W Lo 05/—-

T Thayer Scudder

ENT California Institute
NAL E"EVE‘LQPI-‘F of Technology

ECOLOGY AND DEVELOPMENT: THE KARIBA LAKE BASIN:l

L rhis paper is based on information gathered by my colleague,
; Dr. Elizabeth Colson, and myself in 1956-57; 1962-63; 1965 and 1967
i as part of our long-term study of those Gwembe Tonga who were re-
located in connection with the Kariba Dam scheme. The first two
‘\ . studies were sponsored by the Rhodes-Livingstone Institute, now
the Institute for Social Research_ of the University of Zambia.
Thsugh the Institute also provided assistance land hospitality
during our more recent restudies, Dr. Colson's six-week visit in 1965
was financed with a grant from the Social Science Research Council,
while my four-month visit in _1967 was financed partially by the Food
and Agriculture Organization of the United Nations, with the rest
| of my support being provided by the California Institute of Technélogy.
\
; ! : ' From the very beginning,& most of our research has been carried out
A e within Gwembe District on the north bank of the Zambezi, although
we also visited the Southern Rhodesian portions of the Middle Zambezi
Val}ey in 1957 and 1963. Except where otherwise mentioned, however,
the analysis in this paper relates to that portion c;f the Kariba Lake

Basin and hinterland which lies in what was formerly Northern

Rhodesia and is now the Republic of Zambia, The author takes 501$L1‘i

use©

responsibility for all views expressed. ' T,
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INTRODUCTION

The formation of Lake Ka;-iba in Central Africa began on
December 2, 1958, when the slp.ice gates of the first dam across
the Zambezi were closed. During the next few weeks the water
rose rapidly, with deserted villages 100 feet above the normal river
level inundated within two months. The subsequent rise was more
gradual with the encroaching water not reaching the proposed shore
line until the middle of 1963. With a storage capacity of approx-
imately 130 million acre feet and a surface area of over 1700 square
miles, the new reservoir was by far the largest manmade lake in
the world. The first of the major African impoundments, its cre-
ation also initiated a trend which can be expected to play a major
role in altering portions of the African landscape as well as the
lives of millions of people.

Since the completion of the Kariba Dam, approximately
75,000 people, or one per cent of the population of Ghana, have
been relocated in connection with the Volta Dam at Akosombo.

In Egypt and the Sudan, over 100,000 people have been shifted as a
resulf of the Aswan High Dam. When filled, the lakes backed up
behind these dams will each have a surface area half again as large
as that of Lake Kariba, although their storage capacity will be
slightly less. Looking to the future, we can expect all of the major

African rivers, as well as many of the lesser ones, to be dammed
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within the next generation. At Kainji in Northern Nigeria, the first
dam on the Niger was sealed this year. Some 500 square
miles in surface area, the new lake will proﬁably fill within a single
year, flooding an area which formerly contained the residences of
approximately 50, 000 people. " In the Ivory Coast, construction on
the Bandama Dam will begin early in 1969. Elsewhere, surveys
currentlyl being undertaken on other river systems, including the
Senegal, Mono (Dahomey-Togo), Congo, Tana (Kenya), Kafue
(Zambia), and Orange (Southern Africa), can be expected to lay the
basis for new dams. With only a few exceptions, new construction
can be expected to lead to the inundation of large areas and the re-
location of thousands of people.

The creation of major manmade lakes in Africa presents the
scientist with an exceptional research opportunity. Provided ap-
propriate studies are made before, during and a.fte_r inundation, the
impact of flooding on the physical and biotic environment, as well
as on the lifeways of the associated human populations, can be
monitored. Dam construction and population relocation, for ex-
ample, accelerate change in certain areas of human behavior.
During the months preceding and following resettlement, relocation
also increases physiological, psychological, social and ideological
stress among the populations involved.l The behavioral scientist
who wishes to study this change, and to learn how the population

attempts to manage the accompanying stress in adjusting to a new

See Scudder, 1968.
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habitat, is presented with what amounts to a quasi-laboratory situ-
ation. While obviously it is not possible to repeat the process of
lake formation and relocation in the same area, it is possible to
choose another river basin where approximately the same sequence
of events is about to occur and to observe therproces ses of change
there. Provided the studies involved are properly designed, ex-
ecuted and analyzed, it is my belief that they can make a major
contribution to our understanding of human behavior.

While manmade lakes research in a wide range of disciplines,

including meteorology, geophysics, hydrology, limnology and the
biological and social sciences can make major contributions to our
understanding of what occurs when extensive areas are inundated,
they also have important implications for regional development
which could raise the living standards of millions of Africans.

While the primary purpose of African dam projects is usually the
provision of hydroelectric power, they also provide an opportunity
to improve flood control and transportation, and to develop river
and lake basins by realizing a program which could include, for
example, agriculture and fisheries, conservation areas and national
parks, tourist and recreational facilities, and residential and in-
dustrial townships. To date, this opportunity has only been partially
realized. Though the reasons involved are many and lie beyond the

s : - ; .
scope of this paper, it is obvious that one basic problem concerns

See Scudder, 1966a.
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our lack of knowledge of the ecological implications of large-scale
manmade lakes as they relate to the development of the lake basin
;dnd its hinterland. In this pa,perr I ;hodd like to review some of the
events that accompanied the filling of Lake Kariba and comment on
their implications for the livesvof the residents of the area.

There is also another type of problem which I wish to stress,
which relates to our inability to relate current ecological knowledge
to human populations, in this case the 50, 000 people relocated in
connection with the Kariba scheme. While it is true that no eco-
logical surveys of the lake basin or the relocation areas were in-
itiated, let alone completed, prior to the decision to proceed with
the construction of the dam in 1955, it was known that there was
insufficient land, under the present sysiem of agriculture, for the
approximately 29,000 Tonga-speakers who required relocation on the
north bank of the Zambezi. It was also known that tht;::ir preseﬁt
agricultural practices would lead to serious erosion along the tribu-
tary systems and inland degradation unless certain changes were
made. While those changes suggested by government personnel
made sense ecologically, they were unacceptable to the Tonga, so
that today the type of erosion and degradation that was predicted is
occurring in a number of areas. The problem arises from the fact
that the land management system proposed by the agriculturalists
was incompatible with the farming system and current values of the

Tonga. For this reason the current predicament was quite
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predictable. What was needed from the beginning, and is still needed,
was a compromise system which would not only be acceptable to the

Tonga, but also would make sense éc‘ol'ogically.




ECOLOGICAL ASPECTS OF THE LAKE KARIBA FISHERIES

Since this topic has already been well documented in the
literature, my intention in this section is to briefly summarize the
situation, while referring the interested reader to more detailed
sources. . On the north bank the first Tonga began to fish the lake
with gill nets as soon as impoundment began. Within a year a
government survey reported 407 fishermen with this number in-
creasing to over 2000 in 1962. Using over 4000 gill nets, they
caught an estimated 3000 short tons of fish during the year, with the
1963 estimated yield being nearly 4000 short tons. Throughout this
rapid buildup, the Provincial Administration and the Departments
of Fisheries, Forestry and Community Development played an im-
portant role. . In 1964, however, annual production dropped sharply
(to 2100 short tons), and since then production has continued to drop,
with the lake supporting under 500 fishermen during 1967. The
reasons behind this decline are not connected with the fishing in-

dustry as such. Rather they are of a primarily ecological nature.

Fish populations: distribution and density

Before Kariba, the free-flowing Middle Zambezi was poor

in fish species, Jackson/listing 28 as opposed to over 100 observed

For a recent, though brief, review on which I have drawn
heavily in parts of this section, see Coulter, 1967.

This is described in Scudder, 1965, which deals with the
development of the Kariba Lake fisheries through 1963.
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on the Middle Niger within the area to be flooded by the Kainji Dam.
Furthermore, owing to a difficult environment with a short breeding

season and predation by the Tiger fish (Hydrocynus vittatus), es-

pecially during the period that the Zambezi was restricted to its
primary channel, the density of most species was low.

During the years immediately after impoundment, a much
more favorable environment prevailed. Not only were predators
dispersed, but herbivores profited from a greaﬂy increased food
supply including flooded vegetation in the shallower waters and a
bloom of phytoplankton. According to Coulter, not only were the
1958-59 and 1959-60 breeding seasons apparently longer, but sur-
vival rates among fry were ''very high." As they matured, it was
these that formed the basis for the new fisheries rather than suc-
ceeding generations in which recruitment was lower. Aside from
the chemical and biological stabilization of the lake, which could
have led to a reduced biomass after the termination of bloom con-
ditions, the reasons behind this drop in productivity are not clear.
There are a number of possibilities of which several are probably
significant. One is a buildup in the numbers of Tiger Fish so that
today, as predators, they may play the same role as they did in the
undammed river. Another is that commercial species may have
moved to a greater extent into shallow uncleared areas (see below)

or into deeper uncleared waters which formerly were deoxygenated
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1
to a greater extent. Yet another reason concerns the ecology of
the most desirable species in the lake fisheries. This is a riverine

ciclid, Tilapia mortimeri (formerly T. mossambica), which may be

unable to adjust to lacustrine conditions. Regardless of the reasons,
however, production has dropped. As for Tilapia catches, they "'have
consisted mostly of larger fishes each year, with relatively very

little recruitment of smaller sizes, and the fishery apparently depends
upon the successful gelnerations spawned between 1958 and 1960."

