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ABSTRACT

IMPACTS OF TSETSE CONTROL ON MIGRATION AND
CAPITAL ACCUMULATION: ZAMBEZI VALLEY, ZIMBABWE

By

Jones Govereh

Tsetse control is ordinarily considered as simultaneously responsible for motivating
household emigration from those districts bordering the tsetse cleared front as well as
household immigration into cleared areas. The direct contribution of tsetse control to the
process of internal migration in Zimbabwe, holding constant the historical imbalance in
land access, regional differences in the development of infrastructure services and markets
for commercial enterprises, is unknown. This study modeled annual growth in immigration
at the village level and obtained settler’s reasons for emigrating from their original
settlements. The direct and indirect contributions of tsetse and trypanosomosis controls to
livestock adoption in tsetse cleared areas is also not well understood. The study modeled
growth in livestock adoption at the village level and investigated whether adoption began
with or was accelerated by tsetse control. In addition, a production function model
evaluated the effects of animal traction use on farm level factor productivity. Finally, the
study also analyzed the distribution, extent and determinants of settler wealth

accumulation and established the relative success of settlers.

This study was conducted in Gokwe North District, Zimbabwe in 1996. The survey was
conducted in three cluster sites: an early cleared (1965 - 1976) area; mid-period

controlled (1978 - 1987) area; and a recently cleared (1982 - 1994) area. All sites had



uniform drainage, soil and vegetation characteristics. Within each cluster, two wards were
selected and in each ward, two villages were selected based on access to infrastructure

services. A random sample of 40 households was selected from each village population.

Historical and regional land distribution patterns were responsible for household
emigration from other districts contiguous and non-contiguous to Gokwe North. The
relative unavailability of economic farming opportunities in old and well established areas
led to emigration of young and growing families. The relatively unsettled alluvial plains of
Gokwe North made it an attractive destination for immigrants whether there was or there
as no tsetse flies. While tsetse control did not affect emigration, tsetse control directly
affected immigration of households who moved into Gokwe North with livestock. The
introduction of cattle and donkeys in Gokwe North was partly due to trypanosomosis
control and in-migration. The pathways towards improved productivity were different
between hand tillers, draft owners and draft renters. Use of animal traction enabled
households to utilize additional amounts of land and labor. Wealth accumulation was
influenced by the life cycle phenomenon as predicted in theory but was unexpectedly not
impacted by the length of residential tenure. The presence of tsetse flies eliminated the
premiums associated with early arrival. Early arrival after tsetse control was the best

timing for establishing residence.
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CHAPTER 1: TSETSE, TRYPANOSOMOSIS AND AGRICULTURAL

DEVELOPMENT

Trypanosomosis is a constraint to rural development. The rationale for tsetse and
trypanosomosis control is to develop the rural economy of affected areas by reducing the
impact and constraints which trypanosomosis pose on crop and livestock production. Tsetse
and trypanosomosis controls reduce diseases risk to livestock and people and indirectly boosts
agricultural production / incomes, ultimately providing a feasible chance for rural villagers to

accumulate wealth.

1.1 Tsetse and Trypanosome Species

In Zimbabwe, the main species of tsetse were G. morsitans submorsitans, G. pallidipes
and G. austeni. The two species common in the Zambezi Valley were, G. pallidipes and
G. morsitans submorsitans. The real source of the disease problem is a one-celled parasite
known as a trypanosome. The tsetse fly is only the carrier, or vector of the parasite; the
bite of a fly not infected with trypanosomes is not harmful. There are different
trypanosomes present in Zambezi Valley. There is a human trypanosome called
Trypanosome rhodesiense but it is rare and occurs in isolated locations along the Zambezi

Valley.



In Zimbabwe, the problem parasites are those which affect livestock. There are three
species of trypanosomes that affect cattle and other domestic animals. These are 7. brucei,
T.congolense and T.vivax. Each tsetse species is a good vector for particular trypanosome
specie. The G. m. submorsitans are good vectors for T.vivax and T.congolense. The T.
brucei have good vectors in G.pallidipes but infection rates are below 1% (Leak, 1996).
The infection rates of 7.vivax increase when the major hosts are bovines. On the other

hand, an increase in infection rates of T.congolense occurs when the major hosts are suids.

1.2 Tsetse and Trypanosomosis Control Profiles

Zimbabwe has one of the longest and most continuous histories of tsetse and
trypanosomosis control in Africa. Systematic tsetse control began as early as 1919 and
drug therapy began soon after the discovery of the trypanocidal drugs in the early 1950s.
Figure 1 is a time line of the techniques used for tsetse and trypanosomosis control in

Zimbabwe.

1.2.1 Tsetse Control

Vector control measures dominated the approach to control trypanosomosis until the
discovery of dimidium bromide compound in the early 50s (Connor, 1989). In Zimbabwe,
tsetse control measures began as early as 1919. At that time, wholesale game elimination
and bush clearing were the main forms of tsetse control. This went on until the discovery

and development of pesticide science and application methods in the 60s (Shereni, 1991).



Bush clearing eliminated the tsetse habitat but vegetation loss along valleys destroyed the

ecological resilience and this technique was discontinued quickly.

There was a public outcry locally and internationally against the shooting of wild animals.
These concerns led to scaling down of these operations (Tsetse and Trypanosomosis
Commission of Inquiry, 1954). Game elimination continued through the 1960s selectively
and systematically along the tsetse front. Researchers first identified the preferred hosts of
G morsitans and then targeted hosts for elimination. The identified host animals were
kudu, bushbuck, warthog and bushpig. Elimination of these animals occurred within
controlled hunting areas or hunting corridors. A game-hunting corridor had a game fence
on one side and a cattle fence on the other side. The game fence prevented wild animals
from moving into hunting areas while the cattle fence prevented cattle from moving into
hunting areas. Selective hunting of wild animals reduced tsetse blood meals and starved
off tsetse flies in the hunting corridors. The process was slow and positive results came
after a few years (Coulman, personal communication). Pesticide application increased
subsequent to the decline in bush clearing and hunting. Ground spraying of DDT began in
the 60s and was the main method of control until the 80s. There were intermittent aerial
spraying operations during the same period. Control operations where disrupted by the
liberation war and some previously cleared areas, for example, part of Zambezi Valley

Area, where re-infested.



