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INTRODUCTION 
By 

William Mares and Liberty Mhianga 

If there is one thing that capitalist8 socialist;, liberal^ 
conservative, rich man8 poor- man agreed upon in the last two hundred years, 
it was that the best of all possible economic worlds is one of unlimited 
expansiono Millions of people have been killed in efforts to prove that one 
system of ownership and distribution is better than another,, but no one 
questioned the notion that growth per se was an unalloyed gocdo 

Thus9 as Ignacy Sachs writes8 "Only a profound sense of uneasiness 
can explain why the theme of zero growth should have so captured the public 
imagination and why it should have been taken up by public opinion within 
so short a times despite the fact that it represents a complete reversal of 
(the economic thinking) of the last two centuries.a«o" 

The sources of this malaise are manifold; they lie beneath the 
Persian Gulf g in the thin soil of much of the world9 in the choking air of 
the world's metropolis in climatic pressures and in the intractibility of 
the human, species o 

What we are concerned with are the failings ©fthe so-called 
development processo Regardless of what happens with jhe notion of zero 
economic growth, it is abundantly clear that the poor countries continue to 
experience more than their share of misery® Is there any way out? 

Despite the universal currency of the term 'development'9 the 
fact is that as a concept and a discipline8 development economics is less 1 than thirty years o!d0 

As the governments of Western Europe put their economies back 
into order after World War IX8 and as industrialised countries in general 
shifted to peacetime economies8 the consensus among economists was that 
poor countries would be helped to develop by the very fact that the rich 
nations kept running and expanding at more or less full stream® Both 
colonies and independent states would benefit from a sort of 'trickle-down.0 

effects By the mid-fifties8 just as de—colonisation began to speed up 
and the economies of the industrialised nations were back in gear8 it become 
evident to those who worried about suck things that the trickle was simply 
not sufficiento The poor countries were so poor that they did not even have 
the boots8 let alone the bootstraps with xtfhich to pull themselves ups 

lo We draw heavily on the paper by Barbara Ward, "Half Pull or 
Half Emptyg Our Planet", Adlai Stevenson Institute8 1974° 
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Most of them had been sources of primary products for their former masters9 
the prices for which were totally out of their controls They lacked the 
infrastructure of public facilities9 education9 trained manpower to function 
as viable governments and ec onomiesq 

Meanwhile9 the onset of the cold war set the scene for the next stage 
of developmento Both blocs attempted to win friends and influence governments 
by pouring large amounts of aid8 grants and outright gifts into the under-
developed countrieso In its most selfless light9 the theory was stated by 
W.Wo Rostow in his Stages of Economic Growtho The aid would help build a 
platform from which the recipient nation could 'take off3 into the sunlit 
uplands of self-sustaining material well-being® 

Swarms of aid-officials9 technologists and economists spread out 
over the globe like locusts8 testing this theory9 that procedures They 
talked about product cart els 8 import substitution leading sectors, rapid 
industrialisation and new townso Roads9 dams8 power stations were builto 
Health and sanitation projects covered the underdeveloped worldo 

The gross national products of these countries did grow8 sometimes 
as much as five or six per cent per year0 But their populations also grew, 
alarminglyQ Mortality rates plummeted while birth rates remained higho It 
was found that the smallest population growth rate among the less developed 
countries8 about 2 per cent, was twice the growth rate of the population of 
Europe in the nineteenth century9 when that continent become heavily industri-
alisedo It was a vicious qy©l©0 

Rapid population growth tended to reduce the proportion of 
current production which could be allocated to investment in 
new capital equipment0o°o What happens in many low-income 
countries is a dualistic trend toward a significant intensive 
development in a small segment of the economy., where 
conspicuous advances are made in productivity and incomes, 
Ttfhile the major part of the labor force remains trapped in 
activities with low productivity and a rising number of totally 
or partially unemployed persons 

Finally8 as Lady Jackson writes3 "the whole Atlantic transition 
to the technological order was cushioned by a vast 'bonanza' of free inputs 
secured by migration to all the planet°s remaining supply of temperate lando" 

20 Prank Larimer in The Population Dileroman Philip Hauser8 editor 
Englewood Cliffs8 lido, Rrentice-Hall9 19638 p0 L?8., 
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All of these somber thoughts spelled disillusionment for donors 
and recipients alike0 

Concern for the "quality of life®, the pollution of surroundings in 
the developed world, the disappearance of animal species, the disfigurement 
and defiling of urban and rural areas alike, had been the thin cry of conserva-
tionists for some timeo Few had heard and fewer heeded their warnings about 
possible irreparable damage being done to nature by the.headlong rush to 
produce and consume more and more goods0 In the iate-sixfcies more and more 
people in the developed world had their consciences and senses pricked by 
Rachael Carson, Stewart Udall, Barry Commoner and David Brower® They began 
asking if economic development has to proceed in ways which befouled the air, 
destroyed the land and which, in the image of one writer, saw the United States 
sending a man to the moon while standing knee-deep in garbageo 

For the most part, these cries of anguish issued from the well-fed 
and the comfortable® But there was no question that over the world hung a 
pall of doubt about where the limits of health, consumption and productivity 
lay0 It was this malaise which led to the United Nations Conference on the 
Human Environment in Stockholm in 1972® From the time of his appointment as 
Secretary General of the Conference, Maurice Strong had his work cut out for 
him® He had to balance the blocs, regional as well as ideological® He had 
to tend to the needs of the small as well as the great powers. Most importantly, 
he had to mediate between the rich nations and the poor nations® And if 
there was one topic on which blood nearly flowed, it was the overall emphasis, 
the sense of the conference® 

"Mea culpa, mea culpa" cried the developed countries® The O'apanese 

delegation spoke as follows? 

The world thinks we have done splendidly in the past txrelve years® 
They talk of our success in growing by 15$ a year® They put us at 
the top of the growth league in gross national product® But come 
and look at the consequences® We 110 longer see Fujiyama more than 
twice a year through the polluted smog® We have to take oxygen to 
doifntown Tokyo if we want to carry through a full day's business. 
Our fish are so full of mercury that we have to cut back on our 
favorite dishes® This is not a society in which people are going 
to want to liver 

3® From Barbara Ward, "Half Full or Half Qnptys Our Planet", Adlai 
Stevenson Institute, 1974® 
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"Selfish and pernicious notions these"9 said the representatives of 
many underdeveloped countries0 "You have robbed us of our products; you have 
the best farmland in the world; you have per capita incomes ten to twenty 
times as large as ours and now you want us to cut back on our growth to help 
you out? ¥0 way!" 

Thirty-three African countries participated in the Stockholm 
Conference and fifteen submitted national reports on their own 'states of 
the environment'® A group of African environmental experts meeting in Dakar 
prior to Stockholm9 noted that, "They (the experts) warn the African 
countries against the so-called dilemma; stagnation (8no growth') or 
continuation of the present ruinous system of exploitation of natural resources®" 
On the contrary, the African environmentalists considered that in their 
present situation, the safeguarding and improvement of the environment must 
be made an integral part of their general development policy® This policy 
must not only be based on their aim of achieving harmonious groxvth and on 
their own specific values, particularly their cultural values, but must also 
be derived both from an economic and social analysis9 including social 
costs, and from ecological research9 within the framework of a model 
specifically designed to serve the interests of Africa's populations® 

In consequence, they felt there should be no conflict in African 
countries between Development and Environment® 

It was the African delegations at Stockholm who took the lead in 
broadening the definition of the basic term 'environment's They asked 
rhetorically why "poverty was not pollution", and if people were dying on 
the land, was that not "spoiling the environment"? They demanded and 
obtained a major concession from the developed countries that a distinction 
be made between primary and secondary environmental problemso In the first 
category were issues of health, sanitation9 shelter and nutritions In the 
second were processes like industrial pollution,, soil erosion, deforestation 
and wildlife preservation® 

Watching the vehemence with which the (mostly Western) non-
governmental organisations pleaded their cases at Stockholm, the delegates from 
the underdeveloped countries could not be blamed for seeing little difference 
between concern for the environment and the conservation movement, which to 
them seemed to hold animals more dear than people® Secondly, they found 
it difficult to sympathise with much of the breast-beating over pollution® 
"Give us your industry and we'll worry about the pollution^" said one delegate® 
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It is a great tribute to the talents, patience and empathy of 
Maurice Strong that the Conference did not break apart over this issueo 
And it was doubtless with that continuing tension in mind that the delegates 
decided to base the newly created United Nations Environment Programme in 
Nairobi, Kenya® This was the first time that a major U.N. agency was located 
outside the developed worldo 

Some delegates from the developed countries complained that the 
all-encompassing definition of the environment would dilute the whole issue 
to the point of meaninglessness® Yet, in fact, it was really a confirmation 
of biologist Garrett Hardin's aphorism that "You cannot merely do one thing," 
on any geographical scale — local, national or global® Gone forever were the 
halcyon days for economists and the rest of us when we could define away 
'externalities' like air, water and landscape® Prom the beginning of the 
Industrial Revolution until the present, the cost of producing goods was only 
what the manufacturer could not avoid paying®^ The popular cry now is that 
"the polluters must pay"0 In many countries, the governments are the polluters® 
Regardless of who is responsible for the most pollution, the fact remains that 
environmental damage will be most severe in those areas already desperately 
poor o 

Nowhere is this more apparent than in Africa® 
He cannot pretend to offer a comprehensive description of the 

African environment® Instead we would like to make a few salient points® 

Some of Africa's major problems stem from her very geography. 
About 60 per cent of the continent is arid or semi-arid® In fact, writes 
Professor William Hance, over 90 pe^ cent of the continent "may be said to 
suffer from one or another climatic disability"® One sees a water situation 
"of plenty where it cannot be used and of paucity where it is most needed". 

Needless to say, a primary aim of development has been to 
redistribute some of the water to make maximum use of it® In their wakes 
many of the dam and irrigation projects brought a host of ecological 
problems® For engineers, the job is to build a dam at the lowest possible 
cost® A dam is a vast but "neat8 enterprise® It may be primarily for 
hydo-electric power, or for irrigation or for fishing or all three® The 
point is that until very recently, all such monster projects were seen as 
turnkey operations® This was the approach taken in constructing the huge 
Kariba Dam 011 the Zambezi River in the mid—fifties® 

4® Barbara Ward and Rene Dubos, Only One Earths Middlesex, 
Penguin Books, 1972® 
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In both planning and construction, scant attention was paid to 
either the people, the animals or the flora of the region® Once the 
2,000 square mile lake was formed, millions of animals simply drowned while 
the people had to stand back and watche In the Gwembi Valley where the lake 
was to form lived over 50,000 Tonga tribesmen® Very little effort was 
made to provide alternative housing or a livelihood for them, even though 
the authorities knew all of these people would be displaced by the rising 
waters® At the last minute, they had to be resettled by forceo 

Once the dam was built and Lake Kariba had reached its maximum 
size, it was assumed that a prosperous fishing industry would develop® In 
fact, there occurred a cancer-like growth of waterweed which choked the shore 
and made net fishing impossible® The weed putrified the area to such an extent 
that it killed many fisho 

The great irony about water in Africa is that it provides life 
and harbors potential death at the same time® Using the latest techniques of 
storage and distribution, it is both a blessing and a curseo Irrigation 
systems so vital for cash and food crops in water-starved areas become the 
major carriers of enteric bacterial infections, diarrhea, c-ercarial dermatitis, 
guinea worm, polio and possibly histoplasmosis0 They also provide suitable 
breeding places for insect vectors of malaria, filariasis, dengue, encephalitis 
and schistosomiasis (bilharziasis)® 

Schistosomiasis affects more than 200,000,000 people in the 
world and over 40,000,000 in Africa® It has been called "the last great 
scourge" partly because its medical control has so far eluded scientists and 
its physical control is prohibitively expensive® It doesn't kill so 
much as it weakens® As John Weir wrote in the World Health Organisation 
Chronicle, 

It is a tragic irony that in many parts of the xrorld the vast 
irrigation schemes constructed with the aim of improving the 
standard of living have had the effect of undermining the 
health of the areas they serve® The network of canals designed 
to carry water to arid territories have proved ideally suited 
for carrying bilharziasis - and sometimes other diseases - to the 
inhabitants® Still more important is the fact that before the 
introduction of perennial irrigation, bilharziasis was unknown 
in many of these areas® For this reason, bilharziasis has been 
termed a "man-made" diseased 

5® Quoted in Milton and Farvar, The Careless Technology9 Garden City, 
H.Y.j The Natural History Press, 1972® 
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Like the rest cf the developing world, Africa is experiencing 
an enormous rural to urban migration® The causes are numerous and complex; 
it no longer suffices to call it the attraction of the bright lights0 There are 
jobs in the citieso There is a progression of migration from farm to village 
to city® More and more people are attempting to live on less and less land 
with the same agricultural techniques® The cities may in fact offer only 
ephemeral", attractions? they may assuage only part of the hunger for 
meaning and self-respect 5 they may be dens of iniquity; they may offer 
disease and crimeo Yet in many countries, anything is better than the emintry— 
side. 

The problems of the cities are getting out of hando The cities 
in Africa are growing at two to four times the rate of the population at 
large0 Squatter settlements proliferate around the centreso The governments 
are sometimes too poor to provide adequate basic services and the result is 
like a chain reaction collision on a highway - more and more people ramming 
into those already stalled or wrecked® 

Despite the rising tide of rural to urban migration ttooxsgiiout the 
continent, something like 80 per cent of Africa's population still lives on 
the land® The relative percentages may change, but the absolute numbers of 
people and animals pressing Upon" tiie same amount of land continue to 
rise. An outer limit of soil productivity may have already been reached in 
large areas® The unchecked and increasing population pressure cannot but 
have the most profound and disruptive effects on the standards of living in 
these already poor countries® As Professor Otieno writess 

In Kenya, 25,000 tons of charcoal are exported yearly and rain-
water catchments are being denudedo Here, forests cover only 2% 
of the total land area and the authorities realize that eliminas= 
tion of forests leads to costly changes in river regimes which 
are often irreversible® Conversion of hushland to grassland by 
itinerant charcoal burners creates environmental degradations 
and conversion of forest land to agricultural land under 
political pressure is a force the government cannot ignore o..o 

Vast and expanding tracts of land around urban centres are beginning to resemble 
the mange on a dog as the trees are cut down for fuel. 

When one sees how difficult it is for a rich, powerful nation 
like the Soviet Union to control its agriculture, it is not hard to see 
why so many underdeveloped countries have paid no more than lip-service to rural 
problems and have concentrated on industry and the cities® 

In their headlong and desperate rush to develop, many poor countries 
have fallen prey to the idea of "one-shot technological fixes"® This dam. 
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that chemical,.this steel plant, that technique will by itself solve all 
the clammering, clustering problems of food, power, employment® They have 
been encouraged in this belief by Western 'experts'® 

The-tragic conditions of the-Sahelian Zone are at least partly 
man-made® Into a tier of basically pastoral countries where the nomads 
have over millennia learned to wrench existence from an uncompromising en-
vironment, marched platoons of aid officials with THE answer - bore well 
holes by the thousands® This, combined with the wide-spread increase in 
health care8 and the unusually large amount of rain for a few years, set 
the scene for the catastrophic effects of periodic droughts (it is still 
too early to say whether there has been a fundamental shift in climatic 
patterns in that area®) Development schemes are drawn up by economists, 
politicians and agricultural scientists, not the ecologists and nomads® 
The latter have required tens of generations to develon ways of interacting 
with that harsh environment® Forcing them suddenly to settle, to change 
from a previous life, upset cultures based upon the absolute right and need 
for movement® The nomadic adaptation made it possible to utilise lands 
unsuitable for most agricultural pursuits and at the same time provided 
surplus animal products for sedentary populations® Nomadic pastoralism 
in its proper place (which is in those marginal lands of the world) can 

6 be an efficient form of land use® 

What" they forgot in building all these wells was that water without 
food is as surely death-as no water at all® Animals and people crowded 
around the watering places trample larger and larger areas in circumference, 
wreaking the same havoc as the bidonville inhabitants in burgeoning cities. 

Garrett Hardin's justifiably famous essay, "The Tragedy of the 
Commons" was remarkably prescient of this African tragedy, and we would 
like to quote it at length® 

The tragedy of the commons develops in this way® Picture a 
pasture open to all® It is to 'be expected that each herdsman will 
try to keep as many cattle as possible on the commons® Such an 
arrangement may work reasonably satisfactorily for centuries because 
tribal wars, poaching, and disease keep the numbers of both man 
and beast well below the carrying capacity of the land® Finally, 
however, comes the day of reckoning, that is, the day when the 
long-desired goal of social stability becomes a reality® At this 
point, the inherent logic of the commons remorselessly generates 
tragedy® 

6® Fa Fraser Darling and Mary A® Farvar, "Economic Consequences of 
Sedentarization of Nomads", in The Careless Technology,, pp® 671-82o 
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As a rational being, each herdsman seeks to maximize his 
gain® Explicitly or implicitly, more or less consciously, 
lie asks, "What is the utility to me of adding one more 
animal to my herd?8 This utility has one negative and one 
positive component® 
1) The positive component is a function of the increment 

of one animal® Since the herdsman receives all the proceeds 
from the sale of the * additional animal, the positive 
utility is nearly +1® 

2) The negative component is a function of the additional 
overgrazing created by one more animal® Since, however, the 
effects of overgrazing are shared by all the herdsmen, the 
negative utility for any particular decision-making herdsman 
is only a fraction of -1® 

Adding together the component partial utilities, the rational herdsman 
concludes that the only sensible course for him to pursue is to 
add another animal to his herd. And another .0 ®. But this is 
the conclusion reached by each and every rational herdsman sharing 
a commons® Therein lies the tragedy® Each man is locked into a 
system that compels him to increase his herd without limit - in 
a world that is limited. Ruin is the destination toward which 
all men rush, each pursuing his own best interest in a society 
that "believes in the freedom of the commons® Freedom in a 
common brings ruin to all®' 

As Hardin himself points out, the tragedy of the commons is not limited 
to agricultural situations® It can be applied to cities, or developed areas0 
The sudden realisation that the world's resources are finite and that we are 
threatened by increasing competition for these resources has sent waves of 
dismay through the chancellories of the Third World® During the October 
War of 1975, some countries broke relations with Israel for the simple reason 
that they thought they would get some kind of economic benefit® In fact, 
they did noto 

The quadrupling of oil prices alone has come close to devastating 
some economies® Will the developing countries therefore be more willing 
than before to become 'pollution haveas' to take on industry which has been 
banned in developed countries? 

For better or worse, many underdeveloped countries are being forced 
into a mode of life which at its most charitable means 'self-reliance'® 
The developed-world is in disarray, economic nationalism is gaining currency 
and adherents® It is impossible to imagine that the developed countries have 
the will and desire to shift the huge amounts of capital which would be 
required to even make a dent in the underdeveloped countries' economies® 
From now on, development may have to be largely internalised® There must 

7® In Sciencefl 162 December 13, 1968, pp® 1243-48® U®S® copyright 
1968 by the American Association for the Advancement of Science® 
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be a significant rethinking of the potentials for labour-intensive, capital-
deficient project So Or j. to.put it differently, more attention will have 
to be paid to human capitalo 

Governments are-huge, powerful, lumbering beasts0 They don't 
move backward very easily® All African governments are committed to 
development® Many.of the development projects will either fail or fall 
short of eaqpectations unless and until the men and women who make the decisions 
about them become sensitive to and knowledgeable about the environmental 
and ecological- aspects of development« It is abdundantly clear that for 
a biologist, expertise gained in one area or climate, for example, is almost 
worthless in another, climatic region® And obviously there is a brutally 
wide range of expertise required - planning, engineering, ecology, botony, 
anthropology, climatology, limnology, chemistry, entomology, medicine, etc® 

Pew countries in Africa have experts.in all these fields and the 
ones they have are.spread.thin® In many cases, hard pressed governments 
have been forced to rely on foreign-trained experts who have neither the 
knowledge nor the background to deal with the problems they were hired to 
solve® Still another problem has grown out of what Barry Commoner calls 
the 'reductionist view'. That is one in which the 'problem' is broken 
down into its. component parts each of which is tackled separately® It is 
born of the American tradition of maximum.specialisation® The soil experts 
say one thing', the cattle experts another, the hydrologist a third® They 
never get together® In fact, they are each intimately involved in the 
same overall problem® 

Still another problem bedeviling the underdeveloped countries 
is the lack of basic research geared to or located in these areaso (One 
research facility which.is an exception to this generalisation is discussed 
in Dr® Odhiambo's paper„) In addition, most African scientists themselves 
have been trained outside Africa® As one indication of the gap which 
exists, it has been pointed out that there is probably more data on the 
soil, climate and hydrology of one California agricultural county than 
there is on most entire African countries0 

The most telling- and critical lack in those countries bent upon 
development is trained manpowers Pew developing countries have officials 
within their civil services who can ask the right questions about develop-
ment projects® Officials responsible for projects all too frequently think 
only of the 'positive' results® Prom the mistakes of the past we are 
painfully aware that "we can never do merely one thing"® 
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Will a bilharzia epidemic do more damage than the presumed 
agricultural benefits of a dam? 

Will greater -uniformity of crops actually be better for the 
people and the land? 

Will the loss- of silt behind a dam demand an unacceptable amount 
of chemical fertiliser in compensation? 

Is sedentarisation of nomads the best usage of people and 
pasture? 