(Coulter, 1967)

F'ish Populations: Stocking

In hopes of building up a lacustrine population of Tilapia,

28 tons of T. macroshir were stocked between 1959 and 1962. To

date there is little evidence of success with only the occasional
macroshir being caught either by fishermen or Department of Fish-
eries personnel. More recently, the UNDP-FAO-Zambian Central
Fisheries Research Institute has initiated a program to stock the

lake with the Lake Tanganyika sardine (Limnothrissa miodon),

along with other species, such as a fresh-water shrimp and a Nile

perch (Lates sp), necessary for the creation of an open-water

. In 1960 a thermal discontinuity formed at about 30 meters

depth, below which deoxygenation occurred as the result of the de-
composition of vegetation on the lake bottom, oxygen being replaced
by high concentrations of hydrogen sulphide. In recent years, the
degree of deoxygenation has grown less while concentrations of hy-
drogen sulphide are ''now found only in the deeper, bottom valleys
towards the end of the annual stratification period' (Coulter, 1967).

For more cetailed information on the hydrology of Lake Kariba, see
Harding, 1966.
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community. Needless to say, this is a long-term and hazardous
enterprise which may or may not have a profound effect on the

future fisheries.

Bush Clearing

In large-scale manmade lakes extensive bush clearing,
though expensive, is desirable for a number of reasons relating,
for example, to fisheries, the formation of aquatic weed mats,
health and aesthetic considerations. At Kariba nearly one-quarter
of a million acres were cleared at a cost of approximately £10 per
acre. Of these, 126,000 acres were cleared along the north bank,
with the main pitches concentrated on either side of Sinazongwe
harbor. As figure 1 shows, most of the lake basin was uncleared.
Furthermore, within fishing pitches clearing extended from ap-
proximately the 1590 contour (close to the upper ma.r.gin of the
drawdown area) to 1530 feet, so that the deeper areas remained
uncleared. As far as the fishermen are concerned, these uncleared
areas are very difficult to fish, especially when the crowns of the
trees Project beyond the surface and hence form anchors for mats

of Salvinia auriculata and other sudd components. While it is to be

hoped that the Central Fisheries Research Institute will be able to
develop better techniques for use in these areas, underwater snags

will continue to shred nets which the fishermen of today cannot
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afford to lose. On the other hand, many fishermen cannot afford not
to fish the uncleared areas simp-ly because the principal fish popu-
lations are now congregated there, in part no doubt because of a

better food supply and a greater degree of protection.

The Invasion of Aquatic Plants

The rapid buildup of the aquatic fern, Salvinia auriculata, on

Lake Kariba and its role in facilitating the colonization of other

plants, thus creating a '

'sudd" community is well documented.

The "weed'" was first observed on the lake in 1959. By 1962 it
covered more than 1/10th of Kariba's surface area, alt_hough there -
after the extent declined significantly. . Nevertheless, the weed
continues to present a formidable problem to the fishermen. Ex-
cept in sheltered areas which w-ere never cleared, the problem is
least severe at the lower end of Kariba, in part because the pre-
vailing wind blows up the lake throughout most of the year. It is
most severe in Mwemba, which is particularly unfortunate since
there is insufficient land in that chieftaincy to support its agricultural
population. Periodically, certain fishing camps are literally closed

by ﬂoé.ting mats of Salvinia, which make the movement of boats

extremely difficult, if not impossible. In other, more fortunate

See especially Boughey, 1963.
2

Quoting Mitchell, who made periodic surveys of the degree
of weed infestation; Little (1965) mentions 400 square miles as the
extent of greatest coverage. Coulter (1967), on the other hand, men-
tions 250 square miles.
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camps, fishermen venturing out to check their gear may find that
floating mats have either covered or swept away their nets during
the night. |

In conclusion, it is obvious that all of the factors briefly
summarized have contributed to the present depressed nature of
‘the Kariba Lake fisheries. During the heady months of 1962 and
1963, when production continued to spiral and the numbers of
fishermen to increase, it appeared that the earlier estimates of
Kariba productivity (which extended to 20,000 tons per annum)
might well be realized. In that event fishing would certainly play a
critically important role in the development pf Gwembe District
through the provision of a reliable cash income and a substantial
number of jobs, the latter being particularly important because of
the scarcity of cultivable lana in the relocation areas. Unfortun-
ately, events have turned out otherwise, although it appears unlikely

that productivity will drop much lower.
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LAKE FORMATION, THE DISTRIBUTION OF TSETSE FLIES,

AND ANIMAL TRYPANOSOMIASIS

There are two species of tsetse, Glossina morsitans and

Glossina pallidipes, resident in the Middle Zambezi Valley. Of

these, the second is not common, having first been identified in
1942 in the Southern Rhodesian portion of the Valley, while north of
the Zambezi its presence was apparently not documented until about

1964. In the opinion of some, only G. pallidipes is a carrier of

human sleeping sickness in this area. Regardless of the true posi-
tion, however, sleeping sickness is rare in what is now the Zambian
portion of the Valley, with only the odd case occasionally diagnosed,
and even then the victim may have contracted the disease elsewhere.
For this reason, my intention in this section is to deal only with
animal trypanosomiasis, and especially with bovine .trypanosomiasis,

which poses a constant threat to Tonga livestock near the fluctuating

1
The position in regard to human sleeping sickness in the

Rhodesian portion of the Valley is quite different. As a result of an
outbreak of the disease in 1912 in the Lubu Valley of Sebungwe Dis-
trict, an unknown number of Tonga were resettled in 1913. There-
after the threat of renewed outbreaks remained a problem. This was
especially the case at the time of Kariba resettlement when some
Tonga wished to move back to areas of former infection. After the
lake began to form, an outbreak of the disease did occur in Sinakatenge
and adjacent resettlement areas, which apparently assumed serious
proportions. Though I do not know whether or not the distribution of
the fly involved had been influenced by the rise in lake level, the situ-
ation definitely deserves careful analysis in connection with the subject
material dealt with in this paper.
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margins of the fly areas. : Though there have never been over
30,000 cattle in the Valley at an)-r time during the present century ,
Gwembe District does contain some of the best ranching country
in Central Africa. Furthermore, in spite of the fact that its rural
population control over 1-1/4 million head, Zambia is still de-
pendent on cattle imports in large part because of the poor condition
of local stock and the unwillingness of their owners to market them.
Under these circumstances, the development potential of a cattle
industry in the Valley is considerable, provided, of course, the
tsetse fly can be brought under control.

The distribution of G. morsitans in the Northern Rhodesian

portion of the Middle Zambezi Valley was mapped between 1949 and
1955 as part of a territory-wide survey of Glossina species. Two
main concentrations, along with two smaller foci, were found,

which are shown in figure 2, upon which the future lgke shore margin
has been superimposed. Within these pockets the distribution of the
fly often formed a dentritic pattern, the preferred fly habitat being
associated with changes (ecotones) between vegetation zones, es-
pecially in river and stream valleys, but also in connection with

thickets and dambo (hardpan) margins, and the foot of the escarpment

See Scudder, 1962: 164-173, for background information
on animal trypanosomiasis in the Gwembe Valley.
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and the base of Karroo and granitic formations throughout the
Valley. !

Prior to the decision to proceed with Kariba, no tsetse or
veterinary personnel were stationed in the Valley. While this situ-
ation was obviously hard on those residents vs;rho tried to build up
herds of cattle and small stock, it was realistic in terms of rela‘ive
priorities elsewhere in Northern Rhodesia, available funds and
personnel. Not only was the Valley a net importer of cattle at the
time, but for a number of reasons2 it was é.lso a much more difficult
area within which to carry out control operations. On ther other hand,
its fluctuating tsetse population posed a constant threat to African
and European herds on the Plateau unless it was effectively contained.
Containment in 1955 was relatively easy and was achieved by station-

ing a2 number of pickets in the escarpment area in such a way as to

According to Steel and Gledhill (on whose undated manu-
script I have drawn heavily in the paragraphs that immediately fol-
low), '"none of the main vegetation types to be found in the Valley it-
self comprises a complete fly habitat.' On the other hand, this does
not appear to be the case in the Southern Rhodesian portion of the
Middle Zambezi Valley where Pilson (oral communication, 1963) was
impressed by the number of G. morsitans in Brachiastygia savannah
woodland near the Lusulu research station. Whether or not mopane
and other vegetation zones alone the Kariba lake shore margin form a
complete fly habitat today remains to be substantiated.

2 The following are listed by Steel and Gledhill: isolation,
difficulty of communications during at least half of each year, the
large proportion of areas unsuitable for human settlement, inclement
climate, famine conditions (with those seeking food elsewhere carrying
fly with them), larger game populations, and the large proportion of
virtually useless agricultural land, which is either uninhabited or only
sparsely inhabited.
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cover the main exits from the Valley. Here hitchhiking flies were
dealt with by spraying travelers,‘ while cattle themselves were ex-
cluded from the Plateau {inless previously inoculated, in order to
reduce the danger of mechanical transmission of the disease. As
for Plateau cattle close to the e'scarp-ment whichwere infected, they
could be treated by locally stationed veterinary assistants. ''Thus
the position was being held satisfactorily by merely palliative meas -
ures and no direct anti-tsetse measures were called for' (Steel and
Gledhill, 304).

The situation changed drastically, however, once the 1955
decision to proceed with Kariba was made. Because there was in-
sufficient land within the Valley available for the resettlement of
29,000 north bank Tonga, it was essential that the more desirable
areas be opened up for occupation. Since a number of these were
tsetse-infested, extensive eradication and control measures were
now necessary for the first time in the Valley's history. Further-
more, as cattle were moved from fly -free areas into relocation
areas recently cleared of tsetse, they would have to be placed on a

fixed regime of prophylactic drugs in order to protect their health.