Restrictions on movement of animals, prophylactic
and curative treatment with trypanocidal drugs
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Figure 1. Time line of tsetse and trypanosomosis control techniques used in
Zimbabwe 1910 - 1999

Source: Annual Reports, Tsetse and Trypanosomosis Control Branch (TTCB) 1960
-95

Following national independence, tsetse control progressed through aerial and ground
spraying. Most recently, odor baits and insecticide application techniques have been the
main methods of vector control. Odor-bait techniques -- targets, pourons -- have become
the main techniques used to control tsetse since the mid-1980s (Shereni, 1991; Connor,
1989). The odor-bait techniques are considered to be cost-effective (Barrett, 1997) and to

have minimal direct environmental impacts (Grant, 1998). These technologies have helped

push back the tsetse frontier and also act as barriers against re-invasion.

While much of northern and southern Zimbabwe is climatically suitable for tsetse, today
only small pockets of tsetse remain in the north and northwest areas of the country. The
tsetse population has been gradually eliminated from large parts of the country as control

operations have systematically pushed the tsetse front further north and east. This gradual



expansion of the tsetse-free area provides an opportunity to evaluate the sequence of

impacts that occur after tsetse control.

1.2.2 Disease Control

The Department of Veterinary Services monitor the incidence of trypanosomosis cases in
domestic livestock. Trypanosomosis control measures are both preventative and curative.
As early as 1953, treatments were prescribed to all livestock potentially exposed to disease
risk (Connor, 1989). Administering of treatment occurred in central places and every
communal farmer had to participate. To reduce chances of re-infection, treatment was
administered to all the herds at the same time. The disease can spread from one animal to

another whenever tsetse flies are present.

The standard policy was to administer prophylactics (Samorin) every 3-4 month
depending on the degree of tsetse challenge. After diagnosis, treatment was given to all
positive cases. Treatments were administered before and after tsetse control. Whenever
the demand for treatment over stretched the capacity of the Department of Veterinary
Services, it was economic to bring in vector control so as to reduce the need to procure
and administer drugs. Chadenga (1994) argues that drug use was effective when the
vector was eliminated or reduced to a low level. Treatments were suspending during

vector control in order to evaluation the effectiveness of tsetse control operations.



Monitoring the incidence of trypanosomosis continued after tsetse control in order to

assess the degree of re-infestation.

1.2.3 Regulating Livestock Movements

The general policy of the Department of Veterinary Services was to prohibit domestic
livestock presence in areas with a high degree of tsetse challenge. Free movement of
livestock in and out of fly country increased the probability of spreading the disease in fly-
free areas and increased the demand for treatments. Besides the risk of spreading disease,

domestic livestock movement restrictions prejudiced the success of hunting operations.

Despite the disease risks and fines, immigrants relentlessly brought in cattle and other
livestock (Connor, 1989). Farmers were capable of maintaining livestock under disease
risk through grazing management strategies. Regulating stock movements helped in

keeping the disease at bay.

1.3 Impacts of Tsetse and Trypanosomosis Controls

1.3.1 Statement of Problem
The majority of studies on the impacts of tsetse presence on rural development, including
traditional studies by Ford (1971) and Jordan (1986) focused on how the tsetse challenge

inhibited human settlement and how animal diseases made these areas unattractive for



agriculture led settlement. Proponents for tsetse and trypanosomosis control in Zimbabwe
argue that the presence of vector and disease challenges is a major constraint to livestock

production (Chadenga 1994) and retards rural development (Connor 1989).

In Zimbabwe, it is not well established whether the presence of tsetse flies impedes
immigration of families from less agriculturally endowed areas bordering the tsetse
frontier. Yet tsetse flies and trypanosomosis controls are singled out as the main force
behind the uncontrolled influx of immigrants and livestock into cleared areas. The
contribution of other factors in attracting immigrants in cleared areas is unknown. One
view is that tsetse control eliminates the human disease threat that keep people away from
infested areas. A second view is that the construction of access roads by tsetse control
gangs makes the previously remote tsetse-infested areas accessible to immigrants. A third
view is that since the rise in world cotton lint prices in the 1960s, cotton became an
attractive cash crop. Areas in Gokwe District with alluvial soils were a primary target for

the “white gold rush” Lovemore (1997).

Part of the problem is that most attention is focused on the inflow of immigrants into
Zambezi Valley while no connections are made to address why emigration occurs in other
Communal Areas (CA). Young families who cannot secure individual arable land in their

original settlement areas spontaneously move to other areas where they can earn a



livelihood through farming. Well-established families also move in search of larger

holdings to support their growing families.

What is at work is the process of out-migration from areas bordering Gokwe and in-
migration into Gokwe. The impact on both in-migration and out-migration due to tsetse
control but separate from other factors are unknown at present.-ln addition, the interaction
effects of tsetse control with all other factors are also unknown. Part of the problem is to

separate these effects.

Investment in animal disease control in agricultural frontier areas has potential to
transform the food systems by enabling technological progress and a shift from subsistence
towards specialized production and exchange. It is not clear what impact these
investments had in cattle adoption in Gokwe North District. Conventional wisdom
suggests that the introduction of cattle in previously tsetse-infested belts is associated with
eradication of tsetse flies. The empirical evidence to refute or support such claims is scant.
The problem is that merely clearing an area of tsetse flies does not guarantee farmer
adoption of cattle, especially when credit markets for cattle are non-existent. In addition,
the impact of other factors, including farmer-to-farmer extension, access to curative drugs
for trypanosomosis and the incentives or disincentives for commercialized production, are

not articulated in current debates.



The extent to which animal traction affects farm productivity in this environment has not
been clearly studied. In particular, no study has distinguished the impacts of cattle
ownership versus hiring custom service on factor productivity. The problem is that
ownership of animal traction is highly skewed and improving access to traction services
cannot be completely addressed through extending ownership. If farmers who own animal
traction resources are not more productive than farmers who merely hire a custom service,

a minimum cost strategy may be to improve access to the traction rental market.