One path out of the Slough of Despond has been suggested by 
Professor Sachs and has-been taken up by the United Nations Environment 
Programmes (See his paper in this report)0 He defines eco-development 
as a "style of development which - in each eco-region calls for specific 
solutions to the particular problems of the region in the light of cultural 
as well as ecological data and long-term as x-rell as intermediate-term 
needs.". The style of development he describes goes beyond the alleged 
universalist solutions, the one-shot technological fixes, the uniformity 
of cropping, the inappropriate technologies® It is a type of development 
with local answers to local problems® 

Our seminar was designed as a pilot project to help fill a 
manpower gap® We .used anaialogy from soil science where in order for 
large quantities of fertiliser to be absorbed by plants, metallic trace 
elements are required® In the same way, large sums of money can be used 
to advantage by a community only if there is an efficient mechanism through 
which it can be channeled® We ought therefore to sensitise a small number 
of middle and upper-echelon officials to problems of the environment® 
Our objectives were three; 

1. To help the participants become aware of their individual 
and common problems; to give them an ecological perspective, 
so to speak, by demonstrating to them the centrality 
of environmental issues to successful development efforts® 

2. To give them a body of information about African 
environmental problems and ways in which they may obtain 
further information and advice® 

3® To establish a cadre of officials in each country who 
can play an effective role in reviewing development plans 
from an environmentalist's point of view® A corollary of 
this is that each of the participants will realise that there 
are men in the other countries who are up against the 
same problems, and this may lead to exchanges of information® 
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Nascent field that it is, the study of the environment is also 
subject to that double bane of all fields of inquiry - the information 
explosion® The first danger is inundation, to be drowned by the sheer 
volume of data® The.second is obsolescence^ And a third difficulty for 
the less developed countries is isolation — being out of touch with 
the sources of informationQ The United Nations Environment Programme has 
made a great advance in creating the International Referral Service 
(ioRoSo)o This agency is.designed to assist those governments, organisations 
and individuals who have specific environmental problems communicate with 
others who are working on the same or similar issues0 In a very modest 
way, we hoped that this seminar xrould be the basis for an informal regional 
X oR ©So 

The papers which follow provided the basis for discussion during 
the seminar® The aim was to provide basic information which would put 
all the delegates on a more or less even footing when the time came to 
discuss the two case studies, one a ficticious country named Kuumba, and 
the other the area around the toiirn and lake of Nakuru in Kenya, which 
the delegates were able to visit® 

In the.case of Kuumba, the delegates were divided into small 
groups which functioned as planning agencies and came up with recommendations 
about the course of development Kuumba should take® In the Nakuru case, 
initially the role-playing technique was tried, with each participant 
taking the part of a town managers a park warden and so forthe The 
participants moved on from this role-playing situation, and made a number 
of recommendations on how the complex of forces and influences at work 
in the unique situation at Nakuru could best be handledo 
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AFRICA AND THE ENVIRONMENTAL CHALLENGE 
By 

Nicholas Co Otieno, Chief8 Natural Resources8 
Economic Commission 

for Africa 

INTRODUCTION 

The African continent presents a gigantic question mark which 
embodies a complex environmental mosaic riddled with so many imponderables 
that our efforts to find solutions to these questions - leave alone 
understand them - fall far short of what the African masses expect from uso 
At the centre of the African riddle lies the frightening realisation that 
we are almost totally ignorant about the behaviour of the many-faceted 
variables that make the African environment what it is at present; nor 
are we in a position to predict how these will behave in future® 

All we know is that the ..result of Africa's environmental 
variables is the oppressive poverty that permeates African society and 
renders.the masses helpless8 thereby losing their identity and self-
respect o In the words of Adlai Stevenson8 "A hungry man is not a free man"® 
If this statement is accorded the seriousness it deserves8 then the African 
individual who spends the day wondering where his next meal will come from, 
the one who goes to a miserable bed with half empty stomachy he whose very 
existence is stalked by periodic famines which often plague the land, or 
the farmer who never earns enough from his crops to feed his starving 
children — this man has yet to know and experience what it means to be free® 

The African wants to escape f̂ ora an environment characterised by 
grinding poverty, high mortality rates, rural and urban squalor, the 
scourge of endemic diseases, malnutrition and all other environmental 
insults which have rendered his lot that of hopelessness and utter despair 
from his cradle to his early grave0 This same brutal environment is 
undergoing far-reaching changes and modifications at break-neck speeds; 
and the African must accommodate himself to the changes at far greater 
speeds if irreversible disasters are to be avoided® 

This short paper attempts to focus on this environmental scenario 
by providing an outline of how the African's efforts to grapple with the 
elements and to improve his lot have altered his environment either for 
good or for ill0 Topics such as climate,, use of water resources (above-
ground and under-ground), utilisation of flora and fauna, agricultural 
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practices, educational methodologies, urban-rural problems, energy, 
minerals, transport and industrialisation are given brief" treatments so as 
to bring out some of the environmental challenges which Africa faces todayo 

CLIMATIC FACTORS AMD WATER RESOURCES 

The African continent lies astride the equator and extends as far 
north as 35° latitude, and as far south as 35° latitude0 This placement 
determines the position, direction and regularity of the continent's at-
mospheric circulation? the frequency, intensity and distribution of 
rainfall precipitation; as well as the circulation of oceanic waters 
around her shores® With respect to the atmospheric regime, the tropical 
convection currents regularly ascend and descend in specific ways and affect 
the continents climate locally, whereas other air streams reach Africa 
after emanating from various parts of the globe; and whatever environmental 
changes take place in their places of origin would be experienced in 
such a way as to affect Africa either for good or for ill® The amount of 
rainfall, its frequency and intensity, which varies both regionally and 
seasonally in Africa, determines the quantity of surface waters, river 
regimes and the rate of recharge of the underground water resources of the 
cont inent« 

By virtue of its global position straddling the equator, Africa has 
distinct high pressure belts on the tropics - north and south of the equator -
and an equatorial low pressure belt lying more or less along the equator® 
This situation would remain static and seasonal changes rendered less 
variable were it not for the revolution of the earth around the sun which 
makes these pressure belts oscillate northwards or southwards9 relative to 
the equator, with the apparent position of the sun during the year® The 
tropical high pressure belts lie approximately along the 30° parallel, north 
and south, and are characterised by descending and divergent dry air currents 
throughout the year; while the equatorial low pressure belt lies along the 
equator and is characterised by ascending air masses® The pressure of these 
two high pressure belts separated by the equatorial low explains the presence 
of the regular- easterly winds which occur in the African low latitudes; and 
it is the oscillation of the high and low pressure belts over Africa and her 
neighbourhood that normally causes the seasonal variations of temperature 
and rainfall precipitation and explains the spatial distribution of 
ecological zones in Africa® 
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Between 10C'3ST and 10°3 latitudes^ Africa has a typical tropical 
climate of high temperatures and heavy monsoon rainso Elsewhere^ 
temperatures and rainfall are moderated by altitude so that about one-third 
of the continent receives over 40 inches of rain per year while another 
third gets less than 10 incheso In the immediate north, east and south 
of the tropical equatorial belt, climate is often harsh, and rain varies 
from year to year as most of the annual precipitation falls during the 
north-east monsoons which are in themselves variable0 West Africa and the 
Congo basin are well watered by the south-west monsoonso Rainfall 
variability and reliability thus fluctuate as one crosses the continent 
from west to east and as one moves north or south of the equator® 

Large areas of Africa receive seasonal and unreliable rainfall and 
are subject to serious water shortages for man8 animal and plant® This 
situation is further aggravated by the fact that the amount of incoming 
radiation is large8 temperatures are high and the potential for evaporation 
from open surface waters is high over most of the continent as compared with 
rainfallo It is estimated that 42 per cent of Africa is extremely arids 
42 per cent has rainfall of between 250 and 500 mm8 42 per cent has from 
500 to 1500 mm of rain, whereas 16 per cent has rainfall above 1500 mm0 A 
few countries will be mentioned to illustrate the environmental problems 
created by shortage of water® 

In Somaliag water supplies are so extremely short that the demand 
for reliable^ perennial sources of water for human and animal consumption 
is seriouso 

In Kenyan 491,000 square kilometres (80 per cent of the country) 
receives between 200 mm and 750 mm of erratic rainfall with the result that 
semi-desert and arid areas occupy more than half the country in the north, 
north-east and southern parts.<-

Sudan has an area of about 1 million square miles half of which is 
desert or semi-desert with moisture index varying between negative values of 
-40 and ~60o In this area, the harnessing of available water resources and 
their conservation for consumption constitutes the main problem facing many 
development projects® The area north of 12° latitude in the Sudan is described 
as a thirst zone where the quantity of water needed in the dry season is 
21 billion gallons of which only 40 per cent is available, and where only 
5 litres are available per person per day compared to W0H0O© estimates of 20 
litres per person per day0 Life here is one perpetual grim struggle to 
find enough water to keep man, his crops and beasts alive® 
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Most of Central and Southern Africa is a semi-arid area of low and 
erratic rainfall and where evaportranspiration is extremely high® 

In Lesotho.,, large areas suffer from frequent droughts leading to 
serious fluctuations in agricultural production and insufficient supplies 
of water for human consumption in several townso In Madagascar n the 
southern part of the country is semi°~aria, water is short and agricultural 
efficiency extremely lowo 

The situation outlined for a few countries reveals the grim 
environmental hazards which several African countries face with respect to 
availability of water® Its shortage often leads to famines which disrupt 
social and economic lives - often leading to death® Little is known about 
the hydrographic regimes and rainfall patterns so that African countries are 
unable to plan on rational use of available water - both surface and under-
ground® 

Surface Water- Resources 

The continent possesses massive bodies of water that could be used 
for development® Lakes.Victoria8 Albert, Kivu, Malawi, George, Edward, 
Rudolf, Baringo, Magadi, Manyara, Nakuru and Chad form an important 
resource® Where they are shared by a number of countries, their maximum 
utilisation to environmental advantage can be realised through international 
co-operation® 

In addition to the lakes, there are over 50 river basins in Africa 
which are shared by two or more countries® The total area of these 
international river basins covers approximately 40 per cent of the total 
African area and provides scope for in increased exploitation of the water 
resources for fishing, transport, irrigation and production of hydro-
electric powero For such activities, inter-African cooperation is an 
essential condition for the rational exploitation of water resources® 
With respect to Nile waters, agreements started in the nineteenth century 
during the colonial era aimed at facilitating irrigation in Egypt and the 
Sudan0 It is known that Egypt required 62,000 million cubic metres per 
year in 1971 to irrigate perennially 3=16 million hectares, and will 
ultimately require 77,820 million cubic metres to irrigate 4®1 million 
hectares annually® The Sudan requires about 26,800 million cubic metres 
for irrigation annually® Irrigable land in the Kenyan part of the Nile 
basin is an area of 52,212 acres that requires over 296 million cubic 
metres of water annually® The total quantity required for Uganda within 
the Nile basin is 1=5 million cubic metres® Even without considering 
Tanzania's requirements, there is already a shortage of 17,000 million 
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cubic metres of water per year for the riparian states8 and cooperation in 
the utilisation of the Nile8® waters is essential® 

A major step in achieving collaboration between Nile basin states 
took place in 196? when Tanzania8 Uganda8 iigypt and the Sudan started a 
hydrcmeteorological survey of the basins of Lakes Victoria, Kyoga and 
Alberts It is hoped that data from this survey will increase the 
knowledge of the natural hydrologic phenomena of the Nile catchment areas 
before complex: systems of flow regulation of the Nile are set up0 

The Niger basin covers more than 1 million square kilometres and is 
shared by nine-countries in West Africa® Due to the river's economic 
importance8 experts from riparian states held a number of meetings between 
I96O and 1963 aimed at pooling results of their hydrelogical studies of the 
river® In 19^4» they established the Niger River Basin Commission with 
headquarters in Niamey 0 This Commission deals with all aspects concerned 
with irrigation and navigation along the river® Such co-operation enables 
the countries to plan for flood control in the Niger basin as well as 
coordinating joint development programmes® 

The Senegal river basin cover 3338800 square kilometres and is 
shared by four states which formed the Senegal Basin Commission in 1963° 
The body is charged with the task of promotion and coordination of 
technical studies for the joint exploitation of natural resources of the 
basin including such activities as irrigation8 river transport, power 
production and distribution, and miningo 

The Chad basin covers an area varying between 13,000 and 23,000 
square kilometres, depending on the season, and is shared by four countries® 
It is the largest closed river basin in the world with Lake Chad lying at 
its lowest level and receiving x̂ aters from the Logone ar.d Chari river 
systems® The lake has fresh water suitable for irrigation in a semi-
arid zone inhabited by nomadic stock breeders who are normally short of 
water® 

In 1964, the four riparian states formed the Chad Basin Commission 
through the signing of a Qonrentioa which obliged members to abstain from 
carrying out any works in the basin which would have a marked effect on 
the surface and groundwater flow without adequate notice and prior consul-
tation® Farther agreements are contemplated in areas such as customs 
duties, transit arrangements, border control, communications8 transport, 
land and water conservation® 
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Environmental Problems of Man-made Lakes 

Man-made lakes have appeared in the African scene as an important 
source of surface waters® The creators of these lakes have often had 
noble ambitions and lofty goals to improve the quality of the physical 
and social environments of the citizens by producing electricity, 
raising of additional food through irrigation, increasing fish production 
and improving navigation0 

Lakes Nasser, Karilba, Kainji, Volt a and Kossou are the main ones to 
be considered here® In creating these lakes, there has been a tendency to 
give an over-riding disproportionate emphasis to more material aspects of 
growth, human considerations have often been overlooked and human beings seen 
only as instruments of production rather than as free entities for whose 
welfare and cultural advance the increased production is intended® At 
Kari'ba9 50,000 Tonga tribesmen were moved without plan and it took them 
two years to clear sufficient land to meet their subsistence needs and 
government had to step in with relief to avert famine and misery. In 
High Aswan, 100,000 .people were relocated without plan and the World Pood 
Programme had to rush in famine relief to the Nubians® In Ghana, 80,000 
people were moved, but one year after relocation, the government11 s ambitious 
agricultural programme was successful in only 1 out of the 52 planned 
communities - and the World Pood Programme again had to step in with relief. 

Ecological disturbances associated with man-made lakes include 
increase in the incidence of bilitar&iasis in Egypt, Sudan and Ghana, 
disturbance of the micro-climate, possibilities of earthquakes, emergence 
of aquatic weeds which hinder transport and alter the environment for 
biological production in the lake and probable accumulation of silt behind 
the damso 

Underground Water Resources 

Underground water resottrces have not yet been fully exploited 
except for a few local and regional areas® In the Maghreb;, untapped resources 
include the underground, flow to the sea through fractured zones of 
coastal limestone,, freshwater submarine springs, water-bearing dunar 
sands and certain deep aquifers which call for expensive drilling 
operations® In this area over 20 per cent of underground water 
resources are being exploited® In other areas, cities such as Dakar, 
Abidjan, Tunis, Mogadishu, Lome, Mombasa, Nairobi and Lusaka depend on 
ground water for their supplies® 
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Africa's attempts to exploit underground water resources are hampered 
by a number of intractable problems0 The economic and social importance of 
groundwater is often disregarded because the source is not visible0 Shortage 
of qualified personnel and finance hinders research and exploitation® 
The number of groundwater engineers and geologists in Africa= most of whom-are 
expatriates - about.equals the number .in Rumania® In addition, drilling 
rigs are often in poor working condition:-; due to lack of spare parts® 
Institutional and legal problems also hinder the work of exploiting under-
ground water® Services in charge of prospecting for underground 
water are not always adequately integrated with governmental administrative 
structure and are either scattered in several ministries not sufficiently 
related to geologic or hydraulic servicesg or they are entirely isolated® 
Some countries have neither legislation nor the means to enforce measures 
which would ensure rational development and protection of essential ground-
water resources® 

FORESTS AND ANIMALS ITT THE AFRICAN ENVIRONMENT 

The rich forest resources of Africa are being exploited at such high 
rates that environmental distortions are already being felt in most African 
countries® In most of sub-Saharan Africaa population growth has led to 
increasing demand for land and led to conflicts in land use between man and 
wild animals so that areas inhabited by the latter have continued to shrink® 
Use of timber for charcoal burning is leading to serious land deterioration® 
These situations are illustrated by the followings-

Xn Kenya» 25,000 tons of charcoal are exported yearly and rain-water 
catchments are being denuded® Here, forests cover only 3 per cent of the 
total land area and the authorities realise that elimination of forests 
leads to costly changes in river regimes which are often irreversible® 
Conversion of bushland to grassland by itinerant charcoal burners creates 
environmental degradations;, and conversion of forest land to agricultural 
land under political pressure is a force the government cannot ignore® 
Efforts at reafforestation by planting exotic trees have led to a multi-
plication of pathogenic organisms® Periodic fires during the dry season 
often destroy vast tracts of forest land® 

In Tanzania, frequent fires during the dry season kill trees and 
seriously alter soil structure0 Shifting cultivation in semi-arid areas 
coupled with over-stocking lead to destruction of forestso The country 
has embarked on reafforestation programmes in Kilimanjaro and Usambara 
catchment areas and has passed legislation aganst burning® 
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Zambia's shifting cultivation known as the ,,Chitemene,, system in the 
north-west leads to serious deforestation and erosion. Charcoal burning 
adds to this destruction,-and the government has plans to plant 100,000 
acres with forest by 1990o 

Swaziland was once richly endowed with a wide variety of flora and 
fauna, but the impact of human settlements during this century has made 
enormous inroads into the indigenous wild life,, Reafforestation 
programmes have been set up. 

In Congo (Brazzaville) forestry is the main rural activity and 
provided 50 per cent of the country's exports in 1969? ^ut present 
rates of exploitation, forestry resources might be depleted within 60 
years. 

I*1 Cameroon, 700,000 tons of wood are felled yearly and exported 
in the form of logs, sawn timber and plywoodo 

In Nigeriafl forests cover 139,000 square miles of which 36,104 are 
gazetted as forest reserve. Timber logging is a major industry, but it is 
feared that the resource might be depleted due to improper logging 
operations and illegal logging and felling. Afforestation programmes have 
been startedo 

In Ghana;, timber comes from the high forest zones in the south 
western parts of-the country and 50 to 60 million cubic feet of timber 
are cut annually® In non-controlled areas agricultural expansion has 
led to serious forest destruction, but in reserved areas the government 
is working on some kind of sustained production basis. 

In Liberia,, preservation, protection and maintenance of 9 million 
acres of high forest is of primary concern to the authorities® But 
forest exploitation is expanding rapidly through logging concessions 
which have been granted during the past few years - and logging operations 
in Liberia have been given a stimulus by the depletion of hard woods in 
neighbouring Ivory Coast0 

These few examples illustrate the situation prevailing in most 
African countries® The problem of cut-and-burn shifting agriculture and 
periodic fires totally destroys vast forests in Africa® Charcoal burning 
to supply fuel for urban centres is another menace - as is overstocking. 
Concessions to foreign logging firms in several countries are such that 
the loggers are encouraged to practise a 'cut and quit® policy which is 
already depleting hard wood forest resources which take as long as 60 years 
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to regenerate® Pressure for expanding agricultural requirements poses a 
dilemma since governments are politically committed to provide land for 
their ever-increasing populations® These are some of the serious 
environmental challenges in the management of forest resources in Africa® 

Animal Resources 

The fate of the. valuable hardwood forests is matched by that of the 
unique animals which are hunted, killed and poached with such ferocity and 
barbarity that they are threatened with the fate of the classical dodo® 
A few random examples will suffice to illustrate the plight of these 
animals® In the Sudan, the valuable gazelle has been heavily poached and 
is all but eliminated from the plains east of the Blue Nile® The ostrich 
is being killed at.the rate of 1,000 birds per year and is vanishing in the 
northern provinces® The crocodile is almost depleted® Leopards have 
almost been wiped out from the B©d Sea Hills and the previous equilibrium 
of prey and predator between leopard and baboon has been disturbed to such an 
extent as to lead to baboon population explosion to the discomfiture of the 
farmer0 The legendary Ivory Coast has.very few of these animals left® The 
rhinoceros is in danger, of. extinction in many areas® The paradox with 
respect to poachers is highlighted by Indira Gandhi when she says, "unless 
we are in a position to provide employment and purchasing power for the 
daily necessities of the tribal people and those who live in or around our 
jungles, we cannot prevent them from combing the forest for food, and 
livelihood, from*poaching and from despoiling the vegetation®" 

National Parks and Game Reserves 

The above forebodings have led several countries to establish 
sanctuaries and parks where animals and plants can live unmolested in the 
hope that they will be preserved for posterity® The establishment of 
these parks recognises the fact that human hunger for beauty and for 
natural things is a reality; and it is possible that the wild animals may 
provide the much needed protein for local population® 

Tanzania has established 13 games reserves - some of which are world 
famous - where the Game Department employs game scouts to prevent poaching. 
Lack of adequate funds and enough trained manpower including inadequate 
public awareness of the importance of wild life all act as bottlenecks in 
implementing effective conservation measures® 

In Swaziland, the buffalo, elephant, rhinoceros, giraffe and lion 
which used to roam the country disappeared long ago® Now two game 
reserves have been established and a trust Commission created to administer 
national parks® 
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Uganda has established some great national parks which are world 
famous; while neighbouring Kenya pursues a vigorous policy for the 
conservation of natural resources® National parks of Kenya cover some 
25,000 square kilometres or 4P e r cent of the total land area® Legislation 
has been introduced aimed at utilising these resources without serious 
environmental disruption® Problems have arisen in imbalances created by 
increase in the number of elephants in the Tsavo National Park - mainly 
due to lack of understanding of the population dynamics of these animals® 
There is increasing pressure on the habitat from thousands of visitors 
\-rhose numbers double every four years and tend to urbanise the wild areas 
to the extent where conflicts of objectives arise® 

Botswana has established six national parks; while in Zaire the 
authorities are vigorously expanding their game reserves after they 
realised that elephants which were estimated at 100,000 in I96O had almost 
been depleted five years later® Education of the masses to respect wild 
animals is a difficult problem in the country® 

In Cameroon, certain species of wild animals like the gorilla, 
chimpanzee.and the ostrich were found dwindling and their killing has been 
prohibited. The government has established several national parks but finds 
poachers so numerous the country is barely able to keep up with them. 

Nigeria is concerned with the destruction of wild animals on a large 
scale and has passed legislation and created reserves where hunting is 
prohibited® Chad, Niger and Senegal have also established game reserves 
as the main method of preserving their wild animals® 

It is with these unsettling facts in mind that African countries 
should sign and help to enforce both the 0.A®U® convention on protection of 
wild life and the convention on trade in endangered species signed in 
Washington, D.C® in 1973® Both of these, however, will only be effective 
if the consumer countries introduce and enforce stringent measures against 
the importation of animal trophies® 

Tourism 

Africa's 'unspoilt' nature and her fantastic game attract all types 
of visitors from the rest of the xrorld« Receipts from tourism rose 15 per 
cent to US$390 million in 1970E Tourism arrivals rose by 14 per cent in 
1970 compared with the world rate of 9 per " cent s ' ; 
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The main problems stifling further growth of tourism include costs 
of getting to Africa, inadequacy of infrastructure and shortage of hotel 
accommodation0 But several environmental considerations arise® As the 
visitor pressure increases,, the impact of the tourist becomes so accentuated 
that in some cases delicate habitats have been destroyedo Added to this, 
the tourist himself becomes disillusioned with the overcrowding from vihich 
he was trying to escape0 

In Kenya, tourism is the most rapidly expanding industry and is 
second to agriculture in foreign exchange earningso The number of 338,777 
visitors in 1970 was..estimated to rise to 400,000 in 1971» bringing a gross 
income of £18 million which would rise to £50 million in 1975° The 
government is encouraging the development of game lodges in parks and 
reserves to the tune of 500 new beds and the development of infrastructure 
including new tourist attractions in mountains, beaches and archaeological 
sites so as to reduce visitor pressure on national parkso 

In Tanzania, government policy on tourism comprises sustained 
efforts to publicise Tanzania, an increase in the number of hotel rooms 
especially.near..game parks, and placing the industry in the hands of 
Tanzanians® The aim is to increase the number of visitors to 120,000 
during the 1973/74 period, as compared to 72,300 in I969/7O® New lodges 
are being opened in Ngorongoro, Arusha and Serengeti, a new hotel is being 
constructed in Arusha and an international airport has opened in Kilimanjaro® 

Nigeria is just beginning to develop tourism by the formation of 
the Nigerian Tourist Association® National parks are being developed 
and the number of visitors was 100,000 in 1971® 

Sierra Leone plans to improve the tourist industry by setting up 
game parks, sports facilities, better accommodation in the provinces and 
improvements in transport and communication® Ghana intends to spend 
vast sums of money in developing tourism® 

Swaziland opened a casino in 1966 which attracts up to 100,000 

tourists from South Africa yearly. Lesotho, which has beautiful mountain 
scenery and a pleasant climate, was only able to attract 50,000 tourists 
from South Africa in 1971. 