. . i . " . el R
S I T R . T R N g ST IU D "ol 58,

! In 1962, drug instructions from the Livestock Officer to

his Veterinary Assistants in the Valley were as follows: where heavy
fly, poor communications and few cattle -- use prothidium three
times yearly; where heavy fly and many cattle -- use anthrycide every
two months; where no fly but diseased cattle as shown by blood smear
tests -- use novidium selectively; and where cattle to be exported

to the Plateau -- use dimidium bromide. (In all cases berenil to

be held in reserve as a precaution against drug resistance in cer-
tain strains.)
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To expedite inoculation, crushes (kraals) were constructed where
necessary and the Tonga were instructed when and where to group
their cattle for treatment. Needless to say, these intensive meas-
ures were expensive and required the use of scarce personnel and
capital, which may well have been better used elsewhere, Since it
was not feasible to relocate the people outside the Valley, however,
the Northern Rhodesian government had little choice, granted the
unstated but implicit resettlement philosophy that the people should
certainly be no worse off following relocation than before. The
resulting costs to both the government and the Tonga must, of
course, be assessed in any future analysis of the benefits and costs
accruing from the Kariba Dam project.

By the end of 1956, three Tsetse Control Supervisors had
been assigned to the Valley, along with supporting staff. Three
Veterinary Assistants were also stationed locally, although a full
time livestock officer was not appointed until 1960. The first pickets
were established and discriminative clearing and the use of insect-

1
icides applied from the ground were initiated after further surveys

1'I‘o the best of my knowledge, the only aerial spraying used in the Valley
in connection with resettlement occurred on the Southern Rhodesian side.
This was in the Lubu area, which had been evacuated in 1913 as a result of
human sleeping sickness. Following aerial spraying around 1957, there
was a radical drop in fly numbers, after which the evacuees arrived and
began to clear new gardens. Though a gradual increase in fly was noticed
at first, as the garden area became more extensive, the fly population
began to drop. By the end of 1962, the number of cattle had increased from
300 to over 1000, although they remained dependent on anthracide injections
every two months (oral communication from J. Ford, sometime director of
Southern Rhodesia's Tsetse and Trypanosomiasis Control and Reclamation
Department; 1963). The cost of this operation was high and involved,
¥ 42, 000 and the loss of one aircraft with its pilot,
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to pinpoint the main fly concentrations. During 1957, a fourth
supervisor was appointed and er-adication efforts continued on a
large scale, with special. stress placed on the Sinazongwe area. By
the end of 1958, when the dam wall was sealed and the lake began to
form, the situation in the various resettlement areas being pre-
paréd for cattle appeared satisfactory. It improved during the next
year as tsetse operations continued and as the evacuees began to
open up new gardens, hence consolidating the gains made by re-
ducing the extent of regeneration and clearing further areas. L Be-
cause of its isolation and light density of fly, the Si'abunga Pocket
was easily eliminated, In the Sinazongwe Pocket, the situation was
quite different, the concentration of fly being heavy in certain areas.
These required a major effort which continued through 1961, when
the last rnajér concentration was brought under control. Indeed,
by 1963 the Tsetse Control Supervisor stationed at Siné.zongwe was
of the opin.ion2 that the tse:tse problem was largely over in the southern
portion of the Gwembe District (from the Chibuwe to the Mulolo),
provided surveys and pickets continued so that a new buildup in any
area could be spotted and treated before the fly had time to spread

outward.

1 g .
Wherever possible, tsetse control operations were closely

correlated with human settlement. Otherwise, as in the Mpendele -
Mutulanganga area below the dam, costly clearing and spraying op-
erations had to be repeated as the fly moved back into former
habitats.

& Oral communication; 1963.
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More difficult to handle was the Simamba-Sikongo Pocket.
Not only was this larger in size, but it also contained a number
of relatively waterless and unpopulated areaé (in particular,

Bunga Hill, the Kariba Hills, and the Nyanzara Plateau). These
areas were not only hard to gét at, but were also areas in which
temporary eradication could not be followed up by human
settlement, Furthermore, the danger of reinfestation from
Southern Rhodesia below the exit of Kariba Gorge was an
unmanageable problem under present conditions, As for the
small Moyo Pocket in the southwestern corner of Simamba, this
was ignored. No doubt a number of reasons were responsible
for the lack of attention paid to this concentration, including
isolation and the fact that the entire pocket not only lay outside
of the areas set aside for reloéation, but élso would eventually
be inundated by the rising lake,

During 1960 and 1961, reports dealing with the tsetse situ-
ation tended to be rather optimistic. Throughout the Kariba Lake
Ba‘sin it was assumed to be only a factor of time before the fly was
eliminated entirely (or at least contained in small pockets remote
from human habitation), whereas down-river from Kariba Gorge
the assumption was that a combination of clearing, spraying, human
settlement and selective game elimination would control the threat
of serious encroachment from across the Zambezi. In the mean-

time, the number of cattle in Gwembe District continued to increase
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(see Table I). This was an altogether desirable situation. Not only
were the cattle seen by the government as an integrated part of
égricult\iral development leading to- better husbandry and to cash
cropping, but also a cattle industry in certain parts of the Valley
seemed a distinct possibility. This was especially the case in the
southern half of Mwemba chieftaincy and in the Mpendele-Mutulanganga
area, which lay between the Kariba Hills, the southeast corner of
the lake, and the Lusitu. In comparison to the neighboring plateau,
the Valley, except for tsetse, provided a much better habitat for
cattle. The reasons for this were simple: better water and better
feed, the latter including both grazing and broozing. Though a definite
stress period often came toward the end of the dry season, the po-
tential pastures were there, provided early burning by the Tonga
could be controlled and provided the herders could be persuaded to
move their stock back into the escarpment country or down toward
the lake (in Mwemba) or to specially selected grrazing areas
(Mpendele -Mutulanganga) during the drier months. While such
problems would not be easily overcome, they appeared no less
- manageable than in other livestock areas. Certainly the Tonga
wished to build up their herds, had shown a desire in Munyumbwe and
Sinadambwe to sell cattle to traders as early as 1951 if not before,
and to date had cooperated closely with the local veterinary as-
sistants in connection with prophylactive and curative inoculations.

Against this background, most tsetse and livestock officers who
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were familiar with the Valley saw no reason why a profitable cattle
industry could not be developed. . This would be especially ap-
propriate for south Mwemba, where a hurnah population of over 5000
in 1963 did not have sufficient land for cultivation. In the Mpendele-
Mutulanganga area, which had some of the best cattle country in the
Valley, and which was currently unpopulated, some people even
discussed the possibility of fenced grazing schemes which would
support, under proper management, roughly one cow for every ten
acres.

The first sign that all might not be well was contained in the
1960 Annual Report of the Department of Veterinary and Tsetse
Control Services. Here it was noted that fly had spread to previously
fly-free Kota Kota Hill in the mid-lake area. Though the source of
the spread was not noted, presumably this was the Moyo pocket which
was now largely, if not totally, under water, the fly being forced to
move from a favored habitat into a less favored one as a result of
flooding. No doubt, whatever spread occurred was facilitated by
two other types of movement: one of game, which also had to seek
new habitats aslthe water rose, and the other of fishermen, who
moved to and fro throughout the area.

During 1961 and 1962, none of the reports that I have read
refer again to the Kota Kota situation. By 1963, however, the situ-
ation had really deteriorated, with fly now present in an area extend-

ing from the Nahunwe (east of the Lufua) to the Chibuwe River west
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of Kota Kota. Apparently expanding outward from Kota Kota Hill
and perhaps also Bunga Hill, tsetse encroachment was now a definite
threat to the sizable cattle populations along the Chaanga-Munyumbwe
réad and in Chipepo. By this time the lake had reached its highest
level ard fhe lake shore margin was beginning to stabilize. Formerly
an incomplete tsetse habitat because of extremely high temperatures
during the dry season, much of the vegetation along the lake's edge
was now retaining its leaves for a longer period of time. This was

especially the case with mopane (Colophospermum mopane), which

might retain a partial leaf cover throughout the dry season, hence
creating a lakeside tsetse refuge where none existed before.ﬁ,Another
serious factor was a continuing buildup of the new lake fisheries,
which reached its peak on the north bank during 1963. In seeking
out new fishing grounds along the lake shore margin and on islands,
fishermen doubtless facilitated the spread of fly. Perhaps even
more important in this regard were the movements to and from
outlying camps of fish traders. This would be especially true of
those who hawked fish both fresh and dry to the nearest villages,
moving through the intervening bush either on foot or on bicycles.
According to Steel and Gledhill, "in ... Northern Rhodesia, it may
be stated that somewhere in the region of 90% of the cases of
Bovine Trypanosomiasis recorded in a year are initially the direct

outcome of carried Tsetse Fly.'" As far as carriers were con-

cerned, they suggested that the fish trade was of particular
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importance, with dried fish perhaps even luring the fly from its
resting places. As an example from the Plateau, they noted bi-
cycle traders in connection with the Kafue Fisheries in parts of
Namwala District who traveled to and from between fly and fly-
free areas, hence seriously threatening the substantial herds of Ila
cattle. Suggesting that possibly a fishing and a cattle industry were
incompatible under such conditions, they went on to say that, "It
is no exaggeration to say that with uncontrolled traffic, the marginal
fly area has now been increased to perhaps thirty to forty miles
outside the true fly habitat."