The role that investments towards an enabling environment play in socioeconomic mobility
of settlers has previously been neglected. If a presence of high tsetse challenge is a
constraint to rural development as suggested by proponents of tsetse control, the
socioeconomic mobility of settlers would be inhibited without than with tsetse and
trypanosomosis control. Traditionally, pioneers to a settlement frontier are expected to be
relatively wealthy because of a long residential tenure. However, when faced with disease
risk and limited agricultural opportunities, the early arrival premium may be non-existent.
Instead, newcomers who settled after tsetse fly eradication may be progressing up the
social ladder equally fast. The problem is that the early arrival premium cannot be taken as
a given in these circumstances. Whether first settlers and newcomers have progressed

equally over time is not known.



1.3.2 Purpose of Study

The purpose of this study was to generate understanding on the extent to which tsetse flies
are a constraint to agriculturally led development. Such knowledge will help in the
formulation of socioeconomic policies that direct the development of land settlements and

mixed farming systems in tsetse cleared areas.

A good understanding of the motives for out-migration may help in planning alternative
ways to reduce unwanted internal-immigration. Given the limited budget government
operates with, it is critical to understand what public investments are required in order to -
attract additional private investment. An improved understanding of the sequencing of
public and private investments is a pre-requisite in rural development in general and

farming systems development in particular.

Animal traction technology has potential to improve smallholder farm productivity. This
study identifies pathways that can stimulate adoption of this technology. Observing that
adoption of animal traction will not be complete, the study analyzed the potential impact
of improving the traction rental market access on partial factor productivity. An improved
traction rental market may be a feasible short to medium term solution to ownership of

traction animals and equipment in the long run.

10



New settlement frontiers have been perceived to provide a safety net to citizens who have
failed to be absorbed into the labor force. This study will attempt to establish whether
new agricultural frontiers provide an equitable opportunity for socioeconomic
advancement to all settlers and whether voluntary- unassisted settlements can be tolerated

as an equitable redistribution process.

1.3.3 Objectives
The general objective is to investigate the effects of tsetse control on human migration and
livestock adoption and household socioeconomic mobility. The specific objectives are:
1. to identify why families choose to leave their previous residences and settle in
agricultural frontier areas;
2. to quantify the impacts of tsetse control relative to other factors that attract migrants
to frontier areas;
3. to measure the impact of tsetse control, immigration and commercial production
enabling environment on the rate of cattle adoption per ‘village over time and space;
4. to identify the differences in factor productivity between farmers who use and own
animal traction and those farmers who do not own but hire animal traction services; and
S. to measure differences in wealth holding and socioeconomic mobility between different

types of settlers.

11



1.3.4 Hypotbhesis
This study tested several hypotheses. These hypotheses are presented below in an alternate
form. The hypotheses test relationships that I believe exist between tsetse and

trypanosomosis controls and in-migration, livestock adoption and socioeconomic mobility.

1. The distribution of agricultural economic opportunities among the rural districts of
Zimbabwe is in not uniform. I expect economic factors especially access to land
rather than social ties to dominate motives for out-migration.

2 Tsetse and trypanosomosis controls positively contribute to making a site
attractive for in-migration especially when immigrants are moving in together with
their livestock. Everything else being the same, I expect immigrants to settle in
areas controlled of tsetse and trypanosomosis first before choosing tsetse-infested
areas.

3. The availability of infrastructure services including public transport, health and
education services positively contributes to making a site attractive for in-
migration. I expect immigrants to settle in villages with better infrastructure
services first before they settle in relatively remote villages.

4, Tsetse and trypanosomosis controls allow livestock to thrive in areas they would
have perished. Access to curative drugs could be sufficient for the introduction of

cattle in tsetse-infested areas but both tsetse and trypanosomosis controls may be

12



essential for widespread adoption of livestock. Subject to access to drug therapy, I
expect settlers to adopt cattle before active tsetse fly control.

There are cultural differences between indigenous and immigrant settlers in terms
of livestock adoption. Pioneer settlers had relied primarily on manual tillage in
their cropping systems. Cattle had an extremely limited farming role in their
traditional way of life. As a result, I expect newcomer settlers to be an
instrumental force in introducing mixed farming systems to tsetse cleared areas.
Access to animal traction services can be secured through custom hiring. A rental
market enables non-owners to improve their resource productivity. Owing to
excessive demand for custom service, not all those who need to hire these services
get it in time. Everything else being the same, I expect owners of animal traction
services to be much more productive than renters of animal traction service.

The presence of tsetse flies in a settlement area is viewed as an impediment to
economic progress of settlers. Despite being the pioneers, settlers who move in
before tsetse control do not gain much economically because of the adverse
physical conditions in settlement areas. I expect the premium associated with
settlement tenure to be insignificant prior to tsetse control but significant after

tsetse control.

13



1.4 Dissertation Outline

The following chapter describes the research design adopted in this study and provides a
general description of the study sites. This chapter highlights the key variables controlled
in the study and describes the general population characteristics for which results from this

study can be relevant.

Chapter 3 examines the factors that push and pull migration into the Zambezi Valley of
Zimbabwe. Specifically, the impacts of tsetse and trypanosomosis controls are separated
from other factors contributing to immigration into Gokwe North District. A model of the
stock of migration is developed to study the effects on migration due to the interaction

between tsetse control and other factors.

Chapter 4 presents an annual growth model of cattle adoption from 1965 to 1996 for 12
villages in Gokwe North. The role of tsetse control in both the introduction of cattle and
the spread in cattle is evaluated. This chapter also examines the impact of animal traction
on resource productivity and measures the differential impact of animal traction use

between household who own and households who rent-in traction services.

Chapter S discusses the distribution and determinants of wealth among settlers. The
sources of wealth considered are livestock, land improvements and farm equipment assets.

Previous studies focussed on household wealth per se but in this study per capita wealth
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holding is the dependent variable. Based on the evidence, the life cycle and settlement
tenure hypotheses are examined. In addition, this chapter also evaluates socideconomic
mobility of household wealth. A sub-sample of households who settled before 1988 are
the ones considered for this analysis. The livestock and equipment wealth position of the
household in 1987 and 1996 are compared to examine the direction and extent of wealth

mobility.