In Ethiopia, the number of visitors is small in comparison to 
available bed-space® Some 36,000 people visited the country during 
1968/1969 but still the hotels operated with low occupancy rates® 
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The above examples illustrate that the continent has vast tourist 
potential and shows.that tourism can play an important part in the 
continents economy*, The main question that arises is "Who gets most of 
the money from the tourist industry in any one country?" 

AGRICULTURAL ECT7IR0MrEHT 

Basically8i"t can be said that agricultural progress in Africa is 
lagging behind industry in the adoption of modern production techniques 
and of economic institutional arrangements required for vigorous increase 
of productivity. This lag, in turn, retards industrial progress because 
a large part of the rural population is not generating sufficient purchasing 
power to create the demand needed for absorbing the growing industrial 
output - which, in turn, leads to idle capacity in many factories. 

In most countries, the traditional farming sector is characterised 
by fragmented farm holdings - decreasing in size as a result of population 
pressure - situated in remote and sparsely populated areas having poor 
transport and marketing facilitieso The farmer is normally uneducated. 
The inadequacy or non-existence of storage, distribution and marketing 
facilities discourages the progressive farmer from producing more than his 
family needs« Prices fluctuate and even the governmental price stabilisation 
policies of marketing boards are often so unsatisfactory that they make 
farming an unattractive proposition and lead to an exodus to the towns and 
the depletion of agricultural labour from the rural areas. 

The traditional farmer can hardly be pursuaded to modernise. He 
needs local facilities for moving goods into and out of his locality, for 
getting modern inputs available in time, for grading, storing, processing 
and selling. He needs research and extension services to demonstrate 
modern techniques and adapt them to local conditions. He needs credit and 
marketing services at favourable terms under well managed cooperatives. 
Above all, he needs a rural aocial environment that encourages the 
development of his managerial capacities and civic responsibilities. Land 
tenure conditions must be so improved as to provide security and managerial 
freedom, give protection against high rents, etc. 

A further problem in the agricultural environment relates to those 
countries which depend on a single crop economy. The situation becomes 
more complex where a number of countries produce the same agricultural 
commodity for sale in world markets. Both situations lead to disastrous 
consequences to the economies of the countries concerned whenever world 
prices drop. Added to this, a single crop is often exposed to destruction 
by physical disasters, pests and diseases® It is therefore important for 
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African countries to cooperate in order to diversify their agricultural 
production and to plan a strategy for selling their goods in world mar-
kets despite failures of UNCTAD® They should aim at processing their 
own agricultural products and selling finished goods as one sure way of 
escaping from-the stranglehold of unstable prices for primary products in 
world marketso 

The unreliable rainfall^ many parts of Africa - already referred 
to - is a serious constraint and leads to disastrous crop failures followed 
by famines which necessitate importation of food at great cost® In the 
case of livestock, production is hindered both by the shortage of water in 
arid and semi-arid areas and by the presence of many diseases disseminated 
by anthropod vectors® The presence of foot and mouth disease and anthrax 
has led European countries to prohibit import of meat, etc® from Africa on 
sanitary grounds® 

Corrective Measures 

Despite the many environmental hazards to agricultural production, 
several African countries are making efforts to introduce measures to 
improve the life of the rural.farmers® These include the introduction 
of rural settlement schemes e®g® Ujama Villages; operation feed yourself 
(Ghana); campaign for freedom from thirst (Sudan)o In addition, 
efforts are being made to improve land tenure and to make the farmer more 
secure; to introduce hybrid seeds, fertilisers and pesticides® Above 
all, African countries realise that their only hope of success is the 
training of agriculturists and extension workers who will go out into the 
countryside and work hand in hand with the uneducated farmer® 

FISHERIES 

In the African environment plagued by deficiency diseases arising 
from protein shortage, many dieticians have advocated more extensive and 
intensive exploitation of fish resources as an alternative source of 
protein® This desire has not been fulfilled due to lack of precise know-
ledge of fishery resources, both marine and fresh-water, and by the poor 
methods of fishing used by small-scale African fisherman* 

With respect to marine fisheries, the vast majority of fish-off the 
west, north and east African coasts are landed by foreign trawlers - Russians, 
Poles, Norwegians, Japanese, etc; and certain fish are all sent to Europe 
and America® Many operators illegally stray into African waters and 
process fish to export to Europe to feed pets® Overfishing in African 
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waters is already a serious issue and it is likely that the big operators 
will cause permanent damage by overfishing0 

Sierra Leone imports one-third of its local fish consumption,, 

Tunisia has 1,300 kilometres of coastline but produces only 30,000 
tons of fish for domestic consumption,, Sardine fishery resources of the 
Mediterranean are reported to have dropped seriously off the Ifeyptian coast 
as a result of the ecological effects of the High Aswan Dam® In Nigeria, 
development of marine fisheries is reported to be affected by the 
narrowness of the continental shelf and may be further affected by 
development of off-shore oil drilling® Ghana is importing fish for 
local consumption while her off-shore fisheries are being exploited by 
foreigners® The same applies to Ivory Coast® In Kenya, marine 
fishing contributed 8,000 tons of fish for local consumption in 1970, but 
pollution by oil and use of explosives are a danger to local fish stocks® 

With respect of fresh-water fisheries, Africa has large lakes and 
rivers which contain large quantities of delicious fish® The problem is 
lack of knowledge about fish populations in the lakes and rivers, lack of 
transportation of fish especially during the muddy season when fish from a 
lake cannot reach even ten miles inland#and poor fishing techniques as well 
as inadequate infrastructure® 

In Lake Victoria, fish catches increased from 23,000 tons in 1965 
to 34,000 tons in 1970 on the Kenya side alone® Fluctuating lake levels 
during various periodsfeve tended to reduce catches® In 1958, total catch 
from the lake was 70,418 tons valued at £4,364,000. Lake Tanganyika could 
produce 100,000 metric tons of fish annually while Lake Kivu has a potential 
production of 600 to 800 metric tons of fish annually despite the presence of 
methane and hydrogen sulphide® 

Lake Albert produced 13,900 tons of fish in 1955 and its potential is 
unknown® In Chad, about 100,000 tons of fish are caught annually from the 
Chari and Logone rivers® 

From this short outline, it is evident that Africa has plenty of 
fish which could be used to supplement the protein<»de£icient diets of the 
continent's populations® Research, the introduction of new fishing 
methods and the training of local fishermen are pre-recjuisites® 
In the marine areas, Africa will need to invest large sums of money to 
buy modern trawlers which would match those of the foreigners® In addition, 
stringent measures will have to be introduced and enforced to stop over-
fishing by foreign trawlers® 
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THE NOMAD IN THE AFRICAN ENVIRONMENT 

Most African countries, having nomadic populations, face environ-
mental problems peculiar to this form of existences Movements of nomadic 
tribalgpoups across national frontiers give rise to political, social and 
health problems in the countries concerned© These nomads represent an 
important economic potential and could significantly contribute to 
economic and social improvements in their countries, but they have not had 
opportunities to benefit from the advantages of modern testaiqrues..and 
scientific progress in their respective countrieso Several countries have 
not even succeeded in linking the development plans of nomadic regions with 
their national development planso 

In the Sudano/Sahelian Zone and in most of East and Central Africa, 
nomads are basically pastoralists who move with their livestock at the 
dictates of environmental changes© I will refer here to Eastern Africa 
only, due to the length to which this paper must be limited© 

Somalia is described as a nation of pastoral nomads, forced by 
their harsh environment to move constantly with their flocks in search of 
water© The nomads despise agricultural farming, and their modes of 
livelihood and social institutions are tightly adjusted to the scant resources 
of their environments Many pastoralists move many miles yearly from water 
point to water point, but there appears to be a shortage of livestock to 
satisfy the needs of familieso Lack of sufficient water leads to the death 
of many animals during drought.© There are no organised marketing facilities, 
erosion is serious due to overgra&ng and health and transport facilities are 
lacking© The Somali Government considers sedentarisation of the nomads as 
a long-term objective which would only be achieved by improving the living 
conditions of nomads through education and training, development of improved 
stock breeding techniqu.es, the creation of public health services adapted to the 
nomadic way of life and by the improvement of watering facilities© 

In Ken,ya„ it is estimated that there are about 1©5 million nomads 
in the arid and semi-arid areas who own 50 per cent of the nation"a flocks 
and herds© These pastoral areas are an asset in that during years, of normal 
rain, they meet their own subsistence requirements and provide most of the 
meat for the urban population, but they become a liability during drought 
years when government spends vast resources for famine relief© 

The Masai now have accepted formal land tenure and need to improve 
their herds through the purchase of better bulls, use of artificial insemination 
and the culling of unproductive cowso Efforts are being made to convert 
subsistence pastoralism into an economy of commercial production through 
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advices persuasion and demonstration without resorting to compulsion. New 
water supplies are being installed, dipping tanks constructed and improved 
bulls introduced. Among the nomadic tribes around Lake Rudolf, local 
nomads have been taught fishing. Canoes, nets and lines were purchased 
and catches increased from 2,000 tons of fish in 1968 to 58000 tons in 1972, 

some of which is exported to Uganda and Zaire. 

In South and Central Africa, the Dobe Bushmen of Botswana and the 
Eastern Hadza of north central Tanzania both live in semi-arid woodland 
savannah unfavourable for subsistence agriculture. In these marginal . 
areas where agriculturalists often suffer from famines, the hunters and 
gatherers have adapted themselves to their environments and are comparatively 
better offo 

This is why any projects aimed at sedentarising the nomads and 
changing their way of life is not necessarily the best solution to nomadic 
environmental problemso Flexible programmes must be initiated if ecological 
imbalances are to be avoidedo In fact, although the nomads and their practices 
are blamed for expansion of the desert in Africa, there are other continental 
changes which are responsible for rainfall fluctuation and the resulting 
desert advancement in Africa. 

EDUCATION HI THE AFRICAN ENVIRONMENT 

The solution of Africa's environmental problems will depend on her 
own educated manpower. What kind of animal is he? He has been shaped by 
several variables. The advent of colonialism introduced religious 
missions from different denominations and countries who established schools 
and strived to convert Africans to their brand of religions In these 
institutions, unquestioning acceptance of dogma and doctrine was the rule. 
Inquiry, curiosity, creativity and innovation were discouraged. Education 
was used as a powerful tool for the status quo and the furtherance of 
economic and other interests of the colonisers, such as belittling the 
African heritage and depriving the African of his dignity and pride0 He 
developed neurotic inferiority complexes and remained for the rest of his life a 
slave to the environment designed for him9 

African education, even after independence, continues to depend on 
the services of foreign teachers who use transplanted curricula and text 
books® They use systems from their own countries which they know best. The 
quality of these foreign teachers varies widely and often leaves a lot to 
be desired® In lower levels, it is necessary to employ many unqualified 
teachers who have to learn on the job® Over-crowded classrooms and lack 
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R—|M and T—^M, effects on the environment of methods of utilisation of 
the resources and of the production techniques employed; 

impact on the environment of the methods of consumption of products; 

P—^M, impact of human settlements on the environment; 

M—^R, degradation of natural resources due to abuses; 

M—JY, conditioning of production through the quality of the environment; and 

environment as a component of the quality of life* 

Figure 2 does not, of course, set out to do anything more than point 
out the relevant relationships which, over and above the traditional factors 
used in planning, must be taken into consideration within the framework of a 
strategy aimed at making development compatible with the management of the en-
vironments At best, these diagrams have a heuristic value and will have to be 
modified in every concrete case. Likewise it would be impossible to indicate 
once and for all the operational variables for such a strategy. On the other 
hand, it is possible to identify the critical levels at which action will take 
place. We distinguish six such levels, a brief description of which is given 
below:-

1« The consumption structure, which, in turn, depends on the distribution 
of incomes and on the totality of values recognised by the society in question; 

2. The socio-political regime and, more particularly, its manner* of -
dealing with social changes; in market economies, the rule is to let 
enterprises internalise profits and externalise costs, while in socialist 
or mixed economies, the state may, in theory, change this rule of the game; 

3. The techniques employed, where a distinction has to be drawn between, 
on the one hand, the adding of anti-pollution measures to the escalation 
of production and the resulting nuisances and, on the other hand, the 
introduction of techniques which are not destructive of the environment, i.e« 
where the environment factor has been internalised; 

4» The methods of utilisation of natural resources and energy, analysed 
from the viewpoint of wastage of rare resources, possible recycling of waste 
products, and even of controlling the obsolescence rates of certain durable goods 
and equipment with a view to reducing the utilisation of rare resources 
incorporated in thesn; 
5» Land occupation systems, since the same types of production and 
activities lead to very different effects depending on their localisation; and 
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6. Lastly, the size, rate of growth and distribution of the population, 
it being understood that population-size alone cannot serve as an indicator 
of its pressure on natural resources; by reason of their high per capita 
consumption, the few hundred million inhabitants of the rich countries 
exercise more pressure than the thousands of millions of inhabitants of the 
Third Worldo 

In view of the complexity of the subject and of the many ways in 
which the relevant operational variables can be fitted together, there can, 
of course, be no question of proposing a single development strategy. And 
so we come back once more to the search for future alternatives. 

The foregoing general considerations have led to the formulation 
of the concept of eco-development. This concept aims at defining a style 
of development -particularly suited to the rural regions of the Third World, j 
though this does not mean that it cannot be extended to include towns, 
as we shall see in the case of Hew Bombay. 

Its main features or guidelines are as follows:-

1. In each eco-region, efforts are made to develop those of its resources 
which are specifically needed for the satisfaction of the basic needs 
of the population in regard to food, housing, health and education, these 
needs being defined realistically and independently so as to avoid the 
undesirable effects of copying the consumption style of the rich countries. 

2. As man himself is the most valuable resource, eco-development must 
above all contribute to his fulfilment. Hnployment, security, the quality 
of human relations, respect for the diversity of cultures - or, if one 
prefers, the development of a satisfactory social eco-rsystem - are all 
part of this concept. A certain symmetry is discernible between the 
potential contribution of ecology and social anthropology to planning. 

3. The identification, exploitation and management of natural resources 
is conducted from the standpoint of a forward-looking solidarity with 
future generations. Depredation is strictly prohibited and the exhaustion of 
certain nonrenewable resources - which is inevitable in the long term -
is mitigated by the dual approach of avoiding wastage and making the 
greatest possible use of renewable resources which, if they are correctly 
used, should not be exhausted ever. 

4° The negative impact of human activities on the human environment 
is reduced by resorting to procedures and forms of organising production 
which make it possible to take advantage of complementarities of all 
kinds and to use waste for productive purposes. 
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5« In tropical and sub-tropical regions in particular, but every-
where else as well, eco-development relies on the natural capacity of 
the region for photosynthesis in all its forms. Since guideline number 1, 
as applied to energy, tends to attach great importance to the use of 
local energy sources and to give preference to means of transport other 
than the private car, one result should be a reduction in the consumption 
of energy from commercial sources (and in particular hydrocarbons). 

6. Eco-development implies a particular technical style, since the 
above guidelines cannot in most cases be applied without the development 
of appropriate techniques. There are two comments to be made here. 

The development of eco-techniques will play a very important role 
in eco-development strategies for the obvious reason that it is at this. 
level that compatability can be achieved between various objectives -
economic, social and ecological - since technical change would appear to be 
the principal multi-dimensional variable in planning. 

But it would be wrong to assimilate eco-development merely to a 
technological style. It calls for certain social organisation procedures 
and a new education sjrstem. 

7. The institutional framework for eco-development cannot be defined 
in the abstract without regard to the specific features of each case, 
any more than can the new forms of rural institutions proposed by the 
World Bank for achieving some success at last in the attack on absolute 
poverty in rural areas and for exploiting the potential of the impoverished 
masses of the Third World by providing the small peasant with production 
equipment and techniques suited to his economic and ecological conditions® 

We can however state three basic principles. 
Eco-development calls for the establishment of a horizontal autbo~ 

rity which is capable of looking beyond the interests of particular sectors, 
is concerned by all the facets of development and is able constantly to 
control the compleraentaiity of the different activities undertaken. 

Such an authority cannot be efficient without the effective parti-
cipation of the populations concerned in the realisation of eco-develop-
ment strategies. This participation is essential for the definition and 
harmonisation of actual needs, for the identification of the productive 
potential of the eco-system and for the organisation of the collective 
effort to develop it. 
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Lastly, it is essential to ensure that the results of eco-development 
are not impaired by any plundering of the populations concerned by inter-
mediaries acting as contacts between the local communities and the national 
or international market0 

These principles can be applied without too much difficulty in areas of 
the Third World where agrarian reform has been undertaken, and also in every 
case where the community structures have remained in being. 

8. One necessary complement for the machinery of planning and manage-
ment is preparatory educations This argument applies a posteriori in the 
case of eco-development, where it is essential also to make people aware 
of the dimension of the environment and the ecological aspects of develop-
ments Lastly, as we have already said, it is essential to internalise 
this dimension and thus to change the system of values and predominant 
attitudes to nature or, on the contrary, to preserve and strengthen the 
respect for nature which is still a characteristic of certain cultures. 
This result may be obtained either by formal or environmental education. 
The Chinese experience is very instructive in this connexion. The eco— 
techniques developed in China do not differ appreciably from those which 
other peasant societies have known and practised; but what is new is the 
education which precedes and accompanies their application, and determines 
their scope. 

In brief, eco-development is a style of development which in each 
eco-region calls for specific solutions to the particular problems of the 
region in the light of cultural as well as ecological data and long-term 
as well as immediate needss Accordingly it operates with criteria of 
progress which are related to each particular case, and adaptation to the 
environment, as postulated by the anthropologists, plays an important part. 
Without denying the importance of exchanges - and we shall revert to this 
matter later - it tries to react against the predominant fashion of 
allegedly universalist solutions and panacea-type formulass Instead of 
placing too much emphasis on external aid, it relies on the capabilities 
of human societies to identify their problems and devise their own original 
solutions to them, though drawing on the experience of others. It rejects 
passive transfers and the spirit of imitation, and gives pride of place 
to self-reliance. It avoids the pitfalls of extreme ecologism and suggests 
on the contrary that a creative effort to benefit from the margin of freedom 
offered by the environment is always possible, however great the climatic 
and natural constraints may be. This is amply borne out by the differences 
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between cultures and. human achievements in comparable nattiral environments. 
But success depends on a knowledge of the environment and on the will to create 
a lasting balance between man and nature. The setbacks and disasters in 
which certain societies have foundered offer equally eloquent evidence of 
the high price which has to be paid for inability to organise the relationships 
between man and nature. 

With the assistance of some examples taken from the fields of produc--
tion, food, housing, energy, industrialisation of renewable natural resources, 
conservation of resources and organisation of social services, we now 
propose to illustrate the scope of application of eco-development strategies, 
with special reference to eco-techniqu.es. 

FOOD 

The 'green revolution', at least in its first phase, is based on a 
universalist and diffusionist philosophy of development which places too 
much emphasis on the virtues of transfers of technology and the widespread 
use of certain 'miracle' varieties of wheat and rice. We are unable here 
to examine the complex and controversial subject of its results, and we 
-shall therefore merely mention that many critical analyses insist that 
there are limits to its applicability, since it assumes that the problem 
of irrigation is solved and it also calls for extensive industrial inputs. 
In addition, it has contributed to an increasing social polarisation and 
an even more inequitable distribution of inoome in the countryside. 
Lastly, it involves ecological risk both because of the reduction of 
genetic variety and because of the extension of single—crop farming which 
is more vulnerable to epidemic disease than mixed farming. 

Is it necessary to conclude from this that cultural borrowings and 
'modern' agriculture should be ruled out? Though certain champions of 
so-called biological agriculture may not agree with us, we reject this 
conclusion. The mere list of the plants originating from America which 
are now being cultivated by the rest of the world is enough to demonstrate 
the absurdity of such an approach, quite apart from the fact that the 
abandonment of chemical fertilisers and insecticides would lead 
immediately to a decline in production with very serious consequences. 
Nevertheless, it is possible to take a stand against the views incorporated 
in the 'green revolution', and to stress the specific potentialities of 
each eco-region in regard to food production. 

This leads us to draw attention, first of all, to the importance of 
ethnological research in order to take advantage - if only as a point of 
departure - of local people's knowledge of their natural environment, that 
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•practical science' of primitive peoples and peasants whose richness and 
accuracy are constantly surprising anthropologists and ethnobotanists. 

The striking diversity of types of agriculture and cultural habits in 
the world may be analysed from the standpoint either of their adaptation 
to natural eco-systems or of the transformation of these systems. A 
classic study by Clifford Geertz draws a comparison between the irrigated 
terraces of Java - veritable aquaria fashioned by man for rice cultivation -
and nomadic agriculture practised on patches of burnt soil which constitutes 
an imitation of the tropical forest. These are two extreme cases in many respects; 
the degree of artificiality, and supportable population densities (that of 
the rice fields is as much as 2,000 inhabitants per square kilometer): they 
are also two cases of felicitous adaptation to very different sets of 
ecological conditions. They reflect two very different orientations 
for agronomic research, the one relating to highly labour-intensive methods 
of production involving massive populations living in a small area, the 
other pointing to the development of mixed farming based on the chacras 
of the Amazonian Indians and the gardens of the indigenous population of 
Polynesia. In the view of several experts, the apparent disorder of the 
latter conceals a profound rationality. 

In general, we have insufficient knowledge about agriculture in 
humid tropical areas; and priority should therefore be given to eco-
techniques applicable in this area, on which the development of Amazonia 
will to a large extent depend. This in itself is a highly controversial 
theme. Should Amazonia be developed or should it, on the contrary, be 
kept as a reserve, as certain people advocate? 

In view of the programmes already undertaken and the existence of 
mineral wealth in this region, this question is rhetorical, particularly 
since the argument that the Amazonian forest is one of the 'lungs of the 
world' producing oxygen is scientifically unsound. The only real problem 
is how this development will be effected (and what is to be done with the 
last of the Indians). Will the development be effected by traditional 
techniques which involve cutting down the forest in an attempt to trans-
form it into artificial pampas and open fields — which is quite impossible — 
or, on the contrary, will it be effected by eco-techniques which respect 
the forest but turn it to greater profit? The results will depend on this 
basic choice and the ability to create in Amazonia a new plant life 
civilization. Can it be that the pessimism of Betty Meggers is due 
perhaps to the fact that she does not believe in the second possibility, 
while the optimism evident in the last writings of Gourou reflects 
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precisely a genuine act of faith in human creativity in planning? 

Whichever he the case, it will of course be necessary, here as every-
where else, to make use of methods which are already known and belong 
within the range of classical solutions, even though they may not have 
been adequately used hitherto® By way of example, we may mention the use 
of cassava or stripped sugar cane as fodder® But the bulk of the effort 
must be based on new approaches, of which we shall mention only a few. 