Though the rapid buildup in lakeshore fly between the Nahunwe
and the Chibuwe is tied up with the formation and recent stabilization
of Lake Kariba, its rapid encroachment inland,_ as in the Kafue case,
was no doubt facilitated by the movement of fish traders. While
pickets established along the roads leading from the major fish
camps and markets were able to inspect and spray travelers, in-
cluding motorized fish traders, those traveling on small trails
would not be intercepted. And between the Chibuwe and Manchavwa
camp (just east of the Lufua), this and water travel were the main
means of transport, there being no roads serving this extensive
area at the time.

Table I suggests the impact of fly encroachment during 1963
and 1964 on cattle in Munyumbwe's Chieftaincy, which before

Kariba was the only chieftaincy in the District thought to be fly-free.
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In 1962, 8,139 cattle (slightly over one per capita) were recorded
there, while the District Livesto-ck Officer in his annual report
stated that the health of Valley cattle in general was excellent.
Furthermore, the export of cattle from the Valley seemed to be
picking up, with 249 of the 283 sales recorded taking place in
Munyumbwe. The nexttwo years, however, were catastrophic for
the Munyurnbwe cattle industry, with the number of cattle dropping
to less than 5000 by the end of 1964. By the end of 1966, cattle
were still dying, although the rate of decrease had fallen off, with
the total cattle r eported from Munyumbwe being 4449 at the end of
the year. . While the pastures of this chieftaincy had been over -.,
grazed at the time of the sudden decline and cattle were suffering
from poverty, especially toward the end of the dry season, none-
theless there can be little doubt that the primary cause of death was
bovine trypanosomiasis carried by flies moving inland from the
Kota Kota and the Lufua-Nahunwe areas: Having crlossed the

Munyumbwe-Chaanga road from the south, fly had established

1
The first government-sponsored sale in the Valley oc-

curred in 1951 in the Lukonde area of Munyumbwe's chieftaincy.

In 1964, the Cold Storage Board organized its first sales in Gwembe
District. Between October 1963 and September 1964, 408 Valley
cattle were sold to all buyers, of which 236 were from Munyumbwe
(1963-64 Annual Report of the Chief Agricultural Supervisor, ‘
Gwembe). According to the Technical Assistant-in-Charge, Gwembe
Boma, in 1966 and 1967 Cold Storage Board buyers were no longer
making Munyumbwe purchases during their occasional trips there,
Primarily because of deaths from bovine trypanosomiasis. Farmers
who lost oxen were particularly hard hit, with some using cows for
traction for the first time.
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themselves in the Munyumbwe neighborhoods of Lumbo, Bondo and
Lukonde apparently for the first time in the District's history.
Moving up the escarpment, they even threatened cattle in Chona's
Plateau chieftaincy until extensive spraying was carried out in 1966
and 1967.

In Sinadambwe, the pictuxje is not so clear, since a significant
decline began there prior to the formation of Kariba Lake. In my
1962 volume on the Gwembe Tonga, I have suggested that bovine
trypanosomiasis was the most likely cause of this decline owing to
both mechanical transmission of the disease from infected cattle
outside of the Simamba-Sikongo pocket and to fly encroachment from
within this pocket. I see no reason for changing this view, believing
that the even more significant decline between 1956 and 1959 repre-
sented a continuation of the same process. While it is true that
control operations were initiate.d during 1957 in the Simamba portion
of the pocket, it was not until late in 1958 that a concentrated at-
tack was begun on the major fly concentrations. This is probably
of significance in regard to the reversal of the decline in the number
of Sinadambwe cattle during the early 1960's, with 2371 reported
in 1960, 2742 in 1961, and 2867 in 1962. Unfortunately, by 1964
numbérs were once again dropping, the totals being even less than
those entered in Table I, since the 1964 and 1966 Sinadambwe
figures include several hundred cattle from the ten Chambwe vil-

lages inside the eastern boundary of Munyumbwe and perhaps a few
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Simamba beasts. Indeed, by the end of 1966 the total had fallen
below !:he 1959 low point. This reversal presumably is also tied up
with the buildup in fly along the lake shore mé_rgin, which we have
already discussed in connection with the Munyumbwe livestock industry --
Sinadambwe being at the eastefn end of the new lake shore fly zone
extending from the Nahunwe to the Chibuwe.

By the end of 1963 then, the unexpected relationship between
the now stabilized lake shore margin and the buildup and spread of
fly in Simamba was quite evident. It was also cleal; that this
development greatly increased the area requiring tsetse control
operations. On the other hand, the belief continued to exist that it
was ''still practicable to aim at tsetse eradication in the Gwembe
Valley as a short-term policy.”1

In the Simamba area the strategy had been to move gradually
west or up the lake from the Simamba-~Chaanga road, along which
small concentrations of fly were virtuaily eliminated by clearing in
1957, During 1958 and 1959, effort was concentrated on the Loteri
system and Bunga Hill with good results. Between 1960 and
1963, residual insecticides were applied throughout the area betweeq
Bunga Hill and the Lufua estuary, with nearly 1000 lineal miles
of haﬁitat sprayed during the latter year. At that time some areas

had to be re-sprayed (especially south of Bunga Hill) because of the

1 1963 Annual Report of the Department of Veterinary and

Tsetse Control Services -- section 60.
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buildup of fly along the lake shorfa.l During 1964 the entire area
sprayed the previous year had to be resprayed. Though it was
clear of fly immediately after the 1963 treatment, subsequently
massive encroachment from the still untreated lake shore areas
west of the Lufua occurred. Réinfestation from this area also
threatened the peninsulas jutting out into the lake immediately east
of the Lufua and the Nahunwe rivers, fishermen en route to Gwena camp
being potential carriers.

As a result of the danger of reinfestation from west of the
Lufua, the first access roads were cut on the west bank during
1964, with both sides of the Lufua sprayed from the lake upstream
to the Lufua -Lusengazi confluence. By the year end, the fly position
east of the Lufua was satisfactory, although the costs of 1964 control
operations were heavy, the major item (£ 28, 696) being spraying.
The year was also hard on staff, with supervisory personnél in
North Gwembe cut back from three to one. Furthermore, though
vehicular spraying remained the main means of attack, the propor-
tion of knapsack spraying rose because of the roughness of the
terrain. In 1965, a pontoon was established on the Lufua and fur-

ther access roads on the west bank were opened up. Heavy fly

! The insecticide most commonly used was a 3% Dieldrin

emulsion, which must be applied to 1-1/2 to 2 lineal miles per square
mile of tsetse infestation for effective control in Gwembe District

(J. D. Gledhill, Assistant Director for Tsetse Control Operations,
oral communication: 1967).

While the'se costs refer to Gwembe District as a whole, most
of the spraying during the year occurred in the Simamba area.
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concentrations were found and sprayed. Again District costs were
high, with the cost of spraying, most of which was again in the
Simamba area, coming to £43,552. A record 1338.1 lineal miles
were treated with 100, 265 gallons of Dieldrax 15Y 3% emulsion
and 13,454 gallons of DDT 75% W.P. at 5% strength.

During 1966, no major spraying of a new area was under-
taken, the services of the Insecticide Unit being required outside
the Valley. Rather from the new holding line on the Nangandwe
River (nearly half-way between Kota Kota Hill and the Lufua), a
major effort was made to extend the road system into the area
linking the Nangandwe sys-tem with the Chibuwe system to the west.
The strategy here was to first contain Kota Kota Hill (hence protect-
ing the cattle in Munyumbwe and Chipepo), and then to eradicate
the fly on Kota Kota itself. Containment was programmed for 1967,
hence setting the stage for the first spraying of Kota Kota Hill during
the current year. If successful, fly would be eliminated for the
first time in recent history from the Simamba area, although, as
we shall see, the danger of reinfestation from without remains a
serious danger.

- Simamba was not the only area which provided a new habitat
for tsetse fly as a result of the stabilization of Lake Kariba. In
Chipepo, fly was found to have reestablished itself in the isolated
Sikowinzala area during 1967. Encroachment from here would

pose a very serious threat to the substantial herds in the Tonga
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neighborhoods of Chezia and Chilola. Eradication would require
surveys and the opening up of ne;v spray lanes and tracks, and then
the application of fe sidual insecticides. Fu‘rther up the lake, oc-
caéional fly were found in otherwise fly-free Sinazongwe, presum-
ably having been brought in by boat from Chete or other islands
close to the heavily infcsted Rhodesian side of the lake. In Mwemba,
the rapid buildup of lake shore fly in the Sichitando peninsular area
in 1963 required extensive spraying late that year. Inland, a number
of cattle died of bovine trypanosomiasis in the upper Mweenda area
at the base of the Plateau. Kraaled within a fly-free area, these
cattle perhaps were victimized by traveling fly or perhaps they
s;ickened as a result of mechanical transmission from an infected
beast imported from a fly area. One p-ossibility here was the
Sichitando area; another was the Sinankumbe-Sulwegonde area to
the east. Here fly appeared in 1967 and required the application of
insecticides in an area which apparently had been fly-free in the
past, although it lay only a short distance southwest of the outer
margin of the former Sinazongwe pocket. Hence the 1967 presence
of fly probably.represented a previously unknown extension of that
pocket rather than a new establishment of fly from a lake side
population.