Chapter 6 provides a discussion of the results, summarizes the conclusions and identifies

issues that require further research.
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CHAPTER 2: RESEARCH DESIGN AND INSTRUMENTS

2.0 Introduction
In this chapter, a description of general physical conditions in study sites is provided. The
study design, the sampling approach and the instruments used to implement the study are also

discussed in this chapter.

2.1 Study Location and Physical Characteristics

In order to focus attention on the effects of tsetse control on migration and livestock
adoption, the study was designed to control for some of the factors that vary across spacé,
especially district government, soil type and rainfall. The study was confined to Gokwe North
District. Gokwe North is located in north-western Zimbabwe. Almost all the district is in the
Zambezi Valley and it is climatically suited for tsetse fly habitat. Gokwe North District was
an ideal site because it had a 25-year history of active tsetse and trypanosomosis controls.
Parts of the district were actively cleared of tsetse since the mid-1960s, while other parts were
cleared as recently as 1995. The gradual expansion of the tsetse-free area in Gokwe North
provides an opportunity to evaluate the sequence of impacts that occur after tsetse control.
Study villages were purposively selected to represent different lengths of time since tsetse

control.

16



Sites were selected from a uniform land class unit. The land class unit had uniform parent
rock material, vegetation characteristics and drainage patterns (Anderson, 1993). Uniformity
of land class unit was important in order to make the impacts of tsetse control on the farming
systems across villages comparable. This land class unit selected was along major river
systems (Ume, Sessame, Sengwa and Gunguwe) where settlement and agricultural production
were first established and most concentrated in the Zambezi Valley. Land in those drainage
areas is comprised of flood plains and terraces of the larger river systems with alluvial and
argillaceous parent material. Soils are moderately well drained, moderately shallow, sandy
clay loam or clay. These soils have high agricultural potential and thus have been an early
destination area for immigrants interested in crop production (Anderson et al 1993). Thé
dominant vegetative characteristic under this land unit is the mature mopane or miombo
woodlands. The vegetation is dense woodland in unsettled areas but wooded grasslands in

sites with active settlement.

2.2 Survey Design
The survey design featured two control variables (1) the period of time since control and (2)
the degree of access to infrastructure services. The design chose to control these variables

in order to measure their effect on performance variables.

The study chose three levels to represent the tsetse control gradient: early clearance (1970 -

1976), mid clearance (1980 - 1986); and late or recent clearance (1984 - 1990). This
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stratification gave a tsetse control gradient with three cluster sites. The period of time since
control was expected to have profound effects on the pace of in-migration, livestock adoption

and farming systems change.

Access to infrastructure and markets were factors that attracted immigrants and affected the
development of farming systems. I expected immigrants to prefer areas with better
infrastructure services, for example, road network, schools and clinics. I also expected
settlers in villages with better infrastructure to have a commercial oriented production system,
for example, a high percentage of cropped area under cotton. The infrastructure parameter
had two levels: villages with the best access to infrastructure and villages with the pooresi

access to infrastructure services as of 1996.

In summary, there were two design factors, one with three levels and the other with two
levels. The design gave six combinations of control period and access to infrastructure: (1)
early clearance with good infrastructure; (2) early clearance with poor infrastructure; (3)
medium clearance with good infrastructure; (4) medium clearance with poor infrastructure;
(5) late clearance with good infrastructure; (6) and late clearance with poor infrastructure.
Selecting two wards in each cluster gave each combination a replication which brought the
total study sites to 12. Figure 2.1 shows the three levels of the time of tsetse control gradient,

the replication at ward level and two levels of infrastructure gradient.
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Time Gradient of WARDS VILLAGES

tsetse control Uniform Land Class Infrastructure service access
Unit
| Good (Tofe) |
Gored | Goredema |
redema Poor (Nyika
Cluster A | (Nyika) |
Early Clearance
(1970 - 1976) [ Good (Nevana) |
| Chireyalll |
ﬁ’oor (Nyahomba) ]
| Good (KakwariI) |
Mashame Cl [ Gumunyu IV |
e Cluster P akwari
B Mid Clearance [Poor (Kelowaril) |
1980 - 1986
( ) [ Good (Nechinyika) |
[ Nechinyika |
| Poor (Mayava) |
Good (Chirudz)
Madzi id Madzivazvido
adzivazvido
Cluster C Poor (Kwaedza)
Late Clearance
(1984 - 1990) Good (Ntamo 1)
Nenyunga
Poor (Chirisa)

Figure 2.1 Sample Stratification in the Socioeconomic Impact Assessment of Tsetse and
Trypanosomosis Control Survey
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2.3 Sites and Household Selection

A five-stage stratified sampling procedure was adopted to select study sites within Gokwe
North. The sample stratification is shown in Figure 2.1. The first stage involved the purposive
selection of the three cluster areas representing a gradient of time since tsetse control. Once
the cluster areas were identified, sites within a similar land class unit across the gradient were
targeted for further selection. During the second stage of sampling, two wards (local
government units) within the same land classification were selected from each cluster area.
Selection of two wards gave the study an opportunity to identify any differences in local
administration that could have affected migration and settlement. Two wards also improved
representativeness within the cluster. During the third stage, two villages were purposively
selected from each ward: one village had the best access to services and the other had the
poorest access to services at that time. Villages, also referred to as VIDCOs or village
development committee areas, are the smallest local administrative unit. Important services
targeted in the selection criteria included access to public transport, primary schools and
health centers. During the fourth stage, a random sample of households was drawn from the

population of each selected village.

The study randomly selected a sample of forty households from a village population list. I
used registers of village leaders and extension workers to compile a village population list.
I conducted random selection of households during village meetings that village leaders and

other villagers attended. I purposively included village heads in the sample in order to
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guarantee popular participation but I excluded them from the analysis. As leaders, village

heads exerted much influence, and made a difference between success and failure of the study.

2.4 Tsetse and Trypanosomosis Control Operations in Cluster Sites

The study selected three cluster sites along the tsetse control gradient. Cluster A is a site
known as Goredema, Cluster B is Mashame and Cluster C is Madzivazvido. In Goredema,
active tsetse and trypanosomosis controls started around 196S. Tsetse control started with
selective game hunting. Ground spraying of tsetse with DDT commenced in 1970 until 1976.
Although there were positive infection cases in Goredema from 1980 to 1983, the disease risk

was low.