First of all, forest-farming, which the Anglo-Saxons describe as 
three-dimensional forestry, uses the forest as a source of industrial 
materials and also of animal fodder and human foodstuffs. A glance back 
to the European Middle Ages will show that forests were long used as "a 
cattle fodder yard of unequalled quality", in the words of a Burgundy 
chronicler of the fourteenth century, quite apart from the role which 
they have long played as a source of energy. For a long time past, 
Germans have spoken of the Nahrwald - the forest as a source of fodder -
whose value is calculated in terms of the number of pigs it can feed. 
The same evidence is provided by the study of certain primitive societies. 
One example is the astonishing case of the inhabitants of Ukara Island on 
Lake Victoria in Tanzania, which has a dense population of livestock 
breeders whose animals are kept in yards and fed on a mixture of leaves 
from specially planted trees and from aquatic plants. This opens up 
prospects of research on trees which can produce human foodstuffs, either 
directly of indirectly through producing fodder. This research is 
regarded as essential for the future of agriculture in humid tropical 
areas, since tree cover seems to be the best cover for the soil in these 
regions. We may note in passing that forest rehabilitation will call 
for a change in some ideas profoundly rooted in European civilisation, 
which has grown accustomed to regard forest-clearing as synonymous with 
economic progress. The rational management of the fauna and the taming 
of 

certain species may, in certain conditions, constitute a counterpart 
and a valuable extension of forest-farmingo 

Next we turn to aquaculture or the 'blue revolution' (as opposed to 
the 'green revolution') in all its aspects? the cultivation of aquatic 
plants and the breeding of fish and animals in fresh water, lagoons and the 
sea instead of a continuous fish-kill® There are abundant examples of this, 
starting with the familiar case of fish breeding in pools, where a 
judicious combination of cultivation practices and fertilisation produces 
very high yields with eco-techniques which require practically no capital 
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investment. Mention may also be made of the possibilities of breeding 
milk-fish in brackish-water lagoons. From certain lagoons fertilised 
by sewers in Indonesia it is possible to obtain a yield of 5j000 kg/ha/year. 
In Taiwan, fish breeding with fertilisers produces yields of 2,000 kg/ha/ 
year; and it has been calculated that in South East Asia 350,000 square kilometers 
of water are suitable for breeding milk-fish. If they were put to use, they 
could produce 70 million tons of fish at the Taiwan productivity rate, or 
the equivalent of the world fish catch. One more difficult but also 
promising field is the taming of certain species of aquatic mammals which 
feed on plants. The most notable example might be the sea-cow, which 
unfortunately is almost entirely extinct. In tropical regions where the 
soil is ill-suited for the creation of meadows, aquatic plants offer great 
possibilities as fodder for buffaloes and other animals. 

Going on a step further, we come to the production of proteins from 
leaves of various kinds, including weedso Under certain conditions, the 
plants infesting certain lakes could likewise become a raw material for 
the extraction of proteins, and eutrophication could be prevented in this 
way. 

It goes without saying that biological pest control methods, and also 
genetic research on local species which might be exploited, both naturally 
come within the framework of an eco-development strategy. 

Most of our examples have been taken from the humid tropical zones. 
The problem is quite different for the arid and semi-arid zones, though 
it is possible to imagine eco-development strategies for these areas as 
well. Recent studies have pointed to the possibility of developing 
plants which are particularly suitable for photo-synthesis in areas where 
there is a lot of sunshine, high temperatures and little water. It is 
true that the development of deserts may call for eco-techniques with a 
high capital-intensiveness, but capital is not lacking in the petroleum 
producing countries. A Japanese research project which was originally 
undertaken with a view to desulphuring the petroleum of the Persian Gulf 
points to the use of asphalt injected beneath the surface of the desert 
to prepare certain areas for the hydropinic cultivation of plants which 
are genetically suited to the brackish waters existing in the region. 
It is essential to mention also the political importance of studies of 
this kind, as a possible contribution to solving the Middle East conflict 
by developing the resources of the desert. The national aspirations of 
the Palestinians and Israelis could be satisfied more easily if the 
ecology of the region were changed; and the 'Great Petroleum Scare' and 
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the consequent sharp rise in prices have made it possible to envisage a 
machinery for financing such an enterprise through a small surtax on 
petroleum, long-term loans advanced by the petroleum producing countries 
and the conversion of the military aid provided to the two opposing camps 
into a desert development fundo 

HOUSING 

Every year, the housing shortage on the world scale increases by 
some 4 to 5 million units in urban areas alone. The situation in the country-
side is far from being satisfactory0 And yet, paradoxically, this is a 
field in which over the centuries human societies have created dwellings 
of varying types according to the locality and culture, and well adapted 
to the eco-system and the climate, but in which misunderstood modernity 
has led to such ravages that it has become necessary over recent years to 
re-invent ®eco-dwellings' reflecting a high degree of ingenuity in the 
choice of materials, the use of solar and wind energy, water re—cycling, 
etc. Housing comes within the framework of eco-development under three 
closely linked aspectss 

lo The use of building materials of local origin, which are abundant 
and cheap, ranging from bamboo to mud; this is a problem which has been 
studied in some detail, but much remains to be done in practice, starting 
with the rejection of an alien system of values according to which an 
aluminium roof or a steel and cement house imported at great expense is 
regarded as a symbol of modernity even in the bushj 

2° The adaptation of the dwelling itself to ecological conditions; as 
we have already stated, this is the field par excellence for the cultural 
creativity of man, in which it is necessary to take a deliberate step 
backwards to re-examine traditional housing and possibly draw inspira-
tion from it. A rigid attitude of reverence for tradition is, of 
course, undesirable; but architects should pay more attention to anthro-
pology and move beyond the false universalism with which their discipline 
is at present tainted; and 

3° Lastly, the integration of ecology and anthropology with urbanistic 
thinking and with the elaboration of structural plans for towns and all 
other human settlements; this is by far the most difficult task and the 
one which has so far been least studied. Hence the importance of the 
pioneering efforts made by the creators of the New Bombay plan. This city 
of two million inhabitants is to be built with a minimal allocation of resources 
for housing proper, since the housing is to be provided by self-construction 
on very small plots; but a very elaborate plan for the occupation of the ground_ 
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(which has been made possible by prior purchase of land by the authorities) 
and rapid collective transport by railway will together provide the inhabitants 
with living and working conditions which will be very reasonable compared with 
those in other towns in India. 

ENERGY 

The debate on the importance of non-classical sources of energy is 
highly charged and we have no intention here of taking a position on this 
controversial subject. It is enough merely to state that the recent 
increase in petroleum prices has already upset many hard-and-fast ideas. 
We shall not say anything of the possible solutions to the problem of 
large-scale energy production but, in the context of eco-development 
strategies, we must refer to the importance which might be attached to the 
elimination of the energy waste which occurs so often in the consumption 
style of the industrialised societies, and to the possible contribution 
which might be made - in the case of domestic energy uses and small production 
units - by solar energy (for example for pumps, kitchen stoves and water 
heaters), wind energy (for the local production of electricity), small dams 
and even the production of methane from organic sources. These various 
procedures are justifiable in the conditions of isolation which exist in 
many rural regions; and they also have the advantage that they can be applied 
on an even more reduced scale, for example on a single farm. The possibilities 
of using geothermal energy should, of course, also be carefully assessed where 
they exist. 

INDUSTRIALISATION OF RENEWABLE RESOURCES 

One way of combating the possible shortage of certain non-renewable 
resources might be to restore pride of place to the 'plant life civilisa-
tions' which are so well described by P. Gourou and whose importance is 
so evident in Far Eastern cultures. We do not advocate a pure and simple 
return to the past as do the partisans of the so-called intermediary and 
'soft' techniques, but would rather propose some detailed research on the 
possible use of plant life as an industrial raw material, both for build-
ing materials and for chemical products. The rise in petroleum prices 
makes this all the more necessary, and it increases the urgency of 
devising techniques for the rational management and exploitation of tropical 
forests and water bodies. We believe that a special place should be reserved 
for'mixed techniques' - i.e. transforming the qualities of a product by highly 
technical processing, as the terminal stage in an otherwise traditional production 
procedure which offers plenty of employment. All forms of processing and 
impregnating timber and plant fibres, based on the latest advances in modern 
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chemistry c;: and offering new outlets for certain products of tropical 
forests and agriculture, provide a good illustration of this concept. 

CONSERVATION OP NATURAL RESOURCES 

As we have already indicated in regard to the definition of 
eco-development, the maintenance of natural resources in the name of a for-
ward-looking solidarity with future generations is an integral part of this 
strategy0 It seems that it is also an excellent field for human invest-
ment, since many soil and water conservation activities, reforestation, 
etco are suitable for the use of highly labour-intensive techniques. 
Also, as spare labour is often available, at least outside the season of 
major agricultural activity, it is possible to envisage natural resources 
conservation programmes which would not to any large extent diminish the 
capacity of a country to undertake other development enterprises. This 
is one opportunity which should not be missed, as the example of China 
eloquently demonstrates. 

SOCIAL SERVICES 

If , as has been suggested, the social environment is to be considered 
as part of the global environment concept, as meaning the total habitat of 
man, an eco-development strategy must naturally include forms and techniques 
for providing social, educational and cultural services which are adapted to 
the specific conditions existing in the rural areas of the Third World and 
also call for as little capital as possible. Many recent studies and the 
experience of a number of countries prove that such techniques already exist 
at the level of para-medicine and rural education. In these conditions, 
Third World countries should be encouraged to attach much more importance 
to these activities than they are given in the industrialised countries, since 
the possibilities for developing these services - like any others - are best 
at the time when social workers® salaries are still low® In ether words, the 
poor countries have a comparative advantage in creating many social services 
which also offer employment possibilities that are more valuable to society than 
the traditional tertiary sector (domestic services and small business). 
Paradoxically, it is the countries of the Third World which have the best 
chance of creating genuine welfare stateso 

The concept of eco-development is intended to be operational. It 
constitutes a guideline for action (or, if one prefers, a philospphy of 
development) whose value can be judged only in the light of practice. 
Is it merely a return to the illusions of community development? Not 
necessarily so since, by comparison with the community development schemes 
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for the rural areas of the Third World, it is richer in two aspectss 
first, there is the critical reflection-cathe failure of those schemes 
and accordingly the desire to do better, particularly at the institutional 
level, and secondly there is the link with natural and social ecology 
which is revolutionising the habits of thought of the developers. 

The application of the concept does, however, require a sustained 
research effort accompanied by pilot activities subject to critical review, 
so that permanent feedbacks are established between practice and action-
oriented research. 

In particular, it is essential to promote the collaboration and 
circulation of information on eco-development experiments as identified 
and described by anthropologists, historians and human geographers, and 
also on eco-techniques developed and applied by different indigenous peasant 
cultures and, to an increasing extent, by certain research laboratories. 
The purpose of this will be three-fold: to inspire the imagination of 
research workers and persons responsible for regional planning, to assist in 
the training of eco-developers and, occasionally, to suggest experiments in 
adaptation, particularly between similar eco-zones. This will require a vast 
programme of comparative and interdisciplinary research and voyages in space 
and time, undertaken through a network of scientific collaboration in which 
our colleagues of the Third World will have primary responsibility, since 
encouragement must be given above all to exchanges within the Third World, on 
a South-South axis, by insisting on co-operation between eco-regions which are 
similar but situated in areas geographically distant from one another. 

On the basis of these exchanges, supported by specific case studies, 
it would be possible to define points of interest to serve as foci for 
the collaboration of biologists, technologists and planners - three professions 
which have in the past had too little contact with one another. Their 
exchanges would lead to the formulation of research priorities on eco-
techniques and organisational forms of eco-development. 

Without waiting for the results; of all these exchanges, it is 
possible even now to undertake certain pilot activities, designed to show 
that regional or micro-regional development strategies would be improved 
if they were oriented in the direction of eco-development. The 
elaboration of eco-development "scripts"would make it possible, in a 
first stage, to take stock of actual knowledge - or gaps in knowlege -
on this matter, to test the participatory and unified approach to planning 
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and to train eco-developers«> In a second stage, it is oonceivable that:, 
the eco-development concept will simply he assimilated by the regional 
planners and xd.ll thus be generally used to contribute to the indentifica-
tion of development styles appropriate to each specific case; and, in 
the long-term, the internalised environment as a permanent dimension in 
the field of vision of the planner is destined to vanish as a specific 
field of action. 

It would seem that, as a result of the Stockholm Conference, condi-
tions now exist for the above suggestions to be put into effect without 
delay by the United Nations Environment Progamme. 
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CASE STUDY; KOIMBA, A FICTIONAL COUNTRY 

Kuumba is a fictional country and any resemblance to any other 
country living or dead is purely coincidental. As with ar^ hypothetical 
model s certain assumptions will have to be made as you deal with it0 We 
have tried to construct it in such a way that some of the problems you 
face day to day in your countries may be reflected in the problems faced 
by Kuumbans0 

It should always "3k remembered ihat -'-Edififfife- is "crnly a device- for 
making explicit the fundamental connections between environmental and 
developmental concerns® For the protection of the environment is one 
of the bases for developmente 

In an artifical study such as this, we cannot expect to include 
all of the facts and assumptions which a real planner facese This lack is 
part of the exercise0 Every government and every development planner must 
make decisions based upon incomplete information0 In Kuumba you will do 
the same0 Two major development schemes and their results to date will 
be presented for your discussion and re commendations„ There are two basic 
questions underlying both cases, 

(a) What was done that should not have been done? 
(b) What should we do now; given the means at hand and the 

economics social, political and technological contraints? 

Implicit in these specific questions are some more general develop-
mental issues; 

ls What is the best use of the resources available? 
2® How does an undeveloped country develop? 
3. What is the balance between public and private economic interesljt? 
4o How do you achieve the greatest good for the greatest number? 
5„ How do you formulate an integrated national development scheme? 
6. What is the role of public planning? 

We hope in this exercise to take advantage of the complementarity of 
development and the environmente They need not and should not be in conflict. 

Finally, we would be fools, even in a hypothetical game, not to 
recognise the primacy of politics0 We hope, however, to •"•make this fact itself 
an assumption or at least to soft pedal its influence on the discussions® 
With all of the other information provided here, there should be plenty of 
materials for discussions 
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The basic food of Kuumbans is ugali, sometimes with vegetables or meat. 
In the rural areas, there are more vegetables, garden and wild, available. 
Cabbage, lettuce, carrots;, rape spinanch^etc® are also grown. The city diet 
among the many men especially is buns, Mess^ and perhaps ugalio In the 
northern Region, maiae crops have failed and there are gro-wing shortages® 
The Central Planning Commission acknowledges that the path to development is-
not simply one of going hell-bent for industrialisation0 In the first place, 
-the country has no significant resources for that goal except its abundant 
hydroelectric power potential and its bauxite® At the same time, the , Cbmmiaaiom 
believes that some major efforts towards expanding those resources and building 
light industries for import substitution will help to save scarce foreign 
exchange« 

To this, end, the planners' have encouraged government to use various-
fiscal incentives such as tax allowances, tariff protection and licensing 
arrangements to establish small industrial concerns0 These include bottling 
plants, companies to make bicycle parts, paints, textiles, metal processing 
and pulp mills® A distillery and brewery were among the early arrivals^ 
This plan will be pursued in the future® 

Heedless to say, the recent explosion of petroleum prices has had a 
devastating effect on budgeted figures in all sectors of the economy® The 
government is still trying to sort through wreckage of its projected figures. 

The agricultural sector will probably continue to dominate the economy 
in a real sense for the foreseeable future. The government paid lip service 
to the needs of the rural areas for the first years of independence, but only 
within the past five to six years has government begun to take the small 
farmers seriously® The larger farms, the estates, have been able to manage 
pretty well by themselvesc Kuumk® has targeted a G.DoPo of $650 million 
by the end of the decade, a growth of nearly fifty percent0 

Flue—cured tobacco was introduced into Kuumba °s Central Region in 
the early 1920se Not until after independence were Africans able to join the 
business. Those who have begun have opted for the less capital—rntensive 
dark-fired variety* 

Tea growing was also begun by the Europeans in the 1900s® By the time 
of independence, Africans ha®. ?.bout a thousand acres of small holdings® 
Estate owners continue to be Kuumba^s. major tea producers® Three quarters 
of the 60,000,000 pounds annual output are groim on estates® 
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Groundnuts are the principal cash crop, after tobacco, grown by small 
holder farmers0 There is some potential for expansion of this crop since the 
Kuumba groundnuts are of high quality and are favoured by confectioners0 There 
is virtually no domestic consumption0 The industrial heart of the,country is 
in Ngamula, the capital cityQ .This has occured partly by accident, partly 
by design© Whatever the cause9 the effect is a concentration of people and 
jobs unlike anywhere else in the country0 As in most developing countries, 
job applicants far outstrip jobs0 Consequently, there is a growing number of 
young men, scratching out a precarious existence shining shoes, selling news-
papers, willing to take almost any work however temporaryo The population of 
Ngamula is growing at about 6f0 per year and the municipal government cannot 
begin to cope with the increased demand on its services<> 

Kuumba9s development in the rest of this decade will be based upon the 
completion of the Msilisi Dam0 This ambitious programme on the Juluka River is 
intended to produce power for industrial expansion in Ngamula and for several 
pilot agricultural projects designed to show the way towards more efficient 
and productive techniques,. Except for the game reserves, there are no completely 
unsettled areas in tte country0 Government has decided to create several 
demonstration project$0 

Although there are some 550,000 cattle and almost 600,000 sheep and goats, 
government has done little to develop a systematic plan of animal husbandry» It 
has been content to let the farmers and squatters use as much land as they want 
to graze their animalsc The result has been that in enclosed spaces the animals 
have tended to eat and trample most vegetation into extinctions In larger 
pastures or freer areas, the results have not been dissimilar, for the animals 
have grazed indiscriminately*, 

In the Northern Region9 where most of the cattle=herding occurs,the 
grazing capacity of the land varies between five and twenty acres per cow© This 
also happens to be the major tares far "nomads inTuumbae* 3Tatarally$ accurate 
statistics are impossible to obtain, but some estimates number them at around 
20,000o Their coming and going, especially in the Northwest, has raised problems 
for the Ministry of Wildlife which wants to establish another game park in that 
region,. 

Sheep and goats are calculated to graze one sixth as much as cattle0 
The nomads do not choose freely which animals they raise - they follow custom0 
And tiie easiom is. to possess as 'many cattle or,, go&is ox sheep 
as possible, no matter what their condition. The herdsmen see no reason to 
change their practice of securing the maximum number of cattle0 
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Kuumba will spend in the next two years $26•2 million on the develop-
ment of its infrastructure; this consists of $10,5 million on transportation, 
S8»2 million on water supplies, sanitation, power, posts and telecommunications 
and $7<>5 million on roads and bridges, A further $10.5 million will be spent 
on other agricultural activities in the areas without specialised projects, 

A more detailed treatment of the NATA LAND DEVELOPMENT PROJECT will be 
given in Appendix 2. 

The N.L.D.P, will be associated with a 100,000-head cattle rancho The 
ranch will be 100,000 acres. It is assumed that the stubble from the maize, 
cotton seed and peanut by-products will be used to feed the cattle and that 
this system will easily enable stocking one animal per acre when both rangeland 
and arable land products are used for stockfeedo 

The increased use of fertiliser and chemical spraying from 1967 "to 1969 
seems to have corresponded with an increase in the yield of maize, but after 
I969, there was no maize yield increase. In fact it decreased, (See sampling 
of statistics in Appendix 4} 

In most rural areas, the pattern of emigration is similar to that in many 
parts of Africao Land tenure and succession patterns militate against more than 
one son receiving enough land to make a living from it. In addition, some of 
the land is so poor that people simply cannot survive, even when they want to 
remain in the countryside,. So movement to the cities is not merely a question 
of being attracted by the 'bright lights \ Government has done little or 
nothing to stop this movement, probably because, short of Draconian laws and 
enforcement, there is little that it'could do o 

There are about 150 estates, each larger than 200 acres, ir. the Central 
Region, Some of the business people, expatriates and government officials who 
own these estates live in town and use the estates for their families' recreation. 
There are small holder farm owners who have taken to ploughing small acreages 
(2 acres) of corn9 cotton, tobacco, tea and coffee« Host of these farmers do 
not use tractors and other modern techniques of ploughing and land clearing, 
What the government has tried to do instead is develop some agricultural schemes 
which will encourage farmers to stay in the countryside. One of these' is at 
Nata. See Appendix 2S 
TOURISM . 

Having observed the impact of to»axism on the economies of countries 
such as Kenya, Tanzania and Uganda, Kuumba has taken first tentative steps to 
build a tourist industry. Despite its land-l0cked location, Kuumba has several 
potential tourist attractions. 
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a. Game — Itfost mggor game,animals (z^bra, gazelle, hippo, impala, 
giraffe, lion, leopard, wildbeests hartebeest and even some rare 
greater kudu) are found here, 

b. Water — several sizeable bodies of unspoilt water remain. 

Co Scenery - the highlands contain both a good climate and an impressive 
variety of vistas, including several water falls. The problem is 
transportation to these places. 
Government commissioned a study which came back with the following 

observations; 
1, The road system is deficient; 
2» There are no game lodges; and 
3, Package tours are needed, 

(For further discussion, see Appendix 2.) 



- 228 «- IDS/OP 15 

APPENDIX Is THE PHYSICAL STRUCTURE OP jgJOMBA 

The three physical regions of Kuumba are geographically determined. 

Lake Harambee - 9j375 square miles - is the dominant physical feature. 
Bestriding it are two 8,000 foot high plateaux. Flowing from the plateaux into 
Lake Harambee are four main rivers. These rivers are tributaries which cut 
deep gullies of up to 40 feet into.the plateaux. This area has suffered the 
most severe erosion in the country. No one has calculated how much soil has 
been washed into Lake Harambee. 

Kuumba gets most of its rain from the south-east trade winds. East of 
Lake Harambee, the Kude plateau receives,up to 70 inches. The lake itself 
averages 35 inches. On the Western side, the Kwela plateau receives as much 
as 55 inches. Westward from there, the rain decreases to about 30 inches. 
Going northward from the Lake, there is a similar steady,decline in pre— 
cipitation so that at the Northern border of the country, rainfall in the 
semi-desert is both scant and spotty, averaging less than 15 inches. 

The central and Northern regions are both characterised by gently 
sloping topography. The division between these regions is one of rainfall 
rather than topography. 

Soil in the plateaux region is of the red sandy type with a mixture 
of pebbles, rocks and stones0 In many,places the top soil is less than four 
inches deep. In the other two regions, the soil is mainly sandy loam,but 
along the Julaka river it is of the alluvial clay loam variety. The Northern 
region is a mixture of eavanna and Mad-desert. 

Of Kuumba's total area of 36,324 square, miles, a quarter is Lake 
Harambee and another 8,000 square miles is too mountainous, too swampy or too 
dry for agriculture of any sort. About 500 square miles consist of national 
forestry land, with rare and native stands of timber. 

Then there is one major national park of some 500 square miles. The 
park contains all of the major game animals except elephant. In addition, 
it has a large number of the rare greater kudu. This park is the principle 
tourist attraction in the country at the present time. 
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APPENDIX 2s MED DEVELOPMENT SCHEME 

As part of its second five year plan, the government 
of.Kuumba launched a new agricultural scheme of some. 
20,000 acres in the northern part of the Nata region, 
in an area -which had been a forest and game reserve 
under the colonial regime and during the first five 
years of independences 

use, do you use a 
general or specific 
soil survey for both 
crop and region? 