Though the Sikongo portion of the Simamba-Sikongo Focket
falls largely outside of the Kariba Basin, it nonetheless warrants

some attention. For our purposes this portion can be divided into
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three sections, including the Kariba Hills to the south, the Mpendele-
Mutulanganga area in the middle,- and the Lusitu area to the north.
Just inland from the damsite, the Kariba Hills contained a fly popu-
lation which in 1963 encroached on thé lake shore at Mundulundulu
fish camp, hence creating a possible means whereby the lake shore
margin of the Simamba portion could be reinfested. Fortunately,
at the time, the danger was identified and the threat temporarily
removed through control ope.rations. These were continuing during
1967 through discriminative clearing in the tributary valleys of the
Kariba Hills. |

As for the northernmost area of the Sikongo portion, this
extended into the Lusitu area, which had been chosen for the re-
location of some 6000 Tonga who could not be resettled within the
actual lake basin because of land scarcity. Fly eradication here had
high priority in 1957 and was successful to the extent that 243 of
the immigrants' cattle were able to join them within a month of
their relocation in 1958. During the next year a major effort was
continued to completely eradicate the fly between the Lusitu River
and the Chirundu-Lusaka road. By 1967 this aim had yet to be
achieved. Standing in the way were at least three problems. One
was the persistence of a small number of fly in the remote, rugged
and unpopulated Nyanzara Plateau in the northeast corner of the
area. Another was the movement of fly from Rhodesia

directly across the Zambezi into the resettlement areas. Though
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this movement is hard to document, its significance was brought
home to me in 1962 when Tonga told me of a herd of elephant that
had crossed the Zambezi to feed in the Lusitu delta area. W hile
there they mixed with some cattle, one of which was trampled to
death. When subsequently found by Tonga herders, its mutilated
body was the focal point of a small number of tsetse. As for the
third problem, this relates to the fly still present in the Mpendele-
Mutulanganga system. In spite of two pickets along the tracks
exiting from this area, infection is still spread across the Lusitu.
In some cases cattle owners are themselves directly to blame,
as when one villager took two oxen into the Mutulanganga area
during 1966 to brinrg back poles for building purposes. Subsequently
both sickened and died. In other cases hitchhiking flies are prob-
able responsible for infection, Foming in on game, hunters and fish
traders.

In spite of the use of both prophylactic and cu‘.rative drugs
in the Lusitu, during March 1967 a serious outbreak of bovine
trypanosomiasis occurred. When it had run its course by August,
at least 454 cattle had died out of a total population of less than
3500. This was a terrible loss for a society which is becoming
increé.singly dependent on oxen for plowing. Prior to the epidemic,
some cattle owners had begun to sell stock to traders. Now the
emphasis would be placed on rebuilding one's herds. External
sales, as in the Munyumbwe and Sinadambwe areas in recent years,

would probably become almost insignificant.
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Looking to the future, there is little room for miscalculation.

The oriéinal strategy of the Dep:artment of Tsetse Control within the
Kariba lake basin was to eliminate the fly in areas of human settle-
ment, with the Tonga themselves consolidating departmental gains
through the practice of their extensive system of agriculture.
Elsewhere in the Valley, eradication was also to be attempted, al-
though in some of the remoter areas a policy of containment, based
on periodic checks, spraying and discriminative clearing, would

be the best that could be achieved.

Though initially this policy did not take into consideration
the possible relationship of the stabilized lake shore margin to
tsetse ecology, it has been remarkably successful in achieving its
aims, with over 3500 square miles cleared of fly within Gwembe
District by I1:]:1e end of 1966. ! Continued vigilance, however, is
gbsolutely necessary if current gains are to be maintained. There
are at least four reasons for this. First, low density and isolated
pockets of fly still exist in some of the more rugged portions of the
Valley, and it is probably impossible to completely eliminate these.
Rather, periodic checks and surveys are necessary so that any
‘buildup in fly can be dealt with before they present a serious threat
to Valley cattle. Here it must be borne in mind that the 1967 epi-
demic in the Lusitu, which took the lives of nearly 500 cattle,

probably was derived, at least in part, from the isolated fly

1 J. D. Gledhill, oral communication, 1967.

Raa
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population of the Nyanzara Plateau. Second, the risk of fly crossing
the Zambezi from Rhodesia in tl;te area between the end of Kariba
gorge and the Zambezi-Kafue confluence is ever-present. While the
present pioneer settlement in the Mpendele and Mutulanganga areas,
along with the extensive spraying and cleariﬁg operations of the
Department of Tsetse Control,have probably nearly eliminated
resident fly from the lower portion of the drainage systems of these
two rivers, wind-blown and/or game-carried movement across the
Zambezi will, of course, continue to pose a threat to cattle in those
areas and in the Lusitu. Where human settlement does not exist,
discriminative clearing will continue to be necessary as regener-
ation occurs, and potential fly habitats will have to be periodically
sprayed. ! Third, the danger of fly movement across the lake
from Rhodesia or from islands near the Rhodesian shoreline can
be expected to continue indefinitely. Here the unintentional carriers
will be fishermen and other boat users. Again, the only recourse
is periodic surveys backed up by the potential to eliminate re-
infestation by whatever means are necessary. Fourth, the danger
of encroachment from Rhodesia upriver from the far end of Kariba
may present as serious a threat as spread of tsetse across the

Zambezi below the dam. Although there was no south bank fly in

In the opinion of the Assistant Director for Tsetse Control
Operations, spraying along the uncleared riverine ecotone will be
necessary four times a year, in connection with other methods,
such as game elimination and control of human movements (oral
communication). It is unfortunate for control operations that the
Pioneer settlers took their cattle with them.
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this area before lake formation, recent information suggests that
fly is spreading up the lake on th.e Rhodesian side for the same
reasons that tsetse in Simamba spread up the lake to Kota Kota
Hill. Although no fly apparently have yet been found in Zambia at
the junction of the lake with the inflowing Zarﬁbezi, it would appear
to be only a matter of time before fly begin to cross the river.
Here again, periodic surveys backed up by an ability to control
invasion are necessary.

Current tsetse control operations in the Middle Zambezi
Valley are expensive in terms of capital, personnel and equipment.
On the other hand, a serious cut in any one of these factors could
lead to a very rapid deterioration of the situation and the eventual
elimination of cattle from all, if not most, of the Valley. At the
same time, containment methods would be once again necessary,
although on a larger scale than before, to protect cattle on the
adjacent plateau. So long as the Valley is relatively.ﬂy-free,
these methods are unnecessary.

From the point of view of the Gwembe Tonga themselves,
the eradication of fly is of immense importance. With the begin-
ning o_f the cash cropping of cotton and sorghum in the past few
years, cattle are playing an increasingly important role in agri-
cultural development, which would be set back if ox-traction was
restricted by fly encroachment. At the same time, the Gwembe

Tonga from Mwemba to the Lusitu have shown a willingness to
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sell cattle for export, provided their herds are sufficiently large
to meet their immediate agricult-ural needs. With the major ex-
ception of Munyumbwe prior to the recent epidemic, most of the
Valley has always been understocked with cattle. Aside from the
south Mwemba and Mpendele-Mutulanganga areas already mentioned,
the entire lake shore margin would appear to have a considerable
potential for a developing cattle industry, a potential which is
denied to agriculture because of the extreme irregularity in lake
drawdown. Between 1962 and 1967, the number of cattle in Chiabi
has increased from 260 to 498. With a higher per capita average
(slightly over one) than the rest of Chipepo, presumably the villagers
here have profited directly from easy access to an extensive lake |
shore margin -~ especially during the dry season -~ when before --
Kariba grazing was particularly short. Because of their relative
remoteness from the main road system, farmers in this area are
still looking for a profitable cash crop which could well be cattle,
unless, of course, tsetse encroachment from Sikowinzala or else-
where was allowed to occur.

As an employer of labor on both a full-time and seasonal
basis, _the Department of Tsetse Control has made a different kind
of positive contribution to the economy of Gwembe District. Ac-
cording to the Chief Tsetse Control Supervisor (oral communication),
and my own rough calculations, at least 87 full-time staff were

employed in the Valley during 1967, while the number of casual
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laborers employed during the dry season fluctuated between 200 and
300, making the Department one of the major employers of Valley
labor; Not only are those seasonally ernployed working during the
non-agricultural season, but some at least are putting their earnings
into the purchase of cattle. Finrally, the development of a mining
township in the Sinankandobo-Maamba area of Mwemba, of a pilot
project in village regrouping in the Kanchindu area, and of other
residential townships along the lake shore margin at Sinazongwe
and Siavonga make it desirable to keep the fly situation under control,
since the danger of human sleeping sickness in the Middle Zambezi
Valley continues to be a serious one on the Rhodesian side, and
hence presumably is a possibility on the Nor.th Bank. :

In the future, it is also possible that current research will
provide results which will reduce the costs of control operations.
According to the Assistant Director for Tsetse Control Operations
(1966 Annual Report), "under the hot dry. conditions in the Zambezi
Valley the effe;ctive persistence on tree boles of a deposit from a
5% D-.‘D. T. wettable powder formulation is at least as good as that

' If so, the use

obtained using a 3% dieldrin emulsion formulation.'
of DD T will reduce the costs of insecticides, although in the cases

of all such chemicals not enough is yet known about the long-term

According to J. Ford, some eight cases of sleeping sick-
ness were diagnosed near Kariba Township between December 1961
and April 1962 (oral communication).
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ecological effects of extensive use. In this regard, biological con-
trol through the release of steril'e males is particularly promising,
especially in isola:ted pockets with a low tse£se population. Located
in rrough terrain, these are particularly difficult and costly to t-reat
effectively with insecticides, yet such conditions are quite typical
of Gwembe District. Yet another promising technique for; reducing
costs, though one which is hardly appealing to ecologists, is the
application of arboricides such as 245T, which have already been

used in Zambia in combination with late burning with good results.

e . . . T 24 ey % 2 LI = “ama & a. B i, % W57 LA P 1Y
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AGRICULTURE, THE LAKE SHORE MARGIN AND

RIVER FLOW BELOW THE DAM

Before Kariba, most Tonga lived within a mile of the Zam-
bezi and the lower reaches of its major tributaries. The people
were farmers, producing two crops during the agricultural season.
These were grown i:rirnarily for local consumption, the Valley
having been a serious famine area throughc;ut its recorded history.
Indeed, no farmers grew cash crops in lieu of food.crops, although
a few of the more enterprising intentionally grew some cereals for
sale, while a much larger number tried to sell the unexpected sur-
pluses that occasionally occurred.