In Mashame, strategies used to control tsetse were selective game hunting in the 70s, ground
spraying from 1980 to 1986 and use of odor baits in 1990. Odor baits were planted along the
district northern border to provide a barrier against re-invasion. Trypanosomosis control

efforts started around 1983 and continued during and after tsetse control.

In Madzivazvido, control operations included use of aerial spraying from 1983 to 1984.
Ground spraying followed thereafter in 1986/87 in areas where tsetse continued to present
problems. In Madzivazvido, planting of odor baits occurred in 1988 but were removed in
1990. Trypanosomosis control efforts started before 1983 and continued well after tsetse

control campaigns.
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2.5 Survey Instruments
I used questionnaires to collect household-level data. The study had four questionnaires,
hence multiple visits were done. I supplemented household survey data with structured

interviews with local administrative and traditional leaders, civil servants and business

entrepreneurs.

The first questionnaire focused on effects of tsetse controls on livestock adoption and human
migration. This questionnaire addressed issues pertaining to in-and-out migration, and how
tsetse control affected the numbers and species oflivestock kept by existing residents and that
new immigrants brought with them. Interviews on this questionnaire started in March until

May, 1996.

The second questionnaire addressed the indirect impacts of tsetse control on crop production.
The questionnaire focused on assessing differences and similarities in crop production among

existing residents and immigrants. Household visits happened from June to July, 1996.

The third questionnaire focused on two issues. The first focus was on soliciting perceptions
about the incidence of the utility and disutility of tsetse control. The second focus of the
questionnaire determined the conditions under which households had access to land-based

resources. Interviews started in August until October 1996.
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The fourth and final questionnaire addressed issues pertaining to households’ aspirations and
desires to expand and improve their arable and residential plots. Household visits were from

November 1996 to January 1997.

I hired enumerators to administer these questionnaires. Enumerators were high school
graduates and were resident in the village they worked. I shared the responsibility for
selecting enumerators with village leaders. Village leaders and agricultural extension workers
participated in the selection so as to increase the chances of respondent cooperation during
interviews. By engaging local leadersin this process, they accepted the responsibility of solve
potential problems between enumerators and respondents. There was one case of enumerator

turnover during the survey.
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CHAPTER 3: THE IMPACTS OF TSETSE CONTROL ON IMMIGRATION

3.0 Introduction

Migration is one of the most important factors shaping processes of change and development
in agricultural frontier areas. In this chapter, the factors that push people from older settled
areas and pull migration into the Zambezi Valley of Zimbabwe are examined. Specifically,
the impacts of tsetse and trypanosomosis control from other factors contributing to
immigration into the Gokwe North District of the Zambezi Valley are separated. A model
of the stock of migration was developed and estimated using survey data collected from 482
households in 12 villages having different experiences with tsetse control. The results suggest
that emigration from source areas is primarily motivated by desires to gain greater access to
agricultural land. Although it started before tsetse control was undertaken, immigration into
destination areas was accelerated by public investments in tsetse control. The establishment

of roads and markets also had significant impacts on the rate of immigration.

This chapter seeks to accomplish two objectives. The first objective is to understand why
families choose to leave their previous residences and settle in agricultural frontier areas. The
second objective is to quantify the impacts of tsetse control relative to other factors that

attract migrants to frontier areas.
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3.1 Modeling Immigration Stocks and Flows

3.1.1 Background and Relevant Literature

Economic models of migration assume that potential migrants will move from one location
to another in order to maximize the expected net present value of their earnings, subject to
budget constraints and the costs associated with migration. An implication of this individual
behavior is that there will be net immigration into areas with high expected earning potential
and net emigration from areas with low expected earning potential. The Hecksher, Ohlin and
Samuelson trade model suggests that a region with relatively abundant labor will export that
factor to a labor-deficit region until the wage rate equalizes across regions. Land-abundant
areas with low population densities and labor-abundant areas with high population densities
stand to mutually benefit from the flow of immigrants to the land-abundant area (Borjas

1988).

There are at least four additional factors that have been shown to affect migration patterns:
(1) the monetary and psychological costs associated with migration; (2) the quantity and
quality of the public amenities available in both source and destination areas (Diamond and
Tolley 1982); (3) the institutional and legal procedures affecting migration (Pessino, 1989);
and (4) civil unrest and war. High monetary and / or psychological costs associated with
migration will reduce expected net earnings and utility in potential destination areas and

potential source areas.
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Public amenities that are purely consumptive can also affect the comparison of source and
destination areas; potential migrants may be willing to accept lower earnings to increase their
access to superior consumption amenities (Carlino & Mills, 1987; Knapp & Graves, 1989;
Mathur, 1988). Public amenities that are more productive — for example, tsetse control,
markets, roads, communication infrastructure — will affect migration through expected
earnings. Here the study hypothesizes that the main impact of productive amenities like tsetse
control and roads is to raise earning potential and thus make the area more attractive to
potential migrants. Tsetse control will affect expected earnings for households that currently
own livestock, for households that intend to own livestock, or for households that intend to
employ livestock in their farming operations. A priori, however, there is no clear causal
relationship between immigration, tsetse control and the establishment of other public
amenities. There are at least four non-exclusive possibilities: 1) Public amenities may be
developed in anticipation of immigration and the prior location of public amenities may make
an area attractive for new immigrants; 2) The agencies that plan the development of public
amenities may respond to the presence of large numbers of new immigrants; 3) The agencies
that plan tsetse control may respond to the needs of large numbers of new immigrants with
infected animals; and 4) Tsetse control may be a keystone public investment that leads both

private migration and the public development of other public amenities.

War can affect migration in several ways. What is commonly observed is the involuntary

displacement of war victims who are resettled outside battle-fronts. Rohrbach’s study of the
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determinants of growth in smallholder maize production in Zimbabwe found lower than
average growth of smallholder farmers (2.5% per annum) during the peak of violence (1976
to 1979). As the war wound down in late 1979, households, especially young ones, “took
advantage of this period of flux to move away from their parents and establish independent
farms ... voluntary resettlement was substantially greater than that made necessary by the
war” (Rohrbach 1989). The growth in maize production, dubbed Zimbabwe’s Green
Revolution by Eicher and Rukuni (1995), was due to an expansion of total maize acreage as
abandoned land, new land and part of the former grazing land were planted with maize

(Rohrbach 1989).