This area had been almost a private limiting block for. 
the colonial administration. Then after independence, 
it had become a gamê  and forest preserve. This; was the 
reason for its relatively undamaged state,, 

The region is: a mixture of forests and savanna® Its 
Ql, As a basis for de-
termining fertiliser altitude averages about 3500 ft. Several tributaries 

of the Julaka River flow through the district0 Rainfall 
is. erratic, .ranging from 20 to 40 inches. The soil is 
a sandy loam, with a depth averaging 14 inches. Soil 
scientists estimate the land to have an average fertility 
for most subsistence crops. What makes it attractive for 
this project is that it has not been farmed for over 
80 years, and thus lias not suffered the damage from erosion 
and over-grazing experienced in many of Kuumba?s rural 
areas© 

Government clearly meant for this to be a demonstration 
project, (la fact the Minister of Agriculture staked his: 
reputation on its success,) The public announcement was 
full of phrases such as "self-sufficiency", "freedom 
from hunger", and "no rural surrender to the cities". 
Government wanted to kill two birds xidth one stone, that 
is it had two audiences in mind5 the rest of the country 
and the people in the lands surrounding the site of the 
scheme. The hope was that farmers would want to practice 
more scientific methods of cultivation once they saw 
the results in the target area0 

Q..2 In devising the 
proper mix between 
agricultural and in-' 
dustrial development, 
is there such a bias-
in favour of the 
latter that public 
attitudes will have 
to be changed i.e. 
to give the rural 
areas a better image? 
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Q«3 What are the en-
vironmental, social 
and economic bases for 
resettlement? Is 
eoo-development a 
•idable strategy-
he re? 

Into 10,000 acres, therefore government moved 500 
families, averaging 10 members each® Each family-
received 5 acres free and clear and they -were allowed 
to purchase the other 5 acres over a 10 year period® 
In addition, the new settlers were given access to 
the common land for grazingo Government, wishing to 
avoid some of the problems of over-grazing evidenced 
elsewhere, prohibited the farmers from owning cattle 
but allowed them to bring up to 10 goats or sheep® 
It had been determined that the carrying capacity of 
the land was about 5 sheep or goats to the acre® 

Q.4 How do you 
"re-train" people 
raised in one tradi-
tional livelihood so 
that they can lead pro-
ductive, satisfying 
lives in another? 

The settlers were a mixture of subsistence fishermen 
and farmers who had been displaced by the construction 
of the Kwela Palls dam® They were of a different tribe 
from the people in the surrounding area® Because of 
controversy concerning government supplied housing in an 
earlier development scheme, the settlers here were 
allowed to construct their own homes from whatever 
materials they could find in the forest® 

Q<»5 Hox̂  important 
is the distinction 
between the physical 
and the chemical 
characteristics of a 
soil? Is eco-develop— 
ment a viable alter=-
native to semi-
me chani s :d agriculture? 

Government agronomists calculated that each family 
would be able to grow enough maize, upland rice,ground-
nuts, beans and sorgum, together with domestic animals, 
to feed themselves, while devoting the major part of 
their labour to cash crops such as cotton, tobacco, 
tea and coffee0 No restrictions on crop proportions 
were placed upon the farmers® Since maize had been 
the staple food in Kuumba since time immemorial, it 
was not surprising that the first rows were planted 
in maize. 

nologies for any 
development scheme? 

To assist the farmers further, government provided Q. 6 What are the 
guidelines fbr deciding tractors the first year to break the ground® Fertilisers: 
the appropriate tech- a n d fflffieafeiaiife® were also provided at extremely 

favourable rates, allowing farmers to defer payment until 
their first crop was in. However, the agricultural 
agents assigned to the project were unfamiliar with the 
type of soil in the area<> In fact8 they were much more 
expert in fertiliser application than in the physical 
characteristics of soils0 
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ricolture does less 
environmental damage 
than large estates? 
Is this true and if 
so why? 

Hough as some of these arrangements were, the Q.7 oome experts claim 
that small-holder ag- con"fcras"fc with traditional methods was still great® 

Outside the demonstration area, the farmers were 
using pangas, grubhoes, local seed and no fertiliser 
except burnt vegetation® Only about one year in five 
saw a surplus which might be marketed® Essentially the 
farmers were subsistence agriculturalists® The average 
yield per acre in a good year, was about 3 bags of' maize 
(one bag = 200 pounds) ® The result was that farmers 
spent just about all their time and land raising maize 
just to feed themselves® 

Q.8 Are there 
specific types of 
soils which are 
particularly erosion 
prone? What are 
the environmental 
implications of 
clearing trees from 
large tracts of lands 
especially for fire-
wood, and what are 
the feasible sub-
stitutes for 
charcoal in rural 
areas? 

Q»9 Can such govern-
ment planned develop-
ment if properly moni= 
tored be an answer to 
the 'pollution of 
poverty1? 

£.10 Is African 
technology advanced 
enough to justify 
the use of biological 
insect controls? 

Aŝ  has been mentioned, prior to the opening of this 
settlement, the surrounding land was under increasing 
pressure from both men and animals0 Poaching was widely 
practiced despite the stiff sentences meted out to those 
caughto Sheet and gully erosion were rampant. The land 
was overgrazed,, Most of the trees in the area surrounding 
the settlement scheme had been cut down for firewood to 
sell in the cities® In response to the complaints of their 
tribesmen and constituents, several local chiefs and poli-
ticiam vpetit'ieised government in the early stages to halt 
this "elitist" project, to give to the people who needed 
it most, the locals, the use of this choice land® They 
objected strenuously to "foreigners® owning land in their 
midst® Government representatives listened politely but 
did nothing. There were scattered reports of incidents 
between the new and old settlers® 

From the agricultural standpoint, however, the first 
years were very good for the new farmers® Those who 
• had farmed before welcomed the chance to work virgin 
land® Some of the fishermen could not adjust, and 
they sat in their huts and sulked. Others learned 
quickly., especially when they saw maize yields triple 
what they had been under traditional methods® 

logically, it seemed to the farmers that the same 
agricultural techniques which had been so successful 
with maize ought to work with cotton, •feabaecQ,' coffee 
and tea® So they used a great deal of fertiliser for 



Q»ll Quite bluntly, 
what should, be the 
balance between the 
needs of the ani-
mals in a game park 
and the subsistence 
needs of the local 
populations? 
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these crops as vjell9 .Hioy had known the insects which 
prey on coffee plants, and they wanted once and for all 
to get rid of them. Similarly they reasoned that if $00 
pounds of fertiliser increased yields by 200 per cent, then 
400 pounds would increase it by 4 times« 

As was noted above, rainfall is erratic, so that in 
some years there is 35 inches and farmers are tempted to 
raise upland rice. In fact, this was attempted a couple 
of years ago» But there are dry years toou To give the 
farmers further from the river more reliable sources of 
water, .government has drilled a number- of "bore holes. These, 
however, do not provide much more water than is used for 
domestic needte. 

On the local tributaries of the Julaka Rivet , the yorps: 
of Engineers- has constructed a few minor earth damsc These 
storage areas provide the basis on which the farmers, again 
With government aid? ha-*e laid out some irrigation canals» 
As a- result, they can irrigate at least one crop all year 
long. 

All in allj the project seems to be a success* In any 
case, the Minister of Agriculture proclaims it as such and. 
begins making elaborate plans for similar projects in other 
areas of the country^. 

However? the increase in crop yields did not continue 
after the first two years'j and the Minister of Wildlife 
for one was dismayed by the project, It had been M s 
intention to expand the game preserve J^ea . into a full-
fledged national park® While the country already load, one 
national park, containing «pst of the common animals 
sought by touristsj. this area had several rare species and 
during the eighty years in which they had remained largely 
unmolested the animals had achieved a satisfactory balance 
with the land. The target area was only a small portion 
of the game reserves However, it happened to lie directly 
astride one of the main migration routes taken by some of 
the larger mammals to obtain dry season water* Further 
north there was much less water, The influx of settlers, 
equipment and plows effectively blocked the animals'passage. 
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The Ministry of Wildlife made a half-hearted 
attempt to create a park out of the bisected land, but 
it was no use, Squatters and semi-nomadic tribesmen 
had moved into the northern area and, given the local 
opposition to the Nata scheme, there was no hope of any 
other government ministry removing some of these people,, 
In vain the Ministry presented statistics showing that 
the tourist potential of the park was on the order of 
$5 million annually. In vain it decried the loss of 
valuable species to the poachers® guns and spears. In 
vain it x̂ arned that the wild animals had achieved a 
precarious balance with the land, and that domestic 
animals would do irreparable damage and tip the balance 
towards destruction. 

And in just a few years, one of these dire predictions 
was fulfilled. Despite heroic efforts by game wardens, 
hundreds of gazelle, oryx, bushbuck and zebra were killed. 
In fairness to the tribesmen, they were hungry. They did 
not kill for the sake of killing. They simply did not 
believe in going hungry when they could eat® 

Government officials did not say so, but it was 
apparent that they believed the future wellbeing of the 
people would come more from their ability to raise 
enough food than from relying on the tourist dollars 
which would derive from the game viewing in this particular 
area. The Minister of Wildlife declared that one large 
game park i? not enough® But the Minister of Agriculture 
stated that, "Feeding people is more important than 
feeding animals®" 

Near the river, a routine medical examination of 
school children revealed that a number of them were 
passing blood in their urine0 

In the farming areas, the exciting increases in crop 
yields after the first applications of fertiliser and 
insecticides led to a rapid conversion of some of the 
common lands to these crops® Forested lands and hillsides 
were cleared and planted regardless of the type of soil, 
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slope or contour® A land rush ensued in which the 
project people and even some outside people hurried 
to exploit the unused lands® Moreover, the people Q.12 What are the 

inherent dangers in from outside took the opportunity to cut down many trees 
a single crop system f o r fue]_o 
as opposed to 
diversified crops? I n t h e f i f t h year the weather proved its fickleness» 

The area experienced two storms which in two days dropped 
ten inches of rain on the upland district® By this time, 
great swaths of land had been cleared. There was little 
vegetation to hold the soil, and thousands upon thousands 
of tons of silt filled the streams. 

A further problem emerged when fish in the streams 
began dying mysteriously® It was discovered that their 
bodies contained quantities of a lethal posticide called 
Dieldrin® A newsman covering the story suggested that 
there might be some connection between the Dieldrin and 
the deaths. This brought immediate and outraged responses 
from the Minister of Agriculture and from the head of the 
fishermen's co-operative® The former said there was 
nothing to link the two facts. The fishermen were frantic 
at the threat to their livelihood, and possibly their 
health. It was finally ascertained that the Dieldrin 
had come from the coffee plots, which had been sprayed 
heavily. 

Incidentally, this particular coffee was a premium 
type. .It had already established itself as one of the 
best® It brought the highest prices at auction and this 
was at a time when,world coffee prices were at their 
peak. As a result, the director,of the Coffee Marketing 
Board saw fit to join the debate, asserting this was no 
time to restrict coffee production® "Nothing has 'been 
proven," he said "These are neo—colonialist rumours. We 
can't afford to lose our markets by listening to petty 
fears® Don't look a gift horse in the mouth®" 



APPENDIX 
RIVER 

- 235 -
IDS/OP 15 

CASS STUDY OF THE KWELA FALLS D M ON THE JULAKA 

Q,ol Is there an energy-
development alterna-
tive to massive 
hydro-electric 
projects? 

lac Is it advantag-
eous to postpone the 
exploitation of 
mineral (non-renew-
able) resources with 
the hope that they 
will "be worth more in 
future? 

Q02 Is the intro-
duction of environ-
mentally non-pollu-
ting technology 
prohibitively 
expensive for the 
developing 
countries? 

Qo3 Should a 
government encourage 
or force people from 
the rural areas to 
remain there, i.e» 
prohibit their 
migration to the 
cities? 

Q„4 Is the concept 
of "Metroville8 THE 
answer to rural-
urban migration in 
a country where the 
government had de-
liberately displaced 
rural communities and 
created industrial 
parks? 

During the colonial period, there was a great deal 
of talk about a large dam at Kwela Falls on the Julaka River0 
The narrow valley there seemed a good location for such a 
damD The main purpose was to be the production of hydro-
electric powero It had become known that commercial 
quantities of bauxite existed in Kuumba, and the dam would 
provide all the substantial power needs for converting the 
bauxite to aluminium. 

Feasibility studies were encouraging but no actual con-
struction was beguno 

Independence brought the plans once more to the fore. 
Like many newly independent countries, ICuumba wanted to 
industrialise . as quickly as possible*, A policy of . expanded 
exploitation of natural resources, such as bauxite9lime-
stones phosphorous and potential hydro—electric power9would 
be pursued with the hope of pulling along the lagging 
sectors of the economy. 

As bauxite requires substantial quantities of elec=> 
tricity to be converted into aluminium, this industry would 
be the largest consumer of electricity, using about 50 W out 
of the projected total output of 150 M . In addition to 
the aluminium industry, various light industries were 
planned to take up a major portion of the remainder. 

Taking advantage of the sizeable, limestone deposits, 
government built a cement plant. A 100,000 ton fertiliser 
plant followedc 

The political capital, Ngamula.s also became the indus-
trial centreo Government laid out a 5,000 acre industrial 
park and encouraged cotton ginneries, coffee hulleries, 
textile mills„ food processing plants and other light 
industries to locate there<> 

This required installation of a 100,000 volt transmission 
line which-would also become the first link in a national 
power grido 
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Q.5 What are the 
environmental bases 
for establishing a 
fishing industry? 

Q.6 HOW does a government make rural 
living attractive? 

Statistics of the Dams 
Heights 50 metres 
Lengths 200 metres 
Costs UoScS 50800080008financed by a loan from the H&rili 

Resevoir.Areas 
T^pes Rockfill 

Bank 
200 square miles 

Annual Flows 1,500,00,000 cubic meters® 

The Kuumba government wished to fulfill several 
objectives by building the. dam® Besides the production 
of power9 secondary gnucposes weres 

Q.7 What is the 
justification for 
investing so ranch 
money - about one 
third of the current 
budget - for the 
direct benefit of less 
than one twentieth of 
the population? 

1® The lake formed would, with improved techniques,, 
provide some .30,000 tons of fish annually- 20,000 tons 
for domestic consumption and the remainder for export. 

2® Among the 80,000 acres to be cultivated, 15,000 acres 
of alluvial soil were found suitable for a wide 
variety of crops® The planners estimated that the 
fertiliser production deriving from hydro-power would, 
by maSsive. applications, more than compensate for the 
loss of land,due.to creation of the lake® As a 
corollary scheme, the government planned to take the 
estimated 6,000.people who had been living in the 
valley, and re-settle them either on the lake shore 
once it was filled or in other parts of the country. 
Resettlement means taking people away from the land 
where they are confident.about what they will eat, 
even though it may be littleo 

3. Flood control would be improved along the Julaka 
River and its tributaries® 

And so the dam was built® Engineers, economists, 
planners and politicians hailed it as the "Brightest 
jexfel in Kuumba0s economic crown"8 and"an example all 
Africa could emulate"® 

When the dam was completed in 1967s four years after 
independence. President Mware proclaimed it the "beginning 
of true economic independence". 

At first all seemed to go according to plan® The lake 
filled swiftly, the generators functioned well® In six 
months, power was surging towards Ngamula. 
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On the lake8 meanwhileg fishing was a bonanza. 
Fishermen could not recall such good takes, They didn't 
seem to mind moving back from the water each month or 
so, Government collection of salted fish was goodo The 
only discordant notes were sounded by a few displaced 
farmerso 

However3 even as the lake was filling3 fishermen 
noticed the rapid growth of one particular kind of green 
planto It floated over large portions of the lake, It 
first they thought nothing of it - minor nuisance0 As 
time went by the areas choked by this plant grew larger. 
The men had difficulty avoiding them. Their nets became 
cloggedo 

Also3 once the lake was filled, the turbidity of the 
water initially thought to be caused by soil dissolving into 
the new lake did not go away completelys and the species 
of fish which were common on the Juluka River before the _ 
dam was built disappeared almost completely© 

The Department of Fisheries provided fingerlings of 
several new fish species, in addition to the one which had 
existed in Lake Harambeeo Together, these were to be the 
basis for both subsistence and commercial fishingo One 
species was the Mormyrido Government officers knew that 
this fish was well-liked in West Africa8 that it added 
a significant amount of protein to the diet and that 
commercial quantities had been taken in lakes in that area. 
Unfortunately;, the Mormyrid did not become acceptable to 
the local population. The women in particular strongly 
disliked this fish which because of its elephant-like snout 
made them fearful that their children would develop the same 
countenances. 

Reports filtered in about clashes between displaced 
people and existing settlers in the resettlement areas. 
Former fishermen did not take to farming and even the former 
farmers in some areas complained of the hard pan-, the lack 
of water and the government~built block houses0 

The first signs of schistosomiasis occured in Lawzi, 
School children reported infections. It proved extremely 
widespread, almost universal among the children of 

Q,8 Is bilharzia 
infestation an 
acceptable risk to 
run? 
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Q.g What environ-
mental standards in 
the developed 
countries act 
against the exports 
of developing 
countries? 

fishermen© Anyone who used the lake for swimming or 
washing was likely to become infectedo 

The government health officer offered three possible 
solutions % 

I© Move away from the water; 
2o Use massive quantities of molluscides to kill the 

intermediate hosts of the schistosomes5 and 
3o Use chemotherapy on the infected individuals. 

None of these suggestions was xery attractive, because 
they were.all either impracticable, too costly or too 
dangerouso So nothing was done. 

The government realised that a substantial portion of 
the new land xrould not have the fertility of that inundated. 
In compensation, therefore, it brought in thousands upon 
thousands of tons of fertiliser from its new plant downstream 
and gave it to the farmers at practically no cost. No 
attempt was made to ascertain how-much was needed, what 
kind of soil was there or what was the run-off rate. 

Finally,,the effluents from this same fertiliser plant 
were dumped, untreated and unfiltered, directly into the 
Juluka River. 

-On the basis of "these facts accounts and assessments, 
you as members of a task force are empowered to study this 
project, decide what, if anything, went wrong and make 
recommendations for corrective action and for an alternative 
strategy of development starting at the same time as this 
project, i.e. what should Kuumba have done, and also what 
should it do now. 

Q.10. Where in the chain 
of cause and effect is 
the environmental impact 
the greatest? 

Q.ll What kind of 
environmental impact 
would there be in 
bauxite production? 
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APPENDIX 4 

Fertiliser Application in Kuumba8s Central Region 
By 50,000 farmers with 8 acres each (million lbs) 

1964 65 66. 67 68 69 70 71 72 73 
30 30o5 31o2 32 45 60 60 61 62 62*4 

Amount of Chemicals used to Spray Cotton and Maize (ounces per farmer) 
1964 65 66 67 68 69 70 71 72 73 
300 300ol 300 400 500 500 500 501 501 550 

Total Yield of Maize in Million lbs0 per Year. 
1964 65 66 67 68 69 70 71 72 73 
600 600 600 a 600 ol 900 1,100 1,000 900 850 830 

Fish Caught in the Area in '000 lbs0 per Year 
1964 65 66 67 68 69 70 71 72 73 
300 350 470 400 100 50 50 51 51 52 

Reported Bilharzia Victims among Farm Families 
1964 65 66 67 68 69 70 71 72 73 
1,100 1,300 1,500 1,780 2,301 3,540 4,917 6,790 9,241 14,157 

Volume of Sulphuric Acid and other Chemicals from Pulp Factory into River Water 
(in gallons) 
1964 65 66 67 68 69 70 71 72 73 

400 900 1,200 1,700 2,200 2,500 2,900 3,052 

Effluents from Mining Operations in River Water (in tons) (trailings, earth eto«) 
1964 - 65 66 67 68 69 70 71 72 . 73 . 
100 300 600 800 1,100 1,400 2,000 3,000 3,500 4,300 

Estimated Weight of Soil Run-off per Acre of Arable Land (in tons) 
1964 65 66 67 68 69 70 71 72 73 
1.9 2 2*7 4 5 5 6 6.5 6 6 

Sstimated Fertiliser Loss in the Whole Area through Leaching and Run-off 
(million lbs.) 
1964 65 66 67 68 69 70 71 72 73 

1 3o5 3»12 3*2 4»5 6.1 6.2 6.4 6.6 6.6 
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You constitute a planning body with direct access 
to the President. 

Your job is to come up with a set of recommendations 
based upon. 

1) The materials given for Kuumba. 
2) The assumptions you agree upon as a group. 

To arrive at an evaluation of; 

(a) What was done; 
(b) What should have been done; 
(c) What should be done in future,i.e. should the 

past policies be pursued with modifications or 
should an alternative strategy be implemented? 
If the latter, what should it be? 
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RECOMMENDATIONS FOR KOUMBAs GROUP 1 

Chairman^ 33r® Lo Mhlanga. 
Group Leader g Mir0 .Mo Bahal 

jorteurs Dr 0 Lo Mureithi 

Administrative Aspects 

lo A national planning commission should be set up to evaluate all the country's 
potential viewed as a. whole® This body should be able to give guidance as 
to where the various economic"activities (fisheries, ranches8 national parks, 
agriculture, industry, eto0) should be locatedo 

2o A Bureau for Resource Assessment should be set up attached to the National 
Planning Commission;, 

3® Explicit policy statements should be made, for example, what priorities 
to attach to rural and urban areas® The chairman of the National Planning 
Commission should attend relevant cabinet meetings'so as to be in a 
position to brief the Commission on government policy® 

4o A body should be instituted with statutory powers to coordinate the various 
ministries in the implementation of projects0 It should be interdisciplinary 
and ihtermxnisterialo It should have a liaison officer to bring in people 
at local, regional and national levels. 

Project Formulation and Implementation a — I..I .Ill u. W "" . -Ĵ IMCLMlCXtK1UCmaCX!XSBC*sam̂ ;3 

lo Several pilot projects should be set up in a variety of locations thought to 
typlify several large areaso Only those that are shown to be successful 
should be replicatedo 

2® When projects are being formulated, the needs of the intended beneficiaries -
the local people - should be considered and ©entinuously monitored® 

3o Serious consideration should be given to the Ideational aspects of projects® 
Every project should be' set up in the "best" location, both technically and 
economically, for that project® 

Land-based Projects 

lo The utilisation of land ~ be it for agriculture, national, parks, etc® -
should be made on the basis of'maximising benefits or returns and real 
expert advice should be soughto 

2o Selection of crops, domestic animals9 crop mix or crop-animal mix should 
be done on the same basis as in 

3o Extension officers concerned with agriculture, fertilisers, etc® should 
be in continuous contact with farmers so as to efficiently direct expertise 
into farming® 

4o The carrying capacity of land should be assessed carefully before determining 
the number of people per acre, livestock density and the kind of domestic 
animals recommended for a given eco-systemo 
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5° A soil conservation programme for the whole area should be implemented. 
People should be educated concerning the benefits of afforestation, 
terracing etc. Though most people will continue to rely on wood for fuel 
for a long time, alternative sources of power should be explored and a 
reduction in tree cutting encouraged. 

6. Application of chemicals on crops should be done in correct quantities, 
so" as to minimise the hazards to other creatures in the environment. 