The Zambezi system played a major role in the agricultural
economy. With the advent of the rains, tributary deltas and the
more fertile alluvia immediately inland from the primary channel
of the Zambezi were planted, with crops of cereals, legumes and
cucurbits harvested prior to the river's expected annual flood in
‘ April (see figure 3). The second alluvial crop was planted after
the flood waters began to recede, with seed sown just behind the

retreating water line from late April until September, and harvested

See Scudder, 1962, for a detailed description of the Tonga
agricultural system and the history and causes of famine in the
Middle Zambezi Valley.
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prior to the initial rise of the Zambezi in December. Only alluvia

were planted during the dry season, although they were supplemented

during the rains (usually November-March) by the cultivation of
colluvial soils and Karroo sediments. While these latter soils were
of major importance to a majority of farmers just prior to Kariba
relocation, in large part this was because of recent population in-
crease and the degradation of those alluvia which were not annually

inundated. Karroo soils were definitely of secondary importance

before 1950.

After Kariba: The Lake Shore Margin

The position changed drastically in the Kariba Lake basin
after the lake was formed, simply because the alluvial soils were
completely inundated except alohg the middle and upper reaches of
the tributary system, where the extent of alluvial deposits has é.l-
ways been limited. As a result, the agricultural system of most
evacuees was now prim.arily dependent on the less fertile and more
easily erodable Karroo sediments. An unknown factor was the
- agricultural potential of these soils within the drawdown area of the
lake. While the situation was such that one could not expect the
lake to gradually build up an extensive layer of silt along its margin
to increase soil fertility, the action of water on the soils and the
presence of a high water table might well allow a continuation of
the Tonga practice of growing two Crops per year -- prgvided, of
course, flurctuations in lake level were consonant with agricultural

demands.
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In large-scale manmade lakes in the tropics, whose shore-
lines measure in hundreds if not‘ thousands of miles, the potential
of the drawdown area and the inner lake shore margin could be
considerable. In terms of agriculture, both dry and wet crops
(rice in particular) might be grown with or without irrigation, de-
pending on the circumstances. Areas not used for crop agriculture
could be grazed under varying degrees of management. At one end
of a range of possibilities would be uncontrolled grazing on what-
ever vegetation appears -- as occurs at present at Kariba. At the
other end would be aerial or ground sowing of ecologically selected
perennial grasses and their utilization as part of a grazing scheme.
Fish ponding, preferably on a peasant basis, might also be de-
veloped, while certain unutilized areas could be incorporated within
conservation zones and national parks. Unfortunately, to date very
little research has been carried out in regard to the soil and vege-
tation characteristics of the lake shore margin in connection with
any of the major African reservoirs, although P. M. Ahm of the
University of Ghana has initiated a much-needed project to survey
the agricultural potential of the drawdown area of Lake Volta, the
intention being to provide information for the intelligent utilization
of the most promising locations.

At Kariba, study of lake vegetation was restricted to the
Southern Rhodesian side, where Boughey and Mitchell concentrated

on the sudd aspects and ecology of Salvinia auriculata, and at least
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one university researcher dealt with phytoplankton. To the best of
my knowledge, however, no one‘ has documented through time the
developfnent and composition of fixed vegetation within the draw-
down area or along the margin of the high water level, let alone
related this to the possibility of a cattle industry using the lakeside
area during the dry season. While certain grasses with a high
nutrient value have been observed at Kariba (for example, Vossia
sp. and Echinochloa sp.), the relative proportions of these through
time (and especially since lake stabilizati'on) are unknown.

As for the agricultural potential of the drav-.vdown soils, it
took experimentation by the Tonga to provide a partial answer.
While the lake was gradually filling between the end of 1958 and
the 1963 dry season, no drawdown cultivation was possible, with
all lake basin Tonga dependent on a single rains crop for the first
time in their lives. In October 1963, the high point to date was
reached, with the water level dropping thereafter over twenty feet
before it began to rise again in March 1964. During this time
period, up to two miles of shoreline were exposed in certain areas
because of the gentle gradient. Though without prior experience,
some lake-shore Tonga responded to this situation by planting 90-
day maize in the drawdown area in November. The results were
excellent, with ""some of the best maize ever reaped in the Valley"

harvested in February and March.

March 1964 monthly report of the Chief Agricultural
Supervisor. : .
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While this result was most encouraging, the major problem
was to regularize it on an annual_basis. The problem was entirely
manmade, and derives from the fac-t thé.t the annual regime of Lake
Kariba since 1963 is more irregular than that of the Zambezi be-
fore darnfning (see figures 3 and 4). For drawdown agriculture in
the Middle Zambezi Valley, it is desirable to have a four-month
growing season for most crops. Itis also desirable that this
season occur at roughly the same time each year and at a time when
the population is not involved in other labor-intensive tasks. Un-
fortunately, these conditions are less satisfactory t.oday than before
Kariba. Prior to relocation, the dry season cultivation of the riverine
drawdown fell within the period April-November, although a small
proportion of the crop might be harvested as late as December.
Aside from the harvest of giant sorghum in April-May and the
preparation of garden land for planting in October-November, the
agricultural activities involved did not overlap with those practiced
during the rains. Today this is not the case, since the most reli-
able drawdown season extends from August-December, and hence
overlaps with the rainy season plowing, sowing and first weeding of
inland gardens. But even more serious than this is the annual
variation in the lake drawdown with the resultant -uncertainty of the

farmer as to when to plant.
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ANNUAL PRE-LAKE FLOW REGIME OF THE ZAMBEZI RIVER
IN COMPARISON WITH SELECTED WET AND DRY YEARS

IN THOUSANDS OF CUBIC FEET PER SECOND
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The extent of this uncertainty can be seen by briefly review-
ing the drawdown situation since the record February-March 1964
harvest. During the latter month, the lake 1evel- began to rise
again, reaching its 1964 peak in June-July. Thereafter, a gradual
drop of only slightly over two feet‘(as opposed to 20 the year before)
occurred, with the low point of the 1964-65 season reached in
December, as opposed to March in 1963 -64. Furthermore, by the
middle of January, the rising lake had already passed its 1964
peak. In other words, any Tonga who had tried to repeat the suc-
cessful 1963-64 experiment by again planting maize in November,
would have had their entire crop flooded out prior to its harvest.
Unfortunately, I have no information on how many farmers found
themselves in this predicament. Certainly some had planted
earlier, no doubt in part because of advice given by the agricultural
department in September, and they would have been able to reap
their crop before the next rise. This rise peaked in July 1965,
with the water level then dropping about three feet during the next
four months. Starting in December, however, the level dropped
nearly ten feet in two months. Those who planted early in December,
as well as those who sowed a crop during the preceding four months
of gradual drop, were able to harvest their crops. But those who
planted the much more extensive area that emerged during the
latter part of December and January, would have lost out, since

the lake level began to rise quite rapidly during February and
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March. The agricultural season in queéﬁon (1965-66) was a bad
one at the southern end of the Valley because of inadequate rainfall
in December. Bécause of reports of possit;le famine in Mwemba,
an Agricultural Officer and a Livestock Officer with previous ex-
perience in the Valley were asked to carry out a reconnaissance in
January and February. During the first month they reported that
the only good stands of cereals observed were ''odd spots' along

the lake shore. The next month, the Livestock Officer noted that

the January rise had flooded out drawdown crops planted in both

Chipepo and Sinazongwe. 4 Because of the drought it is likely that
areas planted had been quite extensive, with concerned farmers
;owing the drawdown after the failure of the rains in December-
January. Their subsequent total loss of this drawdown planting
must have been most discouraging.

The 1966 rise continued until about the first of May, after
which the water level fell approximately a foot. Because of the
poor rains harvest, some Tonga may have been tempted to plant
at this time, especially since it coincidec{ with the dry season
planting date that the people followed before Kariba. This would
have been a mistake, however, since the 1966 rise continued during
the second half of May, with the 1966 highpoint reached on approx-

imately the first of July. During the next three months, the water

1
He was not able to observe what had happened in Mwemba,

because by then the rains had finally set in, with the result that the
Mwemba river crossings were impassable.
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level dropped nearly ten feet, and then continued to drop very grad-~
ually until the middle of December, when an equally gradual rise
began. During this drop, conditions for drawdown planting were
good, and at least some farmers in Chipepo took advantage of them
in August, presumably with satisfactory results. A year later at
the same time, however, I observed no planting along the lake
shore margin. Moreover, by October still no planting had taken
place along the land-starved southern end of the lake. Although the
water level had in fact begun to drop in August, the drawdown was
very gradual, being only about two feet by the first of November.