Rural instability associated with war increases mobility and adaptation costs. During the civil
war in Zimbabwe, the provision of all public amenities including tsetse and trypanosomosis
control was hindered by the increasing security risk for public officers. Thus we expected a
large increase in immigration into the Zambezi Valley after 1979 due to the transition from

war to peace.

Prior to this study it was proposed that sequential migration — movement from a source area
to a destination area and then on to another destination area — was an important phenomenon
in the Zambezi Valley of Zimbabwe. Pessino (1989) argues that the more sound the basis of
information for the initial move, the lower the propensity for subsequent migration. Ina study

he conducted in Peru, Pessino found very little sequential migration. The cost of establishing
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a new residential site and clearing land for cropping may have been the major disincentive.
To avoid losses associated with the abandonment of such sites, immigrants invested a great

deal of time gathering information about potential settlement sites from friends in those sites.

The conventional wisdom on internal rural migration in Zimbabwe is that tsetse control causes
migration into the Zambezi Valley. Lovemore (1997) points to population growth in rural
areas outside the tsetse belt as the cause of immigrant inflow to tsetse cleared areas. The
Government of Zimbabwe does not have a clear-cut policy on spontaneous and unassisted
internal migration. While the Government does not actively encourage voluntary internal
migration, it does indirectly support migration through its policy of granting 5 hectares of
arable land to new immigrant families. Immigrants are, however, perceived by the local media
to be “looters” of land resources (The Herald, 4 May 1996) and contributors to leadership

wrangles in local politics.

3.1.2 Foundations of Immigration Growth Model

Immigration into a particular area can be conceptualized as a stock variable. The stock of
immigrants is the total number of immigrants in a particular village at a particular time. Here
the study denotes the variable M,, as the cumulative number of immigrant families in a village
i, at time 7. For example, when ¢ = 1990 and i = 10, M,, was 14. The number of immigrant

families who settle in the village during a particular year is the flow of immigrants. The stock
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and flow variables were determined by aggregating the responses immigrant settlers gave

when asked “Which year did you establish you first settlement in this village?”

Empirical research on the determinants of migration involves estimation of an exponential
equation with the stock of migrants as the dependent variable and independent variables such
as time as exponents (Schutlz, 1982). The generalized form of an exponential function is
given by equation (3.1):
y = ab” 3.1

where a and c are "compressing" and "extending" agents, respectively.
With base e in exponential function, the function of cumulative stock of migrant settlers
becomes equation (3.2),

M, = Ae™* (3.2)
Where 7 is a constant - the instantaneous rate of growth of migrants in the village at any given
time and u is the random error term. In logarithmic form, the model is given by equation
(3.3),

InM,=InA + rt+u. (3.3)
The variables that either compress or extend this function are described in the following

subsection.
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3.1.3 Specification of the Empirical Model

The following variables were included in the model as independent variables for explaining
the stock of migrants in each village per year. Some of the other variables that might also be
important, e.g. soil fertility and potential yields, were held constant by the design of the

sample selection procedure.

Tsetse Control: This variable measures the periods with tsetse control, denoted by a value
of one, and periods without tsetse control, denoted by a value zero. A continuous measure
of the prevalence of both tsetse and trypanosomosis was hard to capture for each site. I
expected that the growth of the immigrant population would be higher during periods of
tsetse control than during periods without tsetse control. If immigrants anticipated tsetse
control in a particular area, the rate of immigration into that area could have been affected
before active control began. However, if immigrants were only reacting to actual control, the
flow would be significantly affected only after tsetse control. It is also possible that
immigrants were reacting to disease control in anticipation of disease control. Tsetse control
is a productive public amenity that has the potential to increase livestock productivity, and

through draft power, the crop productivity for individual farmers.

Cotton / maize price ratio: The ratio of the real price of cotton relative to the real price of
maize (1970 = 100) for maize and cotton traded in Zimbabwe’s central market was included

in the model. This variable is a proxy for expected earning potential in both destination and
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source areas. In both the source and destination areas, cotton is the main cash crop and maize
is the main subsistence crop. Everything else equal, an increase in the cotton / maize price-
ratio indicates an increase in potential earnings for food-secure households that produced
cotton and enough maize to meet household subsistence requirements and a decrease in
potential earnings for households that did not produce cotton and produced more maize than
they consumed. A positive relationship between the price-ratio and the rate of migration into
destination areas would imply that food-secure households moved in response to expectations
of better opportunities to produce cotton, while a negative relationship would imply that
food-insecure households moved in response to expectations of better opportunities to

produce maize.

Access to Schools: This variable measures access to primary schools. When a school was
accessible within an eight-kilometer radius, the variable was given a value of one, otherwise
it was given a value of zero. The study expected migrants to be more attracted to areas with
good access to schools. Eight kilometers is an estimate of the maximum distance that people

might walk each way to a school, clinic or market and return home within the same day.

Access to Clinics: When a clinic was accessible within an eight-kilometer radius, this variable

was given a value of one, otherwise it was given a value of zero. Migrants are expected to

be more attracted to areas with good access to clinics.

31



Marketing Costs: This variable measures access to a central marketing depot; one denotes
the presence of a marketing depot within 60 kilometers, zero indicates no marketing depot
within 60 kilometers of the village. Better access to marketing depots reduces marketing
costs through reductions in freight charges and creates greater market stability. The study

expected immigrants to be more attracted to areas with better access to markets.

Transportation Costs: Roads and public transportation facilities make rural areas more
accessible for settlement by migrants. The effect of a road is to reduce costs the costs
associated with migration into an area as well as the costs of purchasing inputs and selling
outputs. Areas with bus stations within a radius of eight kilometers were considered
accessible and denoted by a value one; otherwise they were given a value of zero. The study

expected migrants to be more attracted to areas with lower transportation costs.