Water-based Projects 
lo There should be continuous monitoring of the situation or position of 

such projectso This would facilitate anticipation of any problems that 
might arise and expedite advice on corrective measures. 

2. Research should be instituted as to whether water weeds (Salvania) should 
be utilised or destroyed<, Do they have economic value (e"ogo feeding pigs) 
or are they just a nuisance (fish killer or dogger of generator blades)? 

3o Any water-borne disease eradication programme (e0g. schistosomiasis) should 
be done in such a way that other creatures in the eco-system are not harmed. 
Selectivity in elimination is ©ailed for0 
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RECOMMENDATIONS FOR KUUMBAS GROUP 2 

Chairmang Dr. Nicholas Otieno 
Group Leaders Mr, W,N, Mbote 
Drafting Committeeg-

Mr . Semugoma 
Mr0 Pintz 

The following recommendations are offered as a basis for Kuumba's 
future development programmeo It is felt that these recommendations are 
consistent with the proposed national goals, lessons learned from past 
development mistakes, and eeo-development. 

Agricultural Policy 
lo Future emphasis should be on attaining domestic self-sufficiency in 

food crops. 
2o A major programme of livestock development should be undertaken. 

Particular attention should be given to rural marketing institutions. 
3® Maximum use should be made of animal by-products, such as manure, 

and grain waste for animal feeds. 
4o Future development projects should only be undertaken when specific 

soil surveys have been completed. 

Resettlement Policy 
lo Resettlement schemes should be preceeded by ethnic and occupational 

studies of the proposed settler and indigenous groups, 
2o During the initial stage of a project the settlers should work for 

the governments and the scheme should become independent only after self-
sufficiency has been established, 

Water Policy .. 
1. Hnphasis in future development schemes should be on non-consumptive 

uses"of water. 
2. Comprehensive studies of aquatic ecology should preceed any new water 

development programme. 
3o "Wherever possible, water transport should be substituted for surface 

transport. 

Socio-economic Policy 
lo The ownership of the means of production should either be directly in 

the hands of government or heavily regulated for the benefit of the majority 
of the people0 

2, Government development policy should be oriented toward low-income 
people. 

3o Government should pay greater attention to the needs of the traditional 
sector and its transition to the modern sector. 

4o Government economic policy should emphasise substitution for imported 
raw materials. 

Mineral Policy 
lo Extraction rates of mineral wealth should be roughly compatible with 

general social and economic growth. 
2. The minerals industry should be localised at the earliest possible 

moment, 
3. In-country processing of minerals should be encouraged. 
4. All mineral projects should be designed so as to minimise polluting 

effluents o 
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Tourism/Wildlife Policy 
lo Mass tourism, for example package tours, should be discouraged. 
2. Tourist infra-structure should be" Kept at a minimum and tourism 

should be on a very exclusive/expensive basis in near-wilderness reserves, 
3o Development" projects should be sited on the periphery of game 

areas (where no other areas are suitable) 0 They should be sited in such 
a way as to cause the least interference with natural patterns. 

Health Policy 
IV A massive health education programme should be undertaken in rural 

areas. '"This'"programme should stress sanitation, nutrition and should 
target health problems such as bilharzia. 

2o The Euumban government should provide rural health posts and clinics 
for preventive programmeso 

3. A comprehensive public health inspection programme should be under-
taken. 

Rural Development Policy -
I® Stress should be placed upon developing marketing facilities in the 

rural areas. 
2. Wherever possible, urban amenities should be extended to the rural 

areas. 
3o A programme should be undertaken to strengthen rural institutions 

with special emphasis on traditional rural values and the rural heritage. 
Urban Policy -

lo Low income housing schemes should be established near the job 
centres. 

2. Minimal services (water/sewage) should be provided, together with 
access to indigenous building"materials. 

3o No elaborate building standards should be imposed. 
4. Low income schemes should be primarily self-help. 

Forest Policy 
1. A major reforestation policy should be initiated as a means of 

generating both rural employment and providing a source of energy in the 
rural areas. 

2. Where feasible, forest areas should be combined with other areas 
to provide varied eco-systems and habitats. 

Fisheries Policy 
1. Thorough ecological studies should preceed any fisheries 

programme. 
2c Estimates of maximum off-take, surveys of dietary patterns and 

social attitudes in prospective markets, and a "comprehensive infra-
structure and processing study should be undertaken early in any 
fisheries development programmeo 

Education Bolicy 
lo Education should be made relevant to the local needs of the people 

of Kuumba. In particular, conservation education and appropriate economic 
techniques (e.g. agricultural, mining, etc.) should be stressed. 

2. There should be an equitable distribution of educational opportunities 
between rural and urban areas 0 
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RECOMMENDATIONS FOR KUUMBAs GROUP 3 
Chairman % Dr. Peter Mwanza 

A PLAN FOR INTEGRATED SOCIO-ECONOMIC DEVELOPMENT 
Preamble 

The primary objective is to develop Kuumba in such a manner as to 
allow the country to prosper both socially and economically and with the 
minimum destruction to the environment0 Given the primary objective, there 
are several mistakes which have been committed in the past which need to 
be avoideds 

lo The policies of government iirere never really clear; 
particularly there was no definite ideological guidance 
from the state. This made public participation difficult 
as the people were generally very confused. 

2o The style of administration seems to have been based more 
on coercive rather than educative principles (of; policy 
on bilharzia). This has been entirely negative from the 
standpoint of social development0 

3„ The economy proper had declined and the country was 
"becoming more and more dependent on imported goods and 
hence at the mercy of external economic systems. In-
ternally, there was an alarming maldistribution of econo-
mic benefits (e.g. land), especially to the detriment of 
indigenous people0 

In shortj Kuumba seems simply to have adopted and perpetrated the colonial 
economic system inherited at independence. 
The Plan - , 

The first step towards any national planning is the collection of 
data. The following steps are to be recommended2 

1. Government should commission a population and an economic census 
so that we can determine what size of population and what range 
of economic potential we are-dealing witho 

2. The economic census should quantify all the resources and include 
in"its scope a geological survey to determine what other mineral 
potentials there are apart from bauxite. 

3o Government should establish permanent data collecting institutions 
for the continuous appraisal of the economy. 

Infrastructure % Development will require an efficient system of both 
physical and social infrastructural arrangements. 

4. 
5° 

6. 

7c 

Agricultures As this is primarily an agricultural country, our aim should be to 
keep the peasants on the land and hence allocation of budgetary provisions should 
clearly show this biaso Our specific task is to transform the agricultural 
economy from subsistence orientation to a cash economy. 

IDS/OP 15 

Government should improve existing roads.. . 
Government should also improve water navigation so as to prevent 
too much reliance on road transportation. 
Government should make use of the electrical power derived from 
the river among other things to electrify the rural areas generally. 
Government should develop a more efficient marketing system especially 
for agricultural and livestock products based essentially on railroad 
development, should water transportation become for some reason 
impossible. rŝ ŝ rr 
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80 Government should step up the production of maize, cotton, tobacco 
and such foodstuffs as"are presently imported and which can be 
relatively easily produced and. sold locally. 

9o With the availability of the dam, irrigation projects should be 
started for the introduction of high protein foods. 

10. Government should develop the livestock industry in the north with 
regard being paid to the socio-cultural factors obtaining there. 
The livestock industry should be based on a feedlot system with 
an average density of one animal per acre. 

11. Government should use the opportunity presented by the dam, the 
lakes and the rivers to develop a strong fishing industry. But 
there should not be any further introduction of new varietiesr Of 
fish until a detailed survey concerning the chemistry of biotics 
of water, their behavior at primary production and the nature of 
aquatic life existing in them has been made. 

12. Government should start a programme of re-afforestation in the south 
which in turn will provide a basis for recreation and the development 
of paper and wood industries. 

13» Government should sieze all undeveloped and underdeveloped farms 
and transfer them intact to the indigenous people. The organisa-
tional structure of these"farms should be as far as possible based 

— - on cooperative principles. 
Industryg Industrial development should in principle be decentralised so as 
to avoid maldistribution of the labour force and reduce rural-urban migration 
presently taking place. 

14. Government should establish agriculturally based industries to deal 
with the processing of tobacco, coffee, tea, cotton, canned foods, 
paper and wood. These should be situated where the raw materials 
are to be found. 

15« Government should shift the bauxite smelting industry to Msimbi 
from the region of the capital. The machinery and standards of 
production should take special account of the necessity to preserve 
the environment. Hence as far as possible "clean® technology should 
be preferred. 

16. Government should insure that these industrial undertakings are 
placed under some form of public control and management. 

Tour isms The primary aim of the government must be to develop its rivers, 
forests and wildlife for the good of its own people. The emphasis on animals 
must therefore be changed to accommodate wider environmental and human concerns. 

17° Government should improve existing game parks and make them easily 
accessible to the local population as well as visitors from overseas. 

18. Government should also preserve historical monuments and other sites 
for the benefit of posterity. 

Educations Education for development must be sensitive to local needs and 
conditions and be properly and efficiently structured. 

19. Formal education should include as a pre-requisite a programme for 
literacy and numeracy as soon as possible. Free and compulsory 
education is therefore essential. In order to avoid a gap between 
youth education and adult responsibility, a programme of adult 
education must accompany the latter. 
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20. Government should introduce a comprehensive programme of technical 
education, build technical schools concentrating on acquisition 
of intermediate skills, and devise ways and means of keeping leavers 
in the rural areas where they are needed. 

21o Government should train an efficient cadre of extension workers 
whose job it would be to teach and communicate technical and develop-
ment information to all farmers without regard to status or level 
of progressivenesso 

22o Government should encourage the development of self-help groups 
and organisations which can operate both as production units and 
channels of communication in the rural areas. 
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RECOMMENDATIONS FOR KUUMBA s GROUP 4 

Group Leaders Guy Danjoux 
Rapporteurs Miss Folak 

After independence, the Government of Kuumba had to establish its 
objectives concerning industrialisation and agricultural development, based 
on exports. 

Agriculture for local consumption had to take second place to export 
orientated production. The problems of the environment and of social con-
sequences of the decisions taken have not been sufficiently considered. 

We note the low expenditure in the budget on agriculture and health 
and the high figure on defence. As subsistence agriculture plays an important 
part in the country, more emphasis must be put on education and information. 
Diversification in agriculture is strongly recommended to remedy deficiencies 
in the diet of the people. 

In view of the preceeding comments, in our opinion, the following 
mistakes were made: 

1. The construction of the dam seems unjustified in view of the possibility 
of producing hydro-electric power cheaper and with less topographical 
damage from the falls at the outlet of the lake. The dam seems to 
have been the main influence on the whole country. All the ill effects 
seem to have been overlooked at the planning stage. 

2. The concentration of light industries in the capital city without 
at the same time promoting some of these industries in the rural areas 
has been the wrong policy. 

3. Soil conditions were not sufficiently investigated for the type of 
crops and techniques used. Also, the question of grazing land and the 
prevention of overgrazing has not been sufficiently studied. 

4. The preservation of the soil on the plateau east and west of the lake 
for the use of future generations has been neglected. 

Recommend-ations 
1. Creation of medium-sized towns to serve as links between the three 

principle cities and the existing small settlements. These towns will be self-
contained with light industries, health and education facilities and information 
centres for the needs of neighbouring settlements. 

2. A rational land distribution for various uses supported by appropriate 
techniques, traditional and modern, with a special view to encourage subsistence 
crops and cattle raising, should be planned. 

3. We consider it necessary to divide the 150 large estates at present 
not fully utilised among the small farmeis with growing families, or to use them 
to benefit populations displaced by the construction of the dam. 

4. A cooperative movement, grouping small farmers, is recommended for 
the following reasonss 

a) better possibilities for technical assistance; 
b) commercialisation of their products; 
c) supply of agricultural input; and 
d) possible establishment of small industries using local 

materials, agricultural products and waste. 
5. Afforestation of certain areas should be undertaken and rational 

exploitation of existing forests. The benefits will be timber for building 
purposes, paper, chemical production and the use of greenery for cattle 
feedingo 

6. Anti-erosion measure must be taken. 
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7« As an alternative to building the dam and to use funds allocated 
to the dam5 we recommend the exploitation of the bauxite mines and 
refining into the finished product of aluminium, using electric power 
generated by the falls at the outlet of Lake Harambee. Anti-pollution 
measures must be accounted for. 

8o The more rational use of the lake is recommended, including 
aquaculture, transportation, recreation and tourist development. 

9. Housing and human settlements should be improved utilising local 
materials to the full in the rural areas, to prevent migration to larger 
towns. Better amenities such as transportation, community and health 
centres, primary schools, etc. should be provided. 

10. Finally we would advocate more research to be undertaken into 
alternative (e.g. solar) sources of energy, biological insect control, 
better utilisation of industrial, human and animal waste and the cultiva-
tion of certain types of crops capable of surviving in semi-arid areas. 
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CASE STODYs NAKURU., KENYA 

RECOMMENDATIONS FOR NAKURUs GROUP 1 

Chairman; Mr® Gaohui 
Rapporteurs Mr® Okoth-Ogendo 

General Policy 
What is required is a plan that would strike a balance "between the 

requirements of the human environment and the Lakeo This means that apart 
from the concerns of the National Parks we must incorporate into our plan 
the concerns of the municipality and the surrounding farming community. 
Preliminary Recommendationss Despite the memo by the National Parks, it is 
fairly clear that we do not know enough about the entire environment, the 
Lake, the birds, the people, the industries and the farming systems around. 
I. The Municipal Council, National Parks and the Ministry of Agriculture 

should together establish and maintain a research laboratory in Nakuru 
whose duty it would be to monitor information about the stability of 
Lake Nalcuru and its chemistry? to analyse all the waste that is dis-
charged by the various activities under ordinary and emergency conditions 
in and around the town? to isolate all the harmful from the harmless 
wastes; to determine how much of these are tolerable both to the human 
and animal environment 5 and to investigate what effects the special 
geographical conditions of the Nakuru area would have on future develop-
ments of the town and its environs® 

Short-term Measuress The disposal of industrial waste presents a most 
immediate problem both to residential areas through which the sewage passes 
and the life on the Lake where the sewage ends. 
2o The Municipal Council should treat industrial waste at plant sites to 

prevent seepage of toxic materials into the Lake® More especially, heavy 
mineral wastes should be removed before dumping them into the general 
sewage system. 

3o The existing heavy industries should be connected so as to minimise the 
discharge of deleterious substances. 

4. Better land use plans and practices should be devised for the surrounding 
agricultural communities which would minimise soil erosion around the Lake 
and consequently the escape of pesticides and fertilisers into the Lake. 
Further, such a plan should incorporate a buffer sone between farm land 
and the National Park such that agriculture is kept at a reasonable 
distance from the Lake. 

Long-Term Measures 
\ In the long run more fundamental action will be needed to ensure a 

more integrated development of the Nakuru environments 
5« Th© Kational Parks should in-fit© a, specialist to advise on the possibility 

of constructing underground cables within the Park so as to prevent death 
of birds through electrocution and also improve the scenery. 

60 Environmental education should be introduced into the primary and secondary 
schools nearby as soon as possible® 

7® Industrial concentration in Nakuru should be broken by the creation of 
satellite villages around the town. 

8. Residential estates should be located where there is minimum possibility 
of pollution. The exact locations will, however, depend upon the location 
of other social amenities, e®g® schools, recreation grounds etc®, but 
in any case no more developments should take place towards the Lake. 
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RECOMMENDATIONS FOR NAKURU: GROUP 2 
Chairman: Dr. J. Okedi 
Rapporteur: Dr. L. Mureithi 

We offer some recommendations on four broad headings: industrial 
and human wastes, agricultural practices, game park conservation and financial 
and administrative arrangements. 
Industrial and Human Wastes 
1. A number of industries have already been set up and it would be very 

expensive to dismantle and take than elsewhere. It would not be wise 
to relocate those industries with hazardous effluents outside the lake 
catchment area because this would just transfer the problem from one 
area to another. It is recommended, therefore, that rigid standards 
be set and enforced as to the tolerable level of pollution, both 
water- and air-borne. 

2. Waste from the present industries should be purified before finding 
access to the Lake. 

3. The cleansing ponds (sewage and oxidation lagoons) must be made to work 
efficiently. Since they tend to be stenchy, particularly the first three, 
they should be located away from human habitation, besides being away 
from the Lake. 

4. There is a need to remove any poisonous deposits from the sediments in 
oxidation lagoons and the Lake basin. 

5. Run-off from the city due to roofs and tarmac can flush petrol, oil and 
grease deposits. The municipality should institute a by-law forbidding 
garage owners and other users of oil from discharging this in the open 
and instead require them to burn it. 

6. Any new industries with effluents dangerous to wild life should be placed 
outside the area and purification measures -undertaken there. 

7. We note the presence of vegetable gardens below the refuse dump. Copper, 
lead and zinc are easily picked up by those plants and lead poisoning is 
a real danger there. We recommend that the dump be removed or/and 
growing vegetables be stopped forthwith. The dump should be located in 
a hole OUTSIDE the catchment area. 

8. To avoid inundation of the town by air-borne industrial wastes, the 
dump should be located on the hill to the north-west of the town. 

9. At present only one-third of the population in Nakuru are connected 
to the sewage system. The other two-thirds use pit latrines. While 
seepage and percolation could purify the water, it all depends on the 
soil type. If clay, not much percolation is possible and overflow in 
rainy season is a real possibility. It is recommended that pit latrines 
should be planned according to the nature of the soil. 

Agricultural Practices 
10. Currently, cultivation is done up to the banks of Njoro River, thus 

raising turpidity in the water which raises sedimentation in Lake 
Nakuru and spreads havoc among the Lake-area fauna and flora. We 
need to create a buffer zone between agricultural land and the National 
Park and also between the National Park and the town. 

11. Chemicals and fertilisers used can be flushed into the lake. It is 
important that the quantities be kept to the minimum required so as 
to minimise detrimental effects on the environment. 
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12. Soil erosion is a widespread phenomenon in the area. This should "be 
arrested by two measures. First, cultivation of cereal crops (maize 
and wheat) should be discouraged in favour of sisal and cattle 
ranching. Second, intensive soil conservation measures should be 
popularised. 

13. Further settlement in the area should be discouraged. If possible, 
those already settled there should be relocated. 

Game Park Conservation 
Lake Nakuru is a small and shallow lake which sometimes dries up, 

thus affecting the animal and plant cycle. It is supplied by small rivers 
and has no outlet except evaporation; thus it is essentially a soda lake so 
that land animals do not use it directly for drinking. Some fish have been 
introduced and are doing well. 

To preserve the game park we recommend:-
14« Roads and houses should be kept to the bare minimum consistent with 

viewing of wild life. 
15. Lake Blmenteita forms an ecological unit with Lake Nakuru in the sense 

that flamingoes and other birds migr-te between the two. These birds 
must be protected even while in Lake Elmenteita. Any interference with 
the migratory cycle should be opposed. We note that Lake Elmenteita 
is on private property (Lord Delamere's Estate) and for preservation 
statutorily should be brought under Government control. 

16. We note a,lso that since Lake Natron in Tanzania is a migratory 
sanctuary for flamingoes and other birds found in Lake Nakuru, inter-
state cooperation is necessary for a meaningful preservation strategy 
for these rare birds. 

17. High tension power lines kill birds in flight, not by electrocution but 
"by injury on collision. If we tried fitting the wires with noise-making 
mechanisms, we are not sure whether the birds will hear the noise and 
avoid collision and we also cannot be sure that this will not introduce 
perpetual noise pollution. We recommend that the National Parks should 
launch a study into the mortality effects of power lines. 

18. Some park animals, -.g. water buck* are reproducing rapidly due to lack 
of predators. A study should be undertaken to ascertain whether some 
of these animals should be 'harvested' for human consumption, or whether 
predator animals should be introduced in the Park in order to maintain 
an ecological balance. 

Financial and Adm ini.str at Ave Arrangements 
1-9' The collection at the park gate amounts to some IC.Shs 1.5 million and 

results in substantial monies net of operating costs. We recognise that 
the money spent in the area for food, petrol, lodging,etc. may exceed 
the gate taking at the park but these are invisible benefits to hoteliers, 
petrol station owners, etc. There should be visible direct additions to 
tho area's welfare. We propose that the National Farks should earmark 
aom of that money for social amenities and Harambee projects in Nakuru 
ares-. 

20, M̂ '̂ OTfisnt of the Park should be entrusted to a joint board to coordinate 
various activities. On that board there should be representatives of 
agriculture, business, tho municipality, the community and the National 
Parks, 
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2l0 A representative of the National Parks Department should sit in various 
Municipal Council committees in order to create a liaison between the 
two bodies. 

22o Residents of Nakuru should be allowed to enjoy their facility by either 
(a) granting them free entrance to the Park or charging only a nominal 
fee (much less than the present K.shs 5/- for citizens), or (b) maintaining 
the fee but providing free transportation in the Park. 
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RECOMMENDATIONS FOR NAKURU; GROUP 3 
Chairman: Mr. Chileshe 
Rapporteur; Mr. Kabwegyere 

Problem Isolation 
1. There is a lack of interdisciplinary research. 
2. There may have been some form of adaptation by the animal life in this 

area. An attempt to move to a pure stage may be deleterious. 
3. The problem is to try and get a reasonable balance between the human 

needs, animals and the environment. 
4» It was reported that there was an alternative to drain waste from Nakuru 

town, but the costs were prohibitive. 
5. National interests may conflict or even contradict local interests. As 

a result of this a board representing the divers interests is needed. 
Problem Areas 

The following four problem areas were isolateds-
1. The Lake and wildlife, 
2. Industrial activity, 
3. Agricultural activity and 
4- The human impact. 
Recommendat ions 
1. Preservation of the Lake and Wildlife 

Remove the people from the Western part of the area to the Eastern 
part to allow more land for wildlife arotinr1 the lako as planned. It should, 
however, be taken into account that Lake Elmenteita should not be affected 
as it is kno^n to be the breeding area of the birds. If it should be found 
that Lake Elmenteita will be negatively affected, these people may be resettled 
elsewhere. • Government should take into account the problems of huiuan dis-
placement with social and economic measures. 

A study of the behaviour, breeding habits and numbers of the bird 
life should be commissioned in order to understand the ecological balance 
of the area. 
2. Industrial Activity and Town Planning 

In order to preserve the Lake and wildlife, industrial and town 
expansion should be divided away from the Lake. 

The industrialists should use anti-pollution devices to reduce 
environmental hazards that often result from industrial activity. 

The new dumping ground for industrial waste should be decided after 
a thorough geological study to avoid the filtration of these dangerous products 
into the Lake. 

New residential estates should be sited to the north-east of the 
town. 

The central government has the heavy responsibility of getting 
the land, and if need be seizing it, and providing the necessary infrastruc-
ture that is required for this planned change. Incentive schemes should be 
made available to those who have the heaviest human burden. The costs of 
effecting these changes should be apportioned on the basis of relative 
benefits, i.e. taking account of the local people, local government, central 
government and the international community. 
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3o Agricultural Activity 
The slopes of Menengai Grater should be afforested to stop soil 

denudatioru 
The land near the Lake should be used for ranching instead of 

ordinary agriculture which tends to use high inputs of fertilisers that 
finally wash into the Lake. 

