila are given in Appendix 5. 

.: _'fi::ed-wi..- -. r:-ft :mnlicatio.s of non-residual irsecticides 

1 'ne techniquo a. appl7iC aarosola free fixed wing aircraft for tastse fly 

control h s been wol tried ad haa been shown to be effective with a variety 

&f t.Octicidea in f.€ll exporizonts ard in large airspray operations but requires 

it€ir-.l deovelo;=c t wor'. Z"osulf=' La currrntly used at rates of 6-14 C/ha 

p= trcatcont. Tho.-e cz: ".o oit-a:ior. where this incecticide is a Lizard, o.. 

.e rivers or lakez, a.:d it would be worthwhile assessin aiJtenative Lnsect-

BDetails are ±vc in Appeadix do 
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FLY PROJECT REVI!E %COMITTEEREPORT OF TSETSE 

Tan.a-1.:aja, Tanzania, January 24-25, 1977
 

The research program on the use of sterile males of Glocsinra 

I, the developumL of fly productionmorsitans is now concluding Phase 

Since the last review,methods and preparation of a field test site. 


activities, demonstrated the
the project has cocpleted its building 

flies for a release operation and
capability for retring sufficient 

and field studies pursuant to initiatinginitiated population analyses 

a field trial during the latter part of calendar year 1977.
the Phase III; 


Th. current status of the program is adequately described in the
 

working papers presented by the research team staff for the Review
 

CPitee kAppCndix 2). Following a thorough review of this materal,
 

close inspection of. the facilities at Tanga, and a visit to the field
 

site, the Conittce recomeends the implementation of Phase III. The
 

Coim*'.ttee debated the remaining requirements and the operational planning 

for Phase III. A brief summary of the agreed procedures follows:
 

rly rearing and host animal production at Tanga
 

The fly colony is being increased so that it will reach the maxi-mnu 

leel of 45,000 females and 15,000 males sometime from June to Septeruber. 

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

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

of production. Depending on the reproduction characteristics of the
 

colony at that tine, between 80G and 1,200 malee will be available for 



daily release. These numbers sdl1 provide a daly 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 11 Tanga colony strains will be field-tested to 

determine 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 Ukwaja strain; therefore, no further attempts wii be made to 

incorporate the Mkwaja strain nto the rearing program. However, 

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

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

to assess its 'iability and competitiveness. 

To provide replacement otocks in the event of a disenster 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 10,10 females prior to initiation of 

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

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

maintained exclusively on preserved horseblood using membrane feeding 

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

flies (28mg vs. 30mg, respectively). However, its fecundity currently 

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

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

Irove the fecundity of the aninal-fed flieu. The advisability of 
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Initiating a second back-up colony (5,000 females) at Langford is under 

consideration. Mhen sufficient numbers are available it nay be possible 

to test flies of the back-up colonies in the rield. Cytogenetic studies 

vill be conducted at Langford to determine the similarit7 between the 

back-up colonies and the parent Tanga stocks. 

Because of the presence and importance of G. pallidipes at Hkvaja 

Ranch, an attempt will be made to establish a colony of this species 

In Tanga. This species %ill be maintained as a sall, research colony 

in anticipation of a future increase for release purposes after the
 

control of C. morslitans has been achieved. 

Approximately 550 goats and 110 rabbit3 will be required for maxirum
 

fly production. These numbers include provision for reserve and sick
 

animals. It is anticipated that adequate numbers of both hosts will be
 

on hand by March 1977. The rabbits will be utilized in one or more
 

Insectaries as hosts for the stud males. Female flies will be fid 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 acphasis will be placed on daily veterinary 

surveillance, provision of adequate insecticide-free foods, controllod
 

herd managehent and breeding techniques. In addition, goat barn
 

modification will be undertskAn to upgrade the goat quarters in Insectaries
 

& n to that of Insectary III. I 



Handlin%. Transport and Sterilization
 

Studies At Tanga have confirmed the suitability of irradiating
 

pupae in a nitrogen atmosphere. Further work is scheduled to determino
 

methods of pupal storage to obtain opticum numbers of viable sterile
 

malles for release, and at the saae tizJ conserve females for colony
 

purposes.
 

The current concept includes alloving the bulk of the females to
 

merge at Tanga, then cooling the remaining pupae (mostly males) for
 

transport to YwvaJa Ranch, where they will be irrridAted and released
 

prior to adult rergcnce. Testing vill include an assessment of
 

stockpiling cale pupae to reduce the nu.ber of trips required between
 

Tanga and X1caJa.
 

Barrier X.ethoeolnev &nd FlZ security et .k.aia
 

Insecticidal Barrier:
 

The 1 ra wide cleared bdrrier will be complatcd between Narch and
 

June. The barrier will be reinforced along the outside perietear vith
 

residual applications of 5Z DDT on the loter lOft. of trees greater than
 

inches in diameter and on the undersides of the lower branc.es. Bfsod 

ou available info-rat~on regarding the wiatn of a dialdrin barrier required 

in Tanzania and Uganda. the initiAl barrier testing should utilize a 

300a. tre-ta-nt swath. This test should include at least 3 linear miles 

am perhaps cover the entire portion of the barrier separating the 

tratuneut and control areas. Treatments should be at bimonthly intervals 

http:branc.es


and Vioassays will be conducted to assess the degredation of the residue.
 

ievmarl techniques should be utilized to determine barrier
 

-effectiveness and it must be recognized that failure to detect fly 

movement across the barrier will not necessarily demonstrate that it has 

not occurred. Fly mnv1ment 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 marked in the course 

of ncrmal flyround activity, ind addtitional flies will be captured, 

marked and transported to the outside of the 5naecticide treated barrier 

for releace. This activity should be conti.ous for a 6 to 8 week period 

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

less intensive basis. Several bait ani-mal capture stations will be 

established along the inside perimeter of the barrier and manned during 

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

electric grid trap/in8 will 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 chez-cally analyzed for insecticidal 

content.
 