Time Trend: The flow of migrants into villages v?as different at different times. The dependent
variable and one of the independent variables, purchasing power, have trends. A time variable
was included as an independent variable to account for the trend effect in the other variable#.
The study hypothesized that the growth rate of migrant settlers would be positive and

accelerated by tsetse control.
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The estimated immigration function is equation (3.4):
rT +aL +bY +cD

M;s = Pie i j ok (3.4)
where:
itheward=1,....6; ¢ the period =1,...,35 years; j the amenity type = 1 (roads and
transport), 2(markets), 3(schools), 4(clinics); and kexperience with tsetse control (1
with and 0 without tsetse control)
M, = the stock of immigrants in village i during year t
P, = the earnings ratio
T = time trend
r = rate of instantaneous growth in immigration
a = percentage difference in immigration stock in different locations
L = ward location
b = percentage difference in immigration stock with and without access to amenity
Y= type of amenity

c = percentage difference in immigration stock with and without tsetse control
D= with and without tsetse control

3.2 Extent of Immigration in Study Sites

Of the 482 sample households in 1996, 43% were indigenous residents, 28% were second-
generation immigrants and 29% were first-generation immigrants (Table 3.1). Significantly,
all of the village heads were indigenous residents. Indigenous residents are households in
which the parents of the household head grew up in the area and established their first
homesteads in the study sites. Second-generation immigrants are households in which the
parents of the household head immigrated into the area and established households. First

generation immigrants are households that left earlier settlements outside of the study site to
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establish new settlements in the study sites. The results presented in this chapter focus

primarily on first-generation immigrants.

Table 3.1: Distribution of first and second generation immigrants and indigenous
residents in Gokwe North, Zimbabwe, 1996

Household Group No. households % of Total
First generation immigrants 142 29
Second generation immigrants 133 28
Indigenous residents 207 43
Total sample 482 100
Village heads — indigenous residents 55

Source: Socioeconomic Impact Assessment of Tsetse and Trypanosomosis Control
Surveys, Gokwe North, Zimbabwe, 1996-97

Table 3.2 indicates the number of first-generation immigrants in each village and the time
period during which they moved into the village. The results indicate relatively slow and
steady immigration to the area between 1966 and 1980 when 18% of the first-generation
immigrants moved to the area. Total immigration peaked between 1981 and 1985, that is,
immediately after Zimbabwe achieved political independence after several years of civil war.
Twenty-eight percent of the first-generation immigrants indicated that they moved to the area
during that 5-year period. Immigration remained fairly high thereafter with 21% of first-
generation immigrants arriving between 1986 and 1990 and another 21% arriving between

1991 and 1995.
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Table 3.2: The Inflow of Immigrants into Villages 1965 - 1995, Gokwe North,
Zimbabwe, 1996

Period
Village <196 66-70 71-75 76-80 81-85 86-90 91-95 Total

Tofe 6 i 0 0 0 0 0 1
Goredema 3 3 0 1 5 1 1 14
Masvingo 0 1 2 8 6 1 3 21
Nyahomba 2 1 0 0 2 0 0 5
Kakwari I 0 1 1 1 8 0 3 14
Kakwari I 1 1 1 1 9 4 3 20
Nechinyika 1 0 1 0 2 4 1 9

Mayava 0 0 0 0 7 1 0 8
Chirudzi 0 0 0 0 1 6 7 14
Kwaedza 1 0 1 0 4 6 7 19
Ntamo 2 0 0 0 0 0 0 2
Chirisa 1 1 0 0 1 7 4 14
TOTAL 11 9 6 11 45 30 29 141
(Note: The shaded cells indicate periods of active tsetse control in each village.)
Source: Soci ic Impact A of Tsetse and Trypanosomosis Control

Surveys, Zimbabwe, 1996-97

Table 3.3 presents information on the provinces from which people emigrated to Gokwe
North. All but one of Zimbabwe’e eight provinces were source areas for migrants to Gokwe
North. The exception, Manicaland, is on the eastern border and is the furthest province from
Gokwe North District. Otherwise there does not appear to be a strong relationship between

number of migrants and distance from source to destination. About 45% of the migrants
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were from Masvingo Province, about 450 kilometers from Gokwe North, and another 45%

were from Midlands Province, about 270 kilometers from Gokwe North.

Table 3.3: Provinces where Migrants Emigrated, Gokwe North, Zimbabwe, 1996
No. of Immigrant Families From Each Province

Settlement timing Mashonaland Matabeleland Masvingo  Midlands
Before tsetse control 2 1 13 11
During tsetse control 4 3 23 17
After tsetse control 11 4 22 31
All time periods 17 8 58 59

Source: Socioeconomic Impact Assessment of Tsetse and Trypanosomosis Control
Surveys, Zimbabwe, 1996-97

Table 3. 4 presents the reasons given by first-generation immigrants as to why they moved.
Most moved voluntarily. Thirty-five percent said that they moved because their farms were
too small,17% had no farms, and 26% said that the soils in their original locations were

infertile and needed large inputs of fertilizer and manure.
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Table 3.4: Reasons Why Migrants Choose to Emigrate From Their Areas of Origin
Before, During and After Tsetse Control into Gokwe North, Zimbabwe, 1996

Reason for moving from original settlement Before During After
(Number in parenthesis is %)

My arable plot was too small for my needs 10(38) 15(32) 25(4)
I did not have an arable plot of my own 4(15) 9(19) 11(17)
The soil had poor fertility 6(23) 15(32) 16(25)
I was forced to move by government 2(8) 1(2) 1(2)
The area was highly susceptible to droughts 0 2(4) 5(8)
It was difficult to get services 0 2(4) 0
I was running away from tsetse 1(4) 0 3(5)
I got married here 14) 0 0
I divorced and moved here 0 0 2(3)
I was running away from witchcraft 1(4) 0 0
I was accused of being a spy during the war 1(4) 3(7) 0

MISSING CASES 1 0 5
TOTAL SAMPLE 27(100%) 47(100%) 68(100%

Source: Socioeconomic Impact Assessment of Tsetse and Trypanosomosis Control
Surveys, Zimbabwe, 1996-97.