All these measures are meant to reduce pollutants into the Lake. 
It is therefore suggested that constant checks of levels of pollution 
should be undertaken. 

4« Human Impact 
There should be continuous ecological studies which should include 

the impact of man on the National Park aimed at preserving harmony between 
animal life, humans and the environment. 

The deleterious effects should be periodically corrected. 
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RECOMMENDATIONS FOR NAKURUs GROUP 4 

Chairman3 G. Dsnjoux 

An area authority should he created (for the Lake Nakuru basin) to 
coordinate and unite the activities and to look for a compromise between the 
interests of the different communities? agricultural, industrial, tourist-
orientated and preservationists. 

Limnology 
It would be interesting to know the exact concentration of salt in 

the Lake when it is at different levels. Even if the concentration of harmful 
chemicals is less in the Lake than it is in the main sewers, high enough 
traces are still found in the Lake. Research should be made to determine 
whether the concentration of chemicals entering the Lake could not cause a 
disruption in the cycle of flamingo droppings recycled to algae. 

Agriculture 
Soil erosion could be prevented by terracing. Natural manure should 

be used whenever possible instead of chemical fertiliser. Also chemical 
fertilisers and insecticides used must be carefully selected to choose those 
more easily broken down in the ecosystem. The group is against resettling 
of people and would prefer to see rather an intensive programme of improving 
agricultural methods, use of waste products from the dairy industries, irriga-
tion, etCo, so as to prevent an encroachment of agriculture on National Park 
land. 

Industry 
We suggest that industrial waste should be treated separately from 

domestic waste to a standard so high as to make it possible to recycle the 
effluent back to the industries, always excepting the use of this recycled 
water for consumption or any other purposes where it might prove unsuitable. 

Domestic waste could be treated and used for irrigation. 
A tax should be levied on industries graded according to the amount 

of effluent from each factory. The area authority which we have previously 
suggested should be responsible for the control of these operations. 

The Town 
The run-off from roofs could be collected and directed through 

pipes into the sewage system. The disposal of solid waste involves more 
than just moving it to another area away from the Lake. To avoid contamina-
tion of soil and underground water, incineration would be the best method. 

The question of the new road has been discussed. Considering all 
the arguments for or against the road cutting across the northern part of the 
Park, we think that it would be more beneficial both to the Park and the 
people of Nakuru for the road to pass through the racecourse and enable the 
Park to be enlarged. The saving of £100,000 in this way could, in part, be 
used for various purposes to benefit the people of the town. 

A land use survey of the town is necessary to assess its expansion 
on most suitable grounds away from the side of the Lake. The areas most 
appropriate for agriculture, recreation and tourism must be protected* Tc 
the north-west of the town seems the ideal site for expansion. This extension 
should be comprehensively planned to include all essential amenities. 



IDS/OP 15 

To maintain an equilibrium between town, rural areas and the 
natural environment, every effort should be made to improve living conditions 
and create working possibilities (cottage industries, etc.) in the rural 
areas. 

The Park 
Excavations for road use should not be made in a National Park. 

Similar types of soil could probably be found in the surroundings for this 
purpose. The buffer zone around the Lake must be preserved at all cost for 
the benefit of wildlife. 
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COMPREHENSIVE PLANNING OP NATURAL RESOURCES: 
PRESENT SITUATION AND FACTORS TO CONSIDER 

% 
Kai Curry-Lindahl, 

United Nations Environment Programme 

The grim truth is that there has never in human history been 
any ecologically based long-term land use planning. Regardless of whether 
there have been serious pressures on the lands and waters or not, the 
utilisation of our most valuable resources has usually constituted environmental 
failure. This sad situation is quite clear from the testimonies of the lands 
and waters themselves in both so-called developing and developed countries. 
Whatever region or climatic areas one focusses upon in tropical, temperate or 
subarctic parts of the world, the evidence of unwise land use is overwhelming. 

Therefore, in the interest of national prosperity and human progress 
in the various countries of the world many reasons make it imperative that 
problems concerning the ecology, conservation, management and utilisation of 
a nation's renewable natural resources deserve to be accorded high levels of 
priority in terms of economic, social and scientific planning. In subtropical 
and tropical countries with fast-growing populations, the nutritional needs 
alone provide sufficient justification for national efforts to improve the 
efficiency and increase the productivity of various forms of land without 
causing long-term deterioration. Yet, over the last century in general and 
in the last two decades in particular, there has been in most countries an 
ecologically unwise exploitation of renewable natural resources and a far-
reaching destruction on an increasing scale of water, soil, vegetation and 
wild animal populations. Should this environmental degrac aiion continue 
for another decade without energetic and efficient measures to stop it, 
there is little hope for the future of quite a number of nations. 

Obviously progress - agricultural, industrial, scientific and 
educational - is the only road to prosperity. However, progress does not 
mean going ahead using methods and applying policies which have not taken 
ecological realities into account. Elementary ecological knowledge end 
conservation principles must be an integral part of all development planning 
and decision making at the same level as social and economic considerations, 
in order to avoid the process of gradual environmental decline leading to a 
point of no return. 
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The situation just described is global in scope, but also holds true 
for Africa. Can management and legislation be the answer to water and land 
use problems? It certainly can, provided it is ecologically sound, effective 
and implemented with a long-term perspective. It also needs a firm political 
will to implement what is ecologically necessary. 

However, all attempts to plan and manage the renewable natural 
resources are futile as long as the human population growth is not under 
control. This is the basic conservation problem of Africa on which all other 
serious conservation problems depend. 

THE PRESENT SITUATION IN KENYA AS AH EXAMPLE 

In 1972 the Government of Kenya published its National Report 
to the United Nations on the Human Environment, presented to the U.N. 
Conference on the Human Environment. It consisted of a review and assessment 
of present environmental problems in Kenya. This basic document on the status 
of the natural resources in Kenya received much attention and respect from 
those governments and international organisations involved in the preparation 
of and participation in the U.N. Conference. The Report gives a firm back-
ground for future action. 

The population of Kenya is totally dependent for its existence on 
the fertility of the land, that is water and soil. Pour-fifths of Kenya 
consists of arid, low-yielding lands. Only 12 per cent of the land area 
gets adequate rainfall for intensive farming with a further 6 per cent 
of land getting marginal rainfall. Yet, 90 per cent of the 12 million 
population live in rural areas of the country and 75 per cent obtain their 
livelihood from the land. Seen against these facts, the increasing and 
accelerating rate of growth of the total population, 3.3, per cent in 
1969 (one of the highest in the world), obviously has far reaching and 
serious implications for the environment and, therefore, ultimately for man. 

Consequently, Kenya, like most other tropical and subtropical 
countries, is facing a problem of fundamental importance for the future of the 
country, namely the conservation, management and utilisation of the renewable 
natural resources from which the human population derives its subsistence. 

In other words, it is essential to ensure the management of these 
resources and to avoid as far as possible the destructive environmental 
effects of the ever greater pressure on them caused by population increases. 
Yet, every day serious damage on an increasing scale is undermining the 
capital of renewable natural resources and reducing their utilisation potential. 
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Certain areas are already irreparably damaged, while in others the carrying 
capacity of the soil has been exceeded and degradation is accelerating. It 
is evident that certain of the renewable natural resources are deteriorating 
mainly as a result of unwise land-use practices which have been going on for 
a long time, and in addition new forms of environmental danger have recently 
become apparent, namely the pollution of the air, water and soil often through 
the use of toxic chemical biocides whiofe on an accelerating scale are accumulat-
ing in the environment and in all living organisms, including man. 

OTHER COUNTRIES 

Of the other twelve African countries which are covered by this 
Seminar, the following ones show a roughly parallel situation to the one prevail-
ing in Kenya: Sudan, Tanzania, Zambia, Malawi, Botswana and Swaziland. 
Somalia, Ethiopia and Lesotho are facing an even more serious environmental 
situation due to far-reaching erosion caused by man and livestock. Madagascar 
is also entangled in dramatic consequences of unwise land use, but owing to 
its peculiar ecological setting as an isolated subcontinent, it has problems 
of its own. Mauritius is in a somewhat similar situation, but due to the single 
culture which covers almost the whole island it has very specific environmental 
problems. Uganda, blessed by a relatively high rainfall, has so far escaped 
many of the destructive forces which are affecting'all the other countries 
dealt with here. 

However, whatever the ecological situation is in the various 
countries, they all need to plan the conservation, management and utilisa-
tion of their natural resources in a comprehensive way in order to avoid an 
unwise exploitation which might be profitable during the first years but 
in the long term have adverse effects. 

USEFULNESS OF AND THREATS TO RENEWABLE NATURAL RESOURCES AS A BACKGROUND TO 
ENVIRONMENTAL PLANNING 

Marine and Brackish Water Resources 

Tidal estuaries and brackish water habitats produce environmental 
conditions that vary greatly from one area to another, depending on tides 
and freshwater outflows, temperature and salinity, bottoms and vegetation, 
and so on. Mangrove growths represent a very special environment, particularly 
below the water surface where the tangle of mangrove roots creates a peculiar 
underwater world with an extraordinary gathering of marine and freshwater animals 
Usually estuaries and mangrove forests are regarded as unproductive waste-
lands, suitable for dumping industrial and urban wastes, The contrary is true • 
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Estuaries are often among the world's most fertile areas. 

Coastal shallow waters and estuarine wetlands are often subjected 
to physical alterations besides being heavily polluted. Draining, dredging, 
filling and waste dumping of such coastal waters and lands are often highly 
uneconomic and can greatly reduce or entirely eliminate the food base for many 
or even all organisms in such wetlands, with negative repercussions also to 
human economic interests. 

Coral reefs are in many ways an asset. They are important economi-
cally because the productivity of their organisms is high and contributes to 
several food chains in the ocean. Their fishery value is high, both directly 
and indirectly, for they provide food, shelter and spawning sites for marine 
life. In addition, they have mineral and recreational values. 

Dynamiting for fishing and the trade in corals and shells as curios 
for visiting tourists have grown to such dimensions that it is now a threat 
to the living species and entire coral reefs. Some beaches, littorals and 
reefs have been virtually cleaned by collectors for commercial purposes and 
are noxj like lifeless submarine deserts. 

Another threat to coral reefs is the unnatural accumulating 
sedimentation in the sea carried by rivers as a result of soil erosion 
from river banks and surrounding lands within the water basins. This 
erosion is in its turn due to unwise land use. It is an example of how man-
made soil erosion in the interior of a country causes serious environmental 
damage in the sea affecting the productivity of marine fish and economically 
important tourist attractions. 

The coastal waters are being polluted by oil discharged from 
ships accidentally or deliberately, as well as from industrial sites on land. 
The fines which have been imposed have little effect as a deterrent. 

Deep ocean fishing by factory ships of several countries threatens 
populations of economically important marine fish living off-shore, for 
example raarlin and tuna. 

Freshwater Resources 

Environmental deterioration of terrestrial resources affects 
freshwater resources, but it also work® the other way around: misuse of 
water causes degradation of other resources. These problems merit attention. 
This is particularly true for Africa where freshwater resources are limited 
relative to area and population. 
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It is of great importance in conserving water resources that the 
soil-holding quality of the vegetation is not removed, Yet9 this is 
just x\rhat is happening over wide areas of Afriea0 The results are that 
the soil erodes from slopes arid river banks choking water courses, 
silting reservoirsa marshes and lakes and altering such marine habitats 
as estuaries5 lagoons and coral reefso Moreover8 the amounts of 
water run-off8 percolation, storage and slow distribution are no longer . 
.regulated in a rational way when the soil structure and vegetation deteri= 
©rat® or are removed? this may lead to the collapse of productive land-
scapes o There are many examples of how such man-induced disturbances of 
watersheds^ which formerly produced permanent and stable water flows, 
have changed them to irregular water courses characterised either by 
seasonal flash-floods and long periods of aridity or by dryness throughout 
the year, As a mobile resource, the availability of water rapidly affects the 
ecology of large regions, If it is polluted or contaminated or eliminated, 
the damage is quickly spread over wide areaso Therefore^ the management 
of fresh-water ecosystems is of fundamental importance for the maintenance 
of aquatic quality <, on which so many other resources depend. 

Several lakes have no outlets ana function as closed or internal 
drainage basins0 Such lakes are often vary productive and have a rich faunae 
Many of them are alkaline. If toxic chemicals are used in industry and 
agriculture within such closed water systems9 their residues inevitably end 
up in the lakes where they and other pollutants then steadily accumulate. 
This is, for example, the case in Lake Nakuru0 one of Kenya's prime tourist 
assets. 

Water development projects in the arid regions are not always of 
long-term benefit to a country8 as too often such projects result in 
overstockings which in turn often destroys large areas of grassland and 
converts previously productive areas into deserts. Such calamities can 
be avoided provided ecological factors are seriously considered at the 
planning stage. In particular, bore-holes or other types of artificial water 
supply can have very serious environmental consequences. Often far more 
and greater improvements in water supply can be achieved by proper manage-
ment of soil, V@g#tation and livestock than through expensive construction 
of elaborate storage structures for water0 

In regions where overgrazing already exists and in which no control 
can be exercised over the numbers or distribution of grazing domestic 
animals, water development should not be attempted. Under such circum-
stances, development of new water points in areas that previously had not 
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been -used due to lack of water only leads to their overgrazing and 
deterioration. Where previously they would have supplied at least some 
grazing during the wet season without too much damage, this possibility 
could be eliminated by encouraging overgrazing dtiring the dry season. 
Experience in many areas has shown that water development in such circumstances 
can at best provide temporary relief while livestock and human population 
increases to the capacity of the newly available range. Following this, 
however, the problems that were once confined to one area will have spread 
to an entire region. Thus, xrater development without control over 
stocking and without previous ecological research is another name for spread-
ing deserts more rapidly. 

Groundwater is a resource of very high value. The use of fertilisers 
has in many areas of the world, particularly in Sudan, affected the quality 
of the groundwater. It can besassumed that the same kind of pollution occurs in 
agricultural areas of other countries, and. it is known that gr oundwater supplies 
in Kenya have been contaminated with chlorides, sulphides or fluorides. 

Many kinds of water pollution exist in Africa and are tending to 
increase. Bacteriologic and helminthic pollution is widespread. Bilharzia 
is present in some areas and is especially associated with irrigation 
schemes. Silt pollution is increasing with forest destruction and cul-
tivation on unsuitably steep slopes, affecting the potability of water, 
industrial use of water and fisheries. However, the main source of water 
pollution, apart from unnatural sedimentation and persistent pesticides, 
is due to dumping of industrial waste, and can have especially devastating 
effects in closed freshwater ecosystems^. 

At present river and lake pollution in Africa is more important 
than air pollution. 

Besides water pollution, dam construction has-also, destroyed or 
altered the ecological role of rivers. The River Tana in Kenya is an 
example where the construction of dams for hydro-electric power is 
affecting not only the migration of freshwater fish but also that of partly 
marine fish of economic importance, for example eels. Construction of 
artificial fish passes could have provided the means for these fish to move 
freely, thus conserving a renewable resource of high value. Moreover, 
dams also prevent the downstream fertilisation effects of natural flooding 
on the soils in river valleys causing a decrease of productivity not only 
in seasonal wetlands such as flood plains and marshes but also in lakes and 
rivers and surrounding lands. In addition dams are only temporarily effective, 
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because they silt up and lose their retentive capacity. Later on floods recur, 
often with much more damaging effects than natural ones. 

There are other adverse effects of irrigation besides the spread 
of bilharzia. Soil fertility is not always enhanced by irrigation. On the 
contrary, in the long term irrigation schemes in arid or semi-arid regions 
often prove to be detrimental. The high evaporation rate keeps salts in the 
soil. Irrigation tends to redissolve the salts and deposit them again as 
a crystal crust on the surface. Salinity increases and can make previously 
fertile areas useless. 

Drainage of wetlands is another example of artificial intervention in 
ecosystems which does not always lead to desirable and planned results. 
Wetlands are often highly productive of protein and often maintain the water 
regime of a region, accumulating water during excess periods and distributing 
it during dry periods. Drainage of a wetland can affect the groundwater level 
in an area much larger than the wetland itself. 

When discussing water as a resource, it is necessary to visualise that 
it is one element in a complex watershed system also-involving air, land, 
vegetation and animals. The water circulation from clouds to land and back 
to the atmosphere is complex system of transpiration, evaporation and precipitation 
partly determined by the character of the drainage basin. These interrelation-
ships dramatise the complexity of the environment and the impossibility of 
considering water as a separate, independent element. 

Soil Resources 

Africa's resources of fertile soils are under relentless pressure 
from people wanting more land for cultivation and higher yieldso This is 
not only a social and political problem, but chiefly an ecological one because 
at the same time other renewable resources are under such pressure that their 
ability to maintain and produce soils is upset or destroyed. For example, 
unwise removal of the forest cover on mountains releases an accelerating 
erosion that can reach tremendous proportions. Solid matter including fertile 
soils and nutrients removed by water erosion in montane areas runs into hundreds 
of millions of tons. Much of the transport of sediment by river from the 
mountains to the sea is a natural phenomenon and has occured long before man, 
but at the present time a high proportion of the sediment is due to man-made 
erosion. The intensity of this erosion is seen in the muddiness of the 
majority of the rivers. 
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The interactions between soil and vegetation and the rate of nutrient 
turnover from soil to plants and back to soil through decaying organisms are 
of vital importance for the maintenance of soil fertility« Moreover, the 
vegetation not only maintains the soil, it also protects it against wind and 
water erosion. In Africa, misuse of rangelands and forest through cultivation 
or overgrazing by livestock have caused accelerated erosion and serious 
losses of productive soils. Once lost, it takes very long periods to restore 
the soil, the vegetation and the productivity of the land. 

The main factors behind soil erosion are destructive land use, the 
increase of unproductive and land-destroying livestock and the pressure of 
human population growth. These factors often negate anti-erosion measures to 
such a degree that soil erosion accelerates despite efforts to combat 
it. The prospects for long-term productivity in such eroded areas are not 
bright. 

Soil erosion poses the greatest problem in cultivated zones where the 
rainfall pattern is seasonal, where monthly precipitation is about equal to 
or less than evapo-transpiration potentials and where rain falls as intense 
showers, which is frequently the case in- Africa. The cultivation of short 
cycle crops on such soils is often accompanied by very rapid erosion. Soil 
losses are particularly catastrophic if the first rains falling on ploughed 
and seeded slopes are intense downpours. In addition, the spread of pastoralism 
into areas of steep topography brings further danger of erosion, since 
overgrazed and trampled slopes are particularly vulnerable to soil losses. There 
are examples in all regions of Africa of widespread, increasing erosion due to 
unwise land use through pastoralism and subsistence farming. 

The degree of soil pollution is, in general, not known due to lack of 
monitoring. That soils must receive considerable pollution by organochlorine 
pesticides is indicated by the .study of a river system in Kenya where all 
sampling was done at low flow thus indicating that; the high residues found were 
most likely the result of groundwater flow. 

However, there are further kinds of soil pollution other than through 
biocides, industrial waste and airborne fallout of radioactive materials. 
There is also soil Pollution through biological disease agents. Pathogenic 
micro-organisms excreted by man are retransmitted to man by direct contact with 
contaminated soil. Hence, the chain in such cases is man—soil-man or 
man-soil-vegetation-man. Animals can also enter in the contamination chains 
anim als-so i1-(veget at i on)-man. 
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Tills sort of pollution is of vital importance to public- health and 
is checked chiefly by sanitary control and preventive measureso 

In Africa^ man-made erosion is the gravest danger to which the soil 
is exposed, The ultimate goal of soil restoration and conservation is to put 
the complex biological processes of soil maintenance and soil formation back 
to work as they functioned before the declineo This is necessarily a long-
term tasko 

Plant Resources 
As stated in previous sections? the plant cover protects and partly 

creates the soil® The forests accumulate and distribute water0 Without 
vegetation a region cannot function in a productive way, In addition.,, the 
vegetation is the sole means of converting solar energy8 minerals and moisture 
into forms which sustain life0 If-, other words9 the vegetation determines, in 
relationship with sunlightg water and soil, the basic pattern of the environment, 

A considerable part of Eastern Africa receives less than 500 mm jf 
annual rainfall9 and the country consists of semi-arid and arid lands, These 
low-yielding rangelands are chiefly marginal and not suitable for either cul-
tivation or animal husbandry, but they have a very high protein productivity 
when utilised by the indigenous herbivores which have evolved in these arid 
habitats and to which they are ad»ir&bJy well adaptedo 

Unfortunately8 some of these rangelands are, through mismanagement,, 
deteriorating on an accelerating scale. Productive grazing lands turn to 
semi-desert or desert through o ver cu11 ivat ion 8 misuse of fire, overgrazing 
and overtrampling, This destruction of the protective savanna vegetation is 
followed, by loss of soil through erosion and the elimination of the normal 
water cycles. All these factors reinforce each other in a vicious circle which 
leads eventually to the collapse of an otherwise productive landscape. 

Also forests disappear rapidly0 For example, at present only less 
than 3 per cent of the land area of Kenya is covered by forests. The main econom 
value of --i'.e remaining indigenous forests in Eastern Africa is certainly their 
ecological, role as accumulators and regulators of water resources* as maintainors 
of environmental health, as retainers of watersheds and soil stability and as 
producers of protein resources in the form cf wild animals, Yet, these forest 
resources are being depleted very rapidly8 not only on almost all the hills 
and mountains but also in the lowlands. There are many recent examples of how 
rapidly the forests disappear1 on mountain slopes as a result of settlements 
of squatters and pastoralists8 which mean burning8 grazing, browsing and trsmplin 
forests to death. 
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In Kenya, over the period I 9 6 4 - I 9 7 O , an average of 6000 ha» has been 
converted annually to agricultural settlement as a result of official 
redesignation of forest reserves. The conversion rate is also high in areas 
outside gazetted forest reserve, but no precise information is available. Most 
areas being converted are climax communities in the form of high forest. 
This is bad economy. 

Wood cutting for domestic fuel is a serious problem in many areas, 
particularly in arid and semi-arid regions. The woodlands at the fringe 
of arid lands disappear very rapidly and give way to desert. Charcoal-
burning on an industrial scale and for export also contributes to a rapid 
disappearance of savanna woodlands. 

The plant uptake of toxic chemicals is an environmental danger 
associated with modern farming. Its occurance has to be monitored as long 
as toxic chemicals are used in agriculture and forests. 

Wild Animal Resources 

Wild animal resources are of great economic importance for protein 
and hide production and commercial tourism, besides being of pronounced 
cultural, educational and scientific value. Moreover, wild animals play an 
important role in all habitats by contributing in many ways to the well-
being of the landscape: to the maintenance and dispersal of vegetation and the 
control of both plant and animal populations. Conservation, management 
and wise utilisation of these animal resources are difficult problems, but 
it is even more difficult to reorientate people from their traditional 
land use and cultural habits. Therefore, conservation of wild animal 
resources in Africa must necessarily be concerned with people as well as 
with wildlife. 

The destruction of the natural vegetation of grasslands and forests 
referred to above is followed by the disappearance of wild animals, and 
this productive resource is being replaced over wide areas by less productive 
forms of land use whichj moreover, in contrast to the indigenous animals, 
clearly contribute to the deterioration of the landscape. 