It is too early to know how the Tonga will respond to a con-
tinuation of this type of uncertainty. One possibility is that they
will consider the risks too great, so that in the future virtually no
crops will be grown in the extensive drawdown even during years
when a large harvest might be possible. This is what occurred
along the Nile after the second heightening of the Aswan Dam in
1933. There, after a number of disappointing seasons when crops
were prematurely flooded out, the Nubian population ceased cul-
tivating cereal crops almost entirely within the drawdown area.

A second possibility, perhaps more likely, is that some
Tonga, for a wide variety of reasons which need not concern us
here, will be willing to put up with the uncertainties involved. For

these, early planting (July-August) would appear to be the wisest,

See Scudder, 1967.
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although should the lake level drop sharply thereafter, there is
the danger that crops will find themselves above the water table
during the hottest portion of the year. On the other hand, late
planting on recently exposed soils either just before or just after
the advent of the rains, may be flooded out by a rise in lake level
which in some years may begin as early as December and in others
be delayed until February or March.

Regardless of the alternative chosen by the Tonga, the po-
tential of the lake shore margin will be underutilized in terms of
both productivity an_d the provision of jobs. ! This situation was _
unplanned, since no one in a position of responsibility considered
the relative merits of the drawdown area as a resource for develop-
ment. Looking to the future, planners should think more in terms
of creating more productive ecosystems rather than simply in
terms of kilowatt hours and other statistical indices. More specific-
ally, they should pay morel attention to the food-producing potential
of the lake shore margin as opposed to the river system below the
dam site. In some cases it may well be that this is sufficiently

great to warrant establishing a fixed drawdown regime such as

In terms of population projections, far too little attention
has been placed on increasing job opportunities throughout the Third
World. Systems of lake shore agriculture which will provide a
means of livelihood for thousands of rural residents should definitely
be built into future benefit-cost analyses.
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does not exist for any of t'he major African projects now in operation
or under construction. Under th-ese circumstan;es, the power pro-
ducing potential of the dam generators would have to be integrated
with other power producing facilities, such as thermal stations, so
that conflicts between power and agricultural uses of water would
not always be at the sacrifice of the latter. In other words, if power
needs could not be met by the dam without seriously altering a fixed
drawdown regime, they could be met by increasing output from an-
other installation built into a nationally or regionally organized

system.

After Kariba: River Flow Below the Dam

The impact of the Kariba dam on agriculture below the dam
site is an excellent example of how man's engineering capacities
can drastically reduce the productivity of an existing ecosystem.
Figure 5 shows river flows from October 1958 through September
1963, while figure 6 deals with the period October 1963 through
September 1967. A glance at these is sufficient to show the extreme
irregularity that has been introduced into the annual regime of the
Zambezi between Kariba gorge and the Kafue River as a result of
the dam. Though fortunately commercial agriculture is of virtually
no importance at present in the ;stretch of river involved, this is of
little comfort to those thousands of Africans who desire to cultivate

the fertile alluvia on a twice annual basis. Once again, we have
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the same pattern of increased risks for the farmer in an already
high-risk environment. Once again, it is too garly to predict how
the farmer will respond, although it is already obvious that he has
suffered far more loss from man's manipulation of the Zambezi
than he ever did during any equivalent time period in the past.
During the first three years (October 1958 -September 1961),
there was no Zambezi flood at all between the dam and the Kafue:
indeed, no water was released during the first seven months that
the dam was sealed except for a small trickle in March-April 1959.
During the rainy season, the agricultural implications of having the
Zambezi restricted to its primary channel throughout this period
were inconsequential for alluvium previously cultivated. On the
other hand, the afea that could be cultivated during the dry season
was greatly reduced because of the absence of annual flooding.
During the 1961-62 season, the dam-controlled regime approximated
the original flow pattern for the first time since impoundment began.
While this must have been a relief to those farmers who had suf-
fez;ed during the previous three dry seasons, it proved disastrous
for those who had begun to cultivate rainy season gardens on the
lower level alluvia. This land had never been cultivated during
the rains in the past because of flooding during the annual rise of
the Zambezi. When this pattern was approximated in April 1962
through nearly a six-fold increase in river flow over the previous

month, these new gardens were inundated by over ten feet of water
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within a single day. ) The next year the manmade flood of the Zam-
bezi came in February, again de-stroying crops within these lower
terrace alluvial gérdens, but fortunately not rising sufficiently high
so as to destroy the extensive maize gardens planted in the Lusitu
delta.

The case was altogether different, however, during 1963 -64.
Then three sluice gates were alternately opened and shut throughout
most of the rains, so that virtually none of the Zambezi and tributary
delta alluvia could even be planted during the most important agri-
cultural season. Furthermore, since the river dropped rapidly in
March, and no rain fell during April, "dry season' crops planted
a;.t that time on the higher alluvia would have been subsequently heat
struck. The next three years continued a similar pattern of ex-
treme irregularity, with 1965-66 being a particularly disastrous
year for the alluvial cultivator. Then early-planted rainy season
crops would have been flooded out by the December rise, whereas
most late-planted crops would have been destroyed by the April

peak.z As if this were not enough, those crops planted during the

4 The loss of crops at that time subsequently led to a food

shortage in the Lusitu village of Kadabuka, which was most dependent
on the gardens concerned (The District Assistant, Lusitu, oral
communication, 1963).

Planting during the middle of the season, of course,
would have been impossible, because the water level remained up
during most of December and January. '
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the first part of the dry season would have also been flooded out,
this time by the opening of two sluice gates in June. Under the
circumstances, itis hard to imagine how those regulating the flow
of water through the dam could have acted in a way more detri-
mental to downriver agriculture.

At this point it is important to repeat, in all fairness, that
agriculture in this downriver area today is quite unimportant at the
national level. On the other hand, I am not aware that those plan-
ning for Kariba even considered the implications of alternate out-
flows for the future development of the downriver area. I am not
so much protesting against what happened as against the narrow
v.iewpoint of those responsible for planning installations like Kariba.
This project was essentially a uni-purpose scheme. The population
to be relocated wexe seen not as a resource but as an expensive
nuisance, whose very existence was unfortunate. As for the future
lake, it was strictly a dam by-product, whereas the needs of
downriver inhabitants were considered only where backed up by
political power, and then were seen as constraints by those who
viewed the Kariba Project almost entirely as a means for generat-

ing power.
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POPULATION RELOCATION, AGRICULTURE AND LAND

DEGRADATION

My own study of a single Tonga village in 1956-57 showed
mat the large majority of farming households cultivated approx-
imately one acre per capita, the expected harvest from this acreage
being sufficient to support the population during most years.
Unfortunately, just prior to relocation, there was insufficient land
in much of the valley to provide this minimum, in large part because
of population increase and land degradation. . Though the annually
inundated alluvial soils could support permanent cultivation for an
indefinite period, over 20% of the farmers in our five river villages
did not have any access to such lands. Furthermore, of those who
did, only a small proportion controlled large enough acreages to
meet their consumption needs. In other words, most of the popu-
lation also relied on the cultivation of less fertile upper-level
alluvia and on colluvial and Karroo soils which had to be periodic-
ally fallowed. Though the Tonga were quite familiar with the

amount of fallowing that their various garden types required to

1 ;
See Scudder, 1962, 218-219, and Appendix B. Informa-
tion collected by the Department of Agriculture ranged, on the aver-
age, from one acre to one and one-half acres per capita.

As used in this paper, land degradation includes both sheet
and gully erosion and reduced fertility arising from overcultivation
and overgrazing with or without accompanying erosion.
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restore fertility, lack of additional land was responsible for the
overcultivation and hence exhaus.tion of certain alluvial gardens by
the 1930's. This 'process continued during the 1940's, at which
time certain farmers began to pioneer less fertile Karroo soils well
*back in the bush. By 1957, most of the better Karroo soils within
walking distance were under cultivation, while extensive areas of
upper terrace alluvium were so degraded as to be under indefinite
fallow. While the situation would have continued to deteriorate,
since the exhaustion of the Karroo soils was only a matter of years
away, relocation intervened. The overtaxed lands were flooded
and the people were moved back toward the outer margin of the
Valley or into the Lusitu area below the dam site.
Resettlement, however, did not solve the land problem.

In fact, for many villages in the southern portion of the Valle-y, it
only made it worse, since those soils least susceptible to degrada-
tion through cultivation had been permanently flooded along the
banks of the Zambezi and the lower reaches of the major tributaries.
Table II shows the amount of land available for relocation within

the Valley.. Uﬁder the local system of agriculture, less than 40%

1
of this land could support semi-permanent cultivation (category 1),

1 9 8
This land consists mainly of deep woodland soils which had

been only partially cultivated prior to relocation. Though their origin
is still in doubt apparently, Bainbridge and Edwards (1963) believe
that they were derived from non-Karroo parent material, being
transported into the Valley from the adjacent escarpment and plateau.
Mostly sandy clays, they are quite susceptible to erosion.
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which involves 5-10 years of continuous éroppiné, foll?wed by a
fallow period of approximately e;qual length. The rest (category 2),
ranging in quality from fair to poor, could éupport at best cultivation
for about six years, followed by a 20-year fallow. With almost all
of the arable land in the Valley surveyed, this meant that semi-
permanent cultivators needed an absolute minimum of two acres
per capita, whereas bush fallow cultivators needed five or more.
The situation was by far the worst in Mwemba, where 9000 people
had access to approximately I20,000 acres of category 2 soil, much
of which fell in the less fertile and more easily erodable grades.
To meet their needs, at least 40,000 more acres were needed. In
Sinazongwe, the 4000 people who moved into the Buleya- Malima
area were in a much better position, since they had access to per-
haps 14,000 acres which could be cultivated semi-permanently.
The 6000 people relocated in the Lusitu were in an equally favored
position, with access to at least 20,000 acres of category 1 land.
As for the remaining 10, 500 people, they fell between the Mwemba
and Lusitu-Buleya-Malima extremes. Worse off were the 3300
relocated withiﬁ Chipepo, since they had access to only 8281 acres
of fair to poor quality (category 2).