A minority of households felt that they were forced to move. Four of the 141 households
were evicted from original settlement. Two female-headed families moved back to their
parents’ villages after divorcing their husbands. Four households that immigrated before
and during tsetse control were expelled from their former villages because they were
accused of being spies during the war of liberation. Four more households migrated to

tsetse controlled areas to escape tsetse flies.
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Table 3. 5 shows the amount of sequential migration, distinguishing between immigrants
who moved within the same village or ward in which they originally settled, and

immigrants who moved between wards.

Table 3.5: Frequency of Sequential Migration Within and Between Wards Before,
During and After Tsetse Control, Zimbabwe, 1996

Radius of sequential migration Before During After
Within present ward Yes 14) 0 3(5)
No 26(96) 47(100) 64 (95)

Total  27(100 47(100) 67(100)

Between wards Yes 5(23) 51 5(8)
No 22(77) 42(89)  62(92)
Total 27(100 47(100) 67(100)

Primary reason for moving

Wanted more land

Poor relations with neighbours

Dispute in land ownership

Problem getting water for domestic use
Could not keep cattle due to tsetse
Wild animals caused havoc

Inadequate pasture land

Services were far away

Total

WO —m O © © = O =
N et et e e O O O =
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Source: Socioeconomic Impact Assessment of Tsetse and Trypanosomosis Controls,
Gokwe North, Zimbabwe, 1996-97
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Of the 141 first-generation migrants, only four reported that they had moved within the
same village or ward, while 15 reported that they had moved between wards within
Gokwe North. Availability of land and disputes over available land were the main reasons
given by respondents for their sequential migration. Most of the migration within ward
occurred after tsetse control had been established in the ward area but most migration

between occurred before tsetse control.

Table 3.6 shows the time period during which different types of public amenities were
established in the study sites relative to when tsetse control occurred and the period of
greatest immigration. Generally, the initiation of tsetse control predated public

investments in infrastructure for villages in which tsetse control began before 1985.

In the four villages in which tsetse control began in 1985, tsetse control began in the mid-
range of all public infrastructure. In general, most public amenities were in place before

the period of greatest immigration.

The order in which amenities were established varied somewhat across villages. In the
villages with the earliest tsetse control, most of the public amenities were established at
about the same time, six to ten years after the initiation of tsetse control. This reflects the
strong central planning approach to development adopted by the pre-independence

government of Zimbabwe. Few amenities were established between 1972 and 1982,
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probably due to the civil war that dominated events during that period. Since 1982, the

pattern of development has been somewhat more haphazard. At the time of the survey,

four of the villages had no clinics and two had no schools.

Table 3.6: Sequence of Establishing Services in Study Sites, Gokwe North,

Zimbabwe, 1996
Village by Year public amenity was established Peak Flow
Name  “Cinic  Schoof Roads® Marker Clearance’  Of Migrants
Goredema 1972 1972 1972 1972 1966-75  1966-70
Tofe 1972 1972 1972 1972 1966-75 1981-85
Masvingo 1982 1972 1972 1982 1972-76 1976-80
Nyahomba 1982 1981 1987 1982 1972-76 1981-85
Kakwari I 1982 1972 1967 1992 1975-88  1981-85
Kakwari II None 1987 1972 1992 1975-88 ~  1981-85
Nechinyika 1983 1987 1967 1982 1981-88 1986-90
Mayava None None 1982 1992 1981-88 1981-85
Chirudzi 1987 1963 1993 1982 1976-94 1991-95
Kwaedza None None 1987 1982 1976-94 1991-95
Ntamo 1987 1963 1987 1982 1983-92 <1966
Chirisa None 1994 1987 1982 1983-92 1986-90

*Clinics and schools are accessible within an 8-km radius® Primary roads open to buses

and trucks © Marketing depots are within a 60 km radius ¢ Years of active tsetse control
Source: Socioeconomic Impact Assessment of Tsetse and Trypanosomosis Control
Surveys, Zimbabwe, 1996-97
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3.3 Relative Impacts of Tsetse Control on Immigration

The migration data discussed above were used to develop a variable measuring the stock
of first-generation migrants in each village for each year (M,,) between 1963 and 1995.
The dependent variable had 396 observations, representing 33 periods in the 12 villages.
Similar variables were specified for all of the explanatory variables presented above. All
of the explanatory variables were included with interaction terms to allow for different

effects before and after tsetse control.

The results presented in Table 3.7 show that the model has good overall explanatory
power, explaining 68% of the variation in the stock of migrants. The strong F test shows
the significance of the overall model. The results for each explanatory variable are

discussed in turn hereafter.

Constant: The estimate of the constant shows the expected stock of first-generation
immigrants prior to 1966 was 3.3. Across the 12 villages, this represents 28% of all first-

generation immigrants in the villages at the time of the study.

Ward effects: Villages in the ward that had experienced tsetse control more recently had a

higher proportion of immigrants than other villages prior to tsetse control. The preference

for newer settlement frontiers suggests immmigrants anticipated control in the areas they
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moved into. There were no systematic differences between the stock of immigrants in

villages. This reflects an absence in control gradient preference after tsetse control.

Table 3.7: Determinants of the stock of first-generation migrants in 12 villages of
Gokwe North District, Zimbabwe, between 1963 and 1995

Explanatory Variables Parameter Estimates
Without Tsetse Control ~ With Tsetse Control

Constant (Ward 6: recent 3.3014** -.3828
Ward 5 (less recent control)LS -.4485** .0432
Ward 4 (mid control)L4 -.7036** -.2243
Ward 3(mid control)L3 -.4810** .6978
Ward 2 (early control)L2 -.2977** .6546
Ward 1 (early control) L1 -.5422%* -.0657
Cotton/Maize Price Ratio (R) .0231 -3311**
Time trend (T) .0148 .0366**
Access to Markets -.0359 3183%*
Access to Public Transport .8600** .5457**
Access to Schools -.4593** -.2479%*
Access to Health Centers - -.1386

**p<005 R2=0.68 F=39.1

Source: Socio-Economic Impact Assessment of Tsetse and Trypanosomosis Control
Surveys, Zimbabwe, 1996-97

Growth rates: The instantaneous growth rate of immigrant households was positive with
or without tsetse control. With tsetse control, the effect of an additional year on the stock

of migrants was to increase the stock by 3.7%. Without tsetse control, the effect of an

additional year on the stock of migrants was to increase the stock by 1.5% per year.
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