If the 300m insecticidal barrier is not cuccessful, the vidth will
 

be increased and the testing repeated. In the event that the bcrrier Is 

still no5 completely effective, a maximum barrier of 1 km will be 

evaluated; if this treatment is sufficiently effective, the releases 

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

mspprassion. 

To encourage a anuessenL ox cne roecase or scerueau SuCquE 

male., evaluations will be conducted in both the outer perimeter of the 

release area and in the inner core. 
Evaluatin; the information in
 

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

of Immigrant flies and thus judge core accurately the efficiency of 

the released males.
 

Fly Security
 

Fly gates and/or deflying chambers will be established at the 

acceLi roads to the release portion of the ranch. Hovement by ranch 

ani als between the north and south sections and in the cleared barriers 

will be termincted prior to the inital suppression of the fly population 

Population and fertility assesent at I ewala
Ranch
 

Flyround activity vil be continued throughout the pre-release,
 

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

activity may be reduced. In addition, bait stations viil be-established 

As will the correlation between screen and cattle flyround capture 

nfficiency. These techniques, supplecented by other trapping methods 

that may beco-e aailable, will provide data for estimates or population 

density for orsitans and pallidipes ales as vell as apparent density 

/
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estimates and male:female ratio; During the actual release program 

the Irradiated males will be automttically marked as they emerge from 

the puparia ind thus it will be possible to determine sterile sale to 

wild male ratios directly and to identify the released females. 

Female fertility ssessment wiil be conducted by the following methods* 

The incidence of reproduction malfunction will be observed by dissection 

comspared to baseline data and also to observationof captured females and 

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 mor-istans anA the 

susceptibility of =orsitans to totaphane residues on treated cattle. 

An assesctent of trypanoso-e transmission will be made by conducting 

or contracting work on infection rates in both species of fly, randon 

cattle herd, and obtaining such informationsampling of up to 102 of the 


on Infection rates among wild animals a is practical.
 

Fly releases will be continued for a 	minimum of 6 months following 

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

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

If the barrier is cuopletely effective, the continuation of release 

for such a prolonged period may not be required. 



?poulation suppression at Mgcala 

the population density of 
Based on prteLminary estimates of 

3 ULV Insecticide applications vil be 
I. morsitans at mkvaja Rach, 

achieved with ecch 
required. It is estimated that if 901 control is 

2 times to 4 times
it will be possible to release dailyapplication, 

that vill be emergingthan the number of wild males sore sterile uales 

with mininal
spraying will be conducted in the releae area 

from pupae. 

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

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

the application will be applied with the 
Cessna 185 aircraft currently
 

for the aircraft will be
 
based at Arusha. Additional equipment 

procured from the commercial operations contracted to perform 
the work 

the applicationbe obtained to oversee
and an experienced concultant -ill 

The current estimate calls for the interspray 
interval to be
 

prograu. 
to betime for the operation appears

days. The most opportune15-18 


vhan the foliage is at a minimum and
 
between September and December, 

prior to the foliage flush that normally 
preceeda the rains.
 

be monitored by standard
 
The effectiveness of each application 

will 

In addition, variationsfly captures-flyrounds and/or standing bait 

will be determined 
dua to differences in the bush canopy

in control levels 


sites.
Iv bioassay at selected 
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islease Secuence at Mkwala 

Following the first aerial spray application sterile males may
 

be released in areas of ,aximum fly density to obtain some level of
 

reproductive control on the subsequent females emerges. These
 

released males will be destroyed by the second applications but.by 

that time they should have exerted sore effect. Similar releases 

-kay be conducted after the second application. Following the third 

application the releases will extend throughout the entire release 

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

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

2-4 sterile =ales to each wild male at that time. This should cause an 

1.madiate reduction in reproductive capacity and signifirantly reduce
 

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

the maximum rate possible, with due consideration for irregular density
 

distribution through the release zone, in order to obtain the maximum
 

rate of populction decline.
 

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

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

be conducted at Mkaja Ranch to take maximum advantage of the sticulat2d 

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

mall containers under a layer of inert material containing flourescent 

power. The containers will be distributed to some 250.300 selected 
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release sites along the .existing flyrounds and in the barrier zone. 

The actual schedule of releases and dictances between release sites 

will be deterained 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. 

Completion of Prograze: 

The effectiveness ot 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 prepared for a critical 

evaluation by the Review Coittee, and subsequently by other interested 

parties and organizations. At that time final preparations should be
 

Undertaken to renew the programe for such large scale operation as will 

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

operation discussed by the counittea include Kkvaja(pallidipes). Zanzibar 

(2. auvteni), Hafi Island, the West Lake Project and the Handini area. 

EqonerupfDavid Dame:vdw: 2/18/77
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