The problem of land shortage presented by relocation was
obvious from the start to all government officials concerned. After
resettlement had been completed, it was known that approximately

one-third of the population would find themselves in serious straits
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within ten years. The rest were more fortunate, although there
was little room for population increase in some areas and all areas
could easily become degraded in the years ahead through erosion,
overcultivation, and overgrazing.

The response of the Department of Agfic:ulture to this situ-
ation was to push erosion control and intensification, although there
was general agreement that the situation in the southern portion of
Mwemba was hopeless unless further relocation occurred. Two
types of erosion control were stressed. The first would involve a
prohibition of cultivation within 25 yards of the banks of major tri-
butaries. The need for such an ordinance was obvious to all eco-
logically -oriented personnel who were familia.rr with the tributary
system on the Plateau, in the escarpment and in the Valley. Re-
ferring to Mazabuka District on the Plateau, Bainbridge and Ed-
wards reported that ""The amount of run-off, coupled with sheet and
gully erosion that takes place during the heavy rains is quite
frightening.'" With much of their grass cropped right down to the
roots, dambos along the upper reaches of rivers like the Lusitu
are increasingly subject to abnormal flash floods. In the escarp-
ment country leading down into the Valley, the same authors refer
to air photographs which '"show clearly the denudation of the pro-
tective strips of woodland along the stream banks and the spreading

of the cultivation away from the streams up the steep slopes.'

Without a protective cover, flash floods each year remove more of
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the soil,with the authors estimating that within 10 to 15 years ''there
will no longer be sufficient soil left in the escarpment to carry the

present population.' In the Valley, flash ﬂoocis periodically sweep
the now unprotected banks of the major tributaries. When the Lusitu
rose to record heights in a matfer of hours in March 1963 (figures

7 and 8), the extensive river bank areas under cultivation since re-
location were severely eroded (figure 9). Clearly this would not
have occurred if the riverine fringe vegetation had not been system-
atically removed through the upper, lower, and perhaps middle
reaches of the Lusitu. As for the second type of erosion control,
here the stress was on the construction of contour ridges to keep

in situ relocation area soils. Initially, £25,000 were allocated for
this task, the hope being that eventually the Native Authority (now
the Gwembe Rural Council) would take over responsibility for the
financing, construction and maintenance of ridges, with the Depart-
ment of Agriculture's responsibility beiﬁg restricted to locating and
pegging them.

Turning to intensification, in relationship to the control of
land degradation, the core of the program was a two- or four-crop
rotation supplemented by the use of cattle manure. This system
was carefully worked out by a first-rate research man with long
Valley experience on experimental plots cleared from the different
Valley soils. It was then applied on departmental demonstration

gardens and on the holdings of Peasant Farmers and Native Authority
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Improved Farmers. The first ten Peasant Farmers were selected
by the District Commissioner in 1959. After receiving credit from
a revolving fund under the DC's jurisdiction for their equipment and
cattle needs, they became the responsibility of the Department of
Agriculture. At first, each Peasant Farmer was restricted to a
20-acre holding. While building this up, he was supposed to follow
a four~crop rotation involving equal acreages of maize, sorghum,
cotton, and a green manure crop. Supplemental manure (at 3 tons
per acre) was to be applied annually to half the acreage planted in
grain, with each farmer told to build up a herd of 20 cattle to meet
his ox traction and manure needs. As for the NA Improved Farmers,
they had much smaller holdings on which they could receive a one
pound sterling bonus per acre, provided they followed a simple
grain-legume rotation and manured half the grain plot each year.

If actually practiced, the recommended measures most
likely would have been effective in maintéining soil fertility and
preventing erosion. The degree of acceptance, however, by the
farmer has been minimal. No ordinance prohibiting cultivation
within 25 yards of tributary beds was enacted. Even if it had been,
it is unlikely that enforcement would have been possible. Through-
out their known history, the Tonga have always cleared tributary
banks, except for occasional shade and fruit trees, in order to
cultivate the fertile ailuvial soils. After relocation and the loss of

Zambezi and delta alluvia, these soils became even more desirablc,
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with tributary bank clearing extended throughout much of the Valley.
This was especially the case in Mwemba, where other soils were
not only extremely limited, but also of generally poor quality. While
those Tonga involved were well aware of the resulting dangers of
erosion, they saw no option but to continue as in the past. As for
the alternative suggested by the Department of Agriculture, this was
seen as no alternative at all, since no acceptable substitute for river
bank cultivation was presented to them. While contour ridging was
not actively opposed, the Native Authority was unwilling to publicly
back it through its own regulations and sponsorship. Well awar;e
that the Valley residents did not really understand the basis for
éontouring, the Native Authority did not wish to associate itself
with a potentially unpopular measure. After all, their support had
always been low and this was especially so after relocation, which
the NA councillors and chiefs had been pressured into supporting by
the Central Government. Though some 1230 miles of ridges (pro-
tecting 14, 247 acres) were dug under the jurisdiction of agricultural
staff by (jctober 1964, they never received popular understanding,
let alone su.ffiéient support to provide for their maintenance. A
yearllater, construction apparently stopped in the Lusitu, and
thereafter I recall seeing only occasional references to them iq
Agricultural Reports. Though I do not know how these ridges are

faring today, some Lusitu farmers have broken them down in

connection with the cultivation and extension of their own gardens.
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Intensification in the Valley has fared no better as a degrada-
tion control device. Out of a total District farming population of
well over 10,000 males, to the best of my knowledge there have
never been over 25 Peasant Farmers and 75 Improved Farmers.
Moreover, the degree of intensification among these has decreased,
if anything, through the years. According to the Agricultural As-
sistant, Lusitu, in 1965, those wishing to become Rural Council
Improved Farmers wanted to grow unrotated cotton. In 1967,
most Peasant Farmers had sown cotton or maize in plots that they
were supposed to plant in green manure crops. In the Kayuni Block
of the Luusitu, the most enterprising of the five Peasant Farmers
there was mono-cropping cotton during a four-year period, after
which he planned to carry on a cotton/maize rotation. 1 He had also
stopped applying manure, although here the reason, as with other
progressive farmers, was the breakdown of his scotchcart, for
which it was literally impossible to get ﬁarts owing to the Rhodesian
crisis. Moreover, he had substantially increased his acreage with
20 acres now planted in cotton and 9 in maize, versus only 3 in sun
hemp and one in groundnuts during the 1966-67 season. As for the
application of manure at the village level, no one in the village that
I have been following over the past ten years had applied it during

the previous season, or any other season for that matter. The same

1 ‘s
This warrants testing under Valley conditions as a pos-

sible basis for a compromise rotation.
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applied to any form of rotation. Indeed, I doubt that it is an ex-
aggeration to state that no more ‘than 1% of the Valley farmers have
ever practiced either animal manuring or crop rotation on a regular
basis.

The present relocation areas just cannot support the existing
population under these agricultural practices. In South Mwemba,
the population has exceeded the carrying capacity of the land and
is once again subjected to periodic food shortages which are
bound to get worse with time. To prevent this, the government has
decided to re-relocate at least 6000 people, and it is only a matter
of time before this resettlement occurs. Elsewhere, the situation
is still within the control of the local population, since exhausted
fields can still be replaced by uncultivated 1and around the margins
of the relocation areas or in the few areas which have yet to be
settled. On the other hand, I e‘xpect all available land to be utilized
within the next ten years uniess there is a major reduction of
population or change in agricultural techniques. In the highly
favored Lusitu area, the surplus population is already crossing
into the previausly unsettled Mpendele-Mutulanganga area. Though
no one in my own Lusitu study village had joined this movement by
1967,l some of the men had begun to clear distant gardens on the
far side of the Lusitu. In all cases, no intensification was occurring;
rather pioneer farmers were simply reestablishing the same

extensive system of bush fallow cultivation.
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Though the problem outlined in the last few paragraphs is a
severe one, it is not my purpose in this paper to propose possible
solutions. Rather I wish to emphasize in closing that what we are
dealing with here are two incompatible systems of agriculture.
One, proposed by the Departmént of Agriculture, is satisfactory
from an ecological point of view, but is not acceptable to the farm-
ing population. The other, while sati.sfying to the farmer, has
serious, indeed catastrophic, ecological implications under the
present population conditions. The problem is to design a com-
promise system which is acceptable to all involved. Throughout
Africa, research stations have tended to develop new techniques
without taking into consideration the total context within which the
farmer, for whom these techniques are designed, lives. Ecologists,
I think, tend to make a similar mistake when they propose alterna-
tive land-use systems without asking the questions, .''"Can these
support the existing human population wiﬁch, after all, is the
ecological dominant in the area?'" Or, "If not, is there an alterna-
tive way of life available for the people which there is a reasonable
likelihood they will accept?' 1If, for example, cattle pastoralists
are to be driven out of an area to be used for game cropping or
conservation purposes,the same concern must go into planning an
acceptable future for them as relates to other communities within
the habitat concerned. Failure to do this is not only morally

indefensible, but is also apt to be politically unacceptable. In
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other words, a technical or ecblogical solution to problems of
environmental degradation is not of much use unless it is understood |

and implemented by the relevant people at the local and national

levéls .
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