Poaching is often considered to be the gravest danger to the African 
mammals, but cultivation has done far more damage to wild animals because it 
alters or destroys habitats, in other words it removes the basis of existence 
for most mammals. 

The wild animals have evolved on the grasslands and in the forests 
and are usually in balance with the vegetation, the climate, the water resources 
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and the soil® Therefore;, this complex of resources is often a much more 
productive unit on a sustained yield basis than lands utilised by livestock; 
particularly on marginal lands. 

Each area of grassland or forest has a carrying capacity beyond which 
it cannot be utilised by animals or man without causing damage, deterioration 
and decreased productivity® In undisturbed areas inhabited by natural 
populations, various mechanisms regulate the animal numbers in relation to 
the environment so that they remain within the habitat's carrying capacity. 
In areas altered by man and used by him or his domestic livestock, overexploitation 
often results, causing the habitat to deteriorate. 

When the carrying capacity of various rangelands is studied in the 
light of human failure to plan, use and manage them properly, one may question 
whether livestock has any place at all on arid rangelands. With few exceptions 
the available data and experience seem to indicate that in the long run cattle, 
goats and sheep are uneconomic in arid and semi-arid regions, inevitably 
producing such serious damage to vegetation and soil as to ruin the landscape® 
Where mid animal populations are still allowed to utilise comparable arid lands, 
animals and landscape both flourish, producing a sustained high yield. Even 
though figures on carrying capacities from various areas of Africa have to be 
taken as approximations, they definitely indicate that wild habitats used by 
wild mammals reach tremendous biomass values and remain within the carrying 
capacity of the land. Just the opposite situation prevails for most land utilised 
by domestic livestock. Despite the fact that the biomass of livestock is 
considerably.lower than that of wild mammals, the domestic animals appear in 
virtually every case to exceed the carrying capacity of the land. 

Therefore, whether it involves wildlife management or animal husbandry 
or both, it is essential to adjust animal populations to the carrying capacity 
of the habitat or the pasture. A high production of proteins and hides from 
wild mammals can be consistently maintained on lands which would deteriorate 
under other forms of use. Africa is exceptionally well stocked with a wide 
range of highly productive wild, herbivores, but this potential has so far 
not been rationally utilised. 

Although I have chiefly dealt with the role of wildlife as a protein 
resource, it proves to be of high economic value in other ways as well. 
Tourism and recreation are in Africa largely dependent on wild animals, 
which in this respect are utilised in the form of national parks and nature 
reserves. 
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Wildlife management includes restoring protecting, conserving and 
maintaining animal populations. All these stages require successful 
cooperation with the environment, a long-term, ecologically "based policy 
and synchronisation with other kinds of land use within and outside the 
area involved. No such management can ever be successful if it is not based 
on ecological research. 

THE PLANNING OF NATURAL RESOURCES USE 

The previous section has reviewed some of the conservation and resource 
use problems in Eastern Africa as a background to the present environmental 
situation. The rapid development and the rapidly increasing human population 
in Africa have during a relatively short time produced dramatic changes and 
new kinds of interactions with the environment. In fact, the relations 
between man and his environment are now changing so fast that productive resources 
are seriously endangered and this process will also hamper a well-balanced 
development. 

Can an accelerating development be achieved without environmental 
disruption? It certainly can, if the political will is firm to avoid 
unnecessary damage to renewable natural resources by maintaining environmental 
quality as an integral part of the development process. Such a development 
programme will be costly at the initial stage, but will pay off in the 
long run. 

Since all the renewable natural resources are interacting, solutions 
to environmental problems connected with these resources require an 
integrated approach. Likewise, land use planning and a land use policy must 
necessarily be based on the totality of renewable natural resources as a 
whole unit consisting of interrelated resources. In the past, planning, 
policies, management and utilisation of renewable natural resources have 
almost exclusively been organised along- sectoral lines because ecological 
considerations were mostly absent. 

An ecologically based, integrated management approach to the planning 
of renewable natural resources in Africa would exploit the potential of these 
associated resources and insure their maximum pro duct ivity on a sustained 
yield basis. 

Therefore, an important part of the development planning process 
should be a clear-cut national policy on water and land use, including the 
fullest integration of air, water, soil, wild vegetational and wild animal 
resources into the overall planning and utilisation of a nation's resources. 
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Such an integration must, of course, he based on the real economic and 
ecological values and potentials of these renewable natural resources in 
comparison with other resources (agriculture, animal husbandry, exploitation 
of mineral resources, etc.) and their effects on the environment. In addition, 
other land uses, such as human settlement, tourism, industrial development 
and so forth, must also be considered in this context. 

E!y talcing account of the numerous potentialities of a given area or 
region or ecosystem and of the various options for development and high 
productivity on a sustained yield basis in relation to the foreseen needs 
of the nation, such a policy would ensure a rational use of a country's 
natural resources, based on a multiple use concept and leading to the best 
economic results of land utilisation and the safeguard of the fertility 
and functioning of the ecosystem. 

Obviously such a policy must be based on an adequate knowledge of 
the potential of a nation's natural resources and their interrelated 
functioning® Such knowlege can only be obtained through geological and 
ecological surveys of the land leading to the compilation of land capability 
maps of each region. This material would be the basis for interdisciplinary 
planning of various forms of land use in each country or region. 

Since renewable natural resources are dynamic and changing, particularly 
when utilised by matt5 such ecological surveys covering the whole of a country 
have to be undertaken at regular intervals in order to provide governments 
with necessary background data for a continuous planning process. 

An ecosystem approach to the conservation, management and utilisation 
of natural resources requires basic data on all environmental factors 
affecting these resources such as physical, chemical and biotic forces. They 
all interact with one another. 

Land Use Surveys as a Part of Comprehensive Planning 

A thorough understanding of the interrelationship between ecosystems 
and different types of environmental utilisation is essential for planning. 

Before trying to review the tricky subject of land use effects on an 
ecosystem or vice versa I would like to stress the limitation of current know-
ledge. We still have a long way to go to overcome the fragmentation of our 
understanding of tropical ecosysterrs, whether natural or managed, and of all 
the organisms which are interacting in these ecosystems. This is not an 
easy task, because in our time man-made changes accelerate in almost every 
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climatic-biotic zone creating drastic alterations to renewable natural 
resources supporting lifec This situation complicates the study and 
management of ecosystems as well as any land use planning© However, there 
is no time to waste, so we must take action using the knowledge presently 
availableo 

The aim of conservation measures should be to maintain the high 
productivity of an area or to restore an area in order to regain its eco-
logical potential and diversity® It is also necessary to recognise and 
foresee the needs of future generations. 

Rastoration of areas which have been ruined by man can only be 
successful if the remedial action traces back step by step the ecological 
processes in the natural cycle which at earlier stages had been upset by 
man. In such restoration schemes technological options may be available to 
effect a cure in cooperation with the environment. 

Policy, research, conservation and management are essential for the 
wise utilisation of renewable natural resources. All these components are 
dependent upon each othero Research data must be available prior to policy 
formulation. When the land use objectives of an area ear a region have been 
determined, monitoring and research must go on in various fields as a basis 
for management. But management may also set priorities for research. Finally, 
both research and management may induce policy revisions. 

Ecological land surveys are fundamental to planning development and 
optimal utilisation of renewable natural resources. They are also important 
tools for land use knowledge and should be compulsory in the national interests 
before any development plan is decided upon. This is especially true for 
already productive regions where it must be certain that habitat manipulation 
does not lead to undesirable effects due to lack of understanding of climate-
water-soil-plant—animal relationships. 

Ecological land and water surveys necessarily involve team work. 
A specialist group, ideally, should include a climatologist,a geomorphologist, 
a geographer, an aerial photographer, a pedologist, a hydrologist, a limnolo— 
gist, a plant ecologist and an animal ecologist. It is useful also for such 
integrated surveys to have sociologists and anthropologists (ethnologists) 
on the team, because loc?"1- peoples® habits and knowledge of the environment 
are based on generations ox expeiaeuce and are often very accurate. Inter-
disciplinary land surveys have been made with important results in a number 
of countries. The value of such integrated surveys has been particularly well 
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demonstrated in Australia and New Guinea, where the Commonwealth Scientific 
and Industrial Research ̂ Organisation (C.S.I.R.O.) has developed techniques 
for this sort of extensive regional survey* 

To be significant, land use surveys have to be concerned with whole 
ecosystems. Extensive ecological land surveys are particularly valuable for 
those concerned with plant and animal population management. Surveys of 
single factors, soil or vegetation alone, are certainly useful, but the results 
are of limited value and can be highly misleading as a basis for management 
decisions at ecosystem level. It is, for instance, dangerous to base 
recommendations for future land use on the vegetation that happened to be on 
a rangeland when the survey was made. In fact, surveys of single components 
of the environment are not truly ecological in character. Ecological surveys 
must involve the entire environment or, at least, all renewable resources -
air, water, soil, vegetation and animals. Man is included in the last category. 

Of elementary importance, both for determining policy and drawing 
up plans for long-term research, is to know the past history of the area con-
cerned and to what extent it has been influenced by human impact. Each 
land or water system is the product of a long history of landscape formation. 
Without facts about the historic background of a present ecological setting, 
there is a risk of making serious mistakes in both research and management, 
as well as in establishing a policy, because factors determining the prevailing 
situation are not understood. 

The basic question behind each land use survey is the ecological 
potential of the region concerned. It can be expressed in many ways. 
For management purposes, whatever the final goal of a land development plan, 
the biological productivity of a given area, as a part of the energy 
flowing through the ecosystem, gives a firm basis of practical information. 
Amongst many data emerging from ecological land surveys is the carrying capacity 
of an area. It gives a measure of the number of individuals of any domestic 
or natural plant or animal species which the area concerned can support. -
However, it must be borne in mind that the carrying capacity is not fixed. 
It varies in many ways in interaction with several environmental factors and 
is of course greatly influenced by human action. 

The information expected from any land use survey, besides the 
ecological potential of an area, would include also the ecological feaibility 
of planned land use. When this is determined, other questions such as the 
social feasibility or economic viability of a project can be answered. 
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The place of nature conservation in land use planning is obvious. 
One of the most important conclusions of a landmark conservation conference 
on "Conservation of Nature and Natural Resources in Modern African States" 
(Arusha, 1961) was that a study of habitats emphasises the basic 
principle that, no matter to what use land is put, its maintenance is depend-
ent upon as close as possible continuous plant cover, since that cover is 
the obvious and simplest mechanism for taking in Africa's chief energy 
resource - sunlight. In fact, the maintenance of a permanent vegetal cover 
in order to absorb as much light as possible must form the basis for land 
use development. 

A useful and desirable end product of a land use survey is a land 
capability map. Such a map is based not only on physical factors of the 
environment (topography, geology, plimate, water regime, soils, vegetation, 
fauna, human population density) but also on social factors and other features 
of human activities including land, use history. Obviously aerial photographs 
are particularly useful as a basis for land capability maps. In fact, the 
cost of modern land surveys can be considerably reduced by interpreting 
from aerial photographs. All interpretation of data from a land use 
survey with or without aerial photographs can only be made through integrated 
interdisciplinary methods, even in cases where the objective is to survey 
a single factor of the environment. 

At the present time with increasing human populations and 
decreasing natural resources, the need for ecological land surveys is 
particularly strong. Man is no longer in the position to exploit the 
environment by working against it. He must cooperate with the environment 
in order to survive. Only ecological land use surveys at ecosystem level 
will enable man to understand how to use the environment to his benefit and 
the benefit of the environment. 

National parks and equivalent reserves are essential components in 
any system of land use surveys and land use planning, not only because they 
constitute a wise land use in the form of ̂ ecraationg education and research, but 
also as sample areas for comparison with regions which have been modified by 
man. 

The important role of national parks and equivalent reserves in the 
fields of international conservation, research, education and recreation as 
well as national economy and development is becoming increasingly recognised 
in many countries on all continents and by international organisations which 
are not directly involved in conservation activities. So far, however, 
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of reading material add to the confused state of education,. The 
politician has committed himself to the rapid expansion of education to 
satisfy the intense popular demand without considering what kind of 
person this education should produce,, Unsuitable curricula have produced 
unemployables who flock to the urban centres and are proving a nightmare 
to the politician,, The prevailing educational system has become 
institutionalised, conservative and alienated from society's real 
problems® There are huge drop-out rates from most of the educational 
systems while some mythical educational standards are supposed to be 
maintained,, The multi-lingual nature of many societies and non-existence 
of scripts in some languages have proved a serious constraint. 
Institutions of higher learning established 011 the advice of expatriates 
display an unbelievable conventionality of design and inspiration and remain 
alien institutions aping European and American models. Even African 
academics brought up under colonial systems continue with what was imparted 
to them under colonialism. The present dearth of scientists and 
technologists is directly attributable to the present educational system,. 
Higher education in Africa can only get better orientation after national 
goals and objectives have been so defined as to enable the universities to 
be responsive to changes in the African situation and to the priorities which 
will best serve the African environment? and the infusion of indigenous pride 
and the greater awareness of the African tradition are prerequisites if 
Africans are to convert universities copied from the European and American 
traditions into true universities of Africa,, 

THE URBM-RURAL EUVIROMEHT 

The urban population of Africa is estimated to be groining at the 
rate of 8 per cent per annum and cities are doubling their population 
every 10 to 15 years. Total urban population it is estimated will have 
increased from 58 million in 1972 to 294 million by the year 2000. These 
continent—wide increases are caused mainly by migration of people from the 
countryside® 

Larger cities grow faster, peri-urban slums are created? urban 
expansion imposes inescapable costs for public services and a general at-
mosphere of instability and alienation sets in® This ̂ .migration has been 
attributed in part to economic, social and psychological motivations® I 
attribute the migration largely to the inappropriate educational systems 
already described above® Whatever is the cause, it has led to serious 
shortage of housing in the cities9 -unemployment, proliferation of peri-
urban slums, crime and delinquency with which the city planners are totally 
unable to cope. Services in the cities are stretched beyond their 
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elastic limito Water supplies and sewerage facilities are found inadequate 
and rooms which were "built for two people contain as many as ten or more 
peopleo 

The acute as well as chronic aspects of social problems that result 
from rapid urbanisation are most discernible in the adjustment of migrants 
to urban livingo The in-migrant from a relatively homogeneous origin is 
confronted with a bewildering and almost incomprehensible vastness and 
heterogeneityo Ee must adapt to new and unfamiliar ways of making a 
livingo He is in a different setting often involving new kinds of 
housings sanitation;, traffic congestion8 etc0 He ends up by displaying 
personal disorganisation as the subjective aspect of social disorganisation., 

Men ar© often more numerous than women with the resultant social 
disorganisation evident in most African cities0 'Tribal heterogeneity 
leads to serious stress during the process of readjustment® 

The issues of rural exodus9 unemployment and the proliferation of 
peri-urban slums are closely interrelated;. They are all a product of the 
dualistic nature of African societies which are characterised by the 
depressed rural environments having islands of apparent opulence in' the 
form of citieso Measures aimed afc reducing the rural exodus have ranged 
from establishment of work camps, for the unemployed;, formation of collective 
farms and cooperatives8 the creation of National Youth Service. Corps8 
expansion of health9 education^ recreation and transportation facilities9 
establishment of rural industrial development projects8 formation of 
Ujamaa villages8 etc0 

In the towns9 National Housing Corporations have been formed8 site-
and-service schemes introduced to enable in-migrants to build houses of 
reasonable standards8 but most of these only nibble at the problem0 

It has been stated thax since the urbanisation of man is a reality, 
the counter city should be of sufficient size with industries and amenities to 
ctC"fc 3/S 3/ counter balanceo These regional poles of growth - such as. those being 
planned for nine towns in Tanzania - would take the 10 strain off the primate 
cities and dam up some of the a&grstory "flood moving towards theffio 

It must be realised;, however8 that environmental problems of the 
rural and urban areas are inter-relatedo It is the improvement of 
services in the rural areas9 the provision of other poles of growth and 
the re-orientation of the educational system that might help to reduce the 
pressure on the beleaguered citiese Bach city and each country has its 
own set of peculiar problems whose solutions will have to be worked out 
locally0 
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ENERGY IN THE AFRICAN ENVIRONMENT 

The African continent is endowed with vast energy resources which 
have hardly heen tapped® Her mighty rivers have falls which are ideally 
suited for the production of electricity® Vast reserves of'hydro—carbons 
including oil bearing beds in northern, western and north-eastern Africa, 
including the shales of Central Africa, have still to be fully exploited® 
Large parts of the continent have abundant sunshine: and are ideally placed 
to tap solar- energy® Geothermal energy associated with the great 
rift valley in the eastern seaboard are just beginning to be investigated® 
Forests produce fuel wood which supplies local inhabitants with the energy 
they require for their daily use® 

Industrialisation which is the one sure means for Africa to accelerate 
her economic and social development for the impoverished masses will only 
be possible by the use of her energy resources® 

Electric energy was produced in Africa mainly from thermal engines 
to supply urban centres and the few industrial installations, but during the 
fifties and sixties a number of hydro-electric schemes were introduced, so 
that by 1964 hydro-electric power accounted for more than 60 per cent of the 
total production in the continent and production of electricity rose from 
58,073 kWh in 1965 to 79,962 kWh in 1969® During the same period, average 
consumption of electric energy per inhabitant increased from 182 kWh to 227 
kWh, a growth rate of 4®7 per cent per year® 

Problems experienced include distribution of electricity over long 
distances, differences in voltage levels from country to country and the 
uneconomic nature of supplying electricity to widely scattered populations® 
With respectr- to the last item it is contended that governments should 
provide electricity as a social service from which no profit is to be 
expected because this would contribute to general increase in economic 
activity and social development from which each country would benefit® 
And the energy crisis facing Africa is the depletion of her wood resources 
on which over 90 Per cent of the population depend® 

TRANSPORT AND (XflBKTWICja'IQgS 

The present environmental problems connected with transport and 
communications between Africans in an individual country and between 
African countries can be attributed to the partition of Africa among 
European countries during the nineteenth centuryo These powers saw to it 
that transport and communication were to facilitate administration 
of the territories and the transfer of raw materials from Africa to the 
processing industries of Europe® Roads and railways in any one country 
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were only disconnected extensions from sea ports to the hinterland which 
formed disconnected systems of the north-south transport and communication 
channels. Telecommunications and postal services followed the same 
pattern so that after independence, African countries found that not only 
were their nationals unable to communicate with each other within their 
borders5 but also that it was impossible to communicate with their 
neighbours on a transcontinental basis without passing through Paris, 
Brussels or London*, This communication gap still existso 

This situation could neither satisfy the internal development needs 
of the newly independent countries nor allow for national economic and 
political cooperation between themo They therefore established 
priorities: first to develop internal traffic routes into national net-
works capable of contributing to the opening up of the hinterland, and 
second to connect the national netxtfork with the transport and communi-
cations systems of neighbouring countries. The governments realise that railways, 
roads, waterways, airways and telecommunications are complementary 
systems making up the total communication system irrespective of overlap 
or competition since they all enhance the environment by ensxiring maximum 
flow of people, goods and ideas. 

With respect to telecommunications, the facilities available are a 
legacy of the past both with respect to international routes served and the 
equipment used. The total number of telephones in Africa in January 1970 
was 3ol4 million, constituting 102 per cent of the xrorld total of 255°2 
million. In a number of countries, inland trunk networks are poorly 
developed and little effort is made to coordinate the use of telecommunication 
channels. There is an increasing demand for telex, leased circuits and 
other services, but traffic groxrth is cramped due to high costs, limitation 
on hours of transmission and insufficiency of circuits. 

With respect to intra-African telecommxinication links, ITU sta-
tistics for 42 African coxzntries show that in January 1968, almost half 
of intra-African telecommunications passed through Europe (380 out of 832) -

and it was easier to get a telephone line to Europe than to one's own 
neighbouring country. 

The railways have shown a similar colonial pattern of serving the 
hinterland route to the coastal town. Different gauges have made inter-coxintry 

\ connections difficult. Coat of construction and maintenance have made 
their operations expensive. The roads have proved an even greater 
environmental obstacle than the railways. Host are unpaved and are dusty 
in the dry season and become impassable quagmires during the rains. 
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National airlines have heen established mainly for prestige purposes and 
have not been operating economicallyo 

Nevertheless, steps are being taken to rectify some of the above 
environmental drawbacks® Moves are afoot to establish an African tele-
communications network? a grouping of services for the various airlines 
has been proposed? the trans-African highway., the trans-West African highway 
and the trans-Saharan highway are now likely to become a reality in the 
near future® It is hoped that these developments will enable Africa 
to communicate with herself more efficiently and in turn communicate 
with the rest of the world® The establishment of earth-satellite stations 
in various parts of Africa is a step in the right direction in this regard. 

MINERALS AND INDUSTRIALISATION IN THE AFRICAN ENVIRONMENT 

Africa is the major world producer of manganese (28 per cent), 
cobalt (7© per cent), industrial diamonds (98 per cent), gem diamonds 
(93 per cjnt), platinum (40 per cent), gold (70 per cent), tantalum 
(80 per cent), geranium (70 per cent), lithium (70 per cent) and radium 
(100 per cent)® It contains 90 per cent of the world0s reserves of 
chramite and is also a major producer of strategic metals like beryllium, 
uranium., caesium, corundium and graphite® 

Africa's iron ore potential is estimated at 33,000 million long 
tons - twice as great as that of the United States® It has coal reserves 
to last over 300 years and large quantities of copper0 The United States, 
for instance, imports large quantities of Africa"s magnesium and 31 per cent 
of manganese used in the U®S® comes from Gabon® Africa provides Britain with 
90 per cent of her antimony requirements, 82 per cent of cobalt, 80 per cent 
of manganese, 66 per cent of asbestos and 50 per cent of chrome ore® Japan 
depends on Africa for many minerals utilised in her industries® 

The environmental challenge here revolves around the question as to 
what benefits Africa is receiving from her minerals in the international 
market and what contribution are proceeds from minerals making towards the 
improvement of life among Africa0s impoverished masseso 

It is known that Africa continues to sell raw materials cheaply from 
which the industrialised countries manufacture products which they then 
sell at high prices to the poor African countries® And, moreover, since 
African countries do not own the minerals they produce, it is the 
subsidiary foreign companies which sell the minerals to their parent 
companies and which determine the prices of the unprocessed products® 
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This meansg in the final analysis8 that there is a considerable 
net outflow of wealth from the poor African countries to the affluent-
industrialised worldo Between 1951 a-̂ d 1965s for example*, the rich 
western, nations injected US$169000 million into Africa and Asia in terms of 
investment and aido During the same period^ US$26aQOQ million were sucked 
out in the form of profitsa interest on loans and lean repayments from 
the same African and Asian countries and returned to the western countries, 
thereby creating a net outflow of US$103000 millioiio 

In Zambia8 US$260 million of profits were taken cut by foreign 
companies between 1953 and I963o Prom Zairea foreign firms exported raw-
materials valued at US$2,77 billion between 1945 and 1955° 

The industrialised world is so dependent on continuous flow of 
Africans minerals that they have not encouraged African countries to develop 
any mineral-based industries since this would reduce or even halt the 
flow of their lifebloodo At the same time8 a warning note has been sounded 
that there will come a time when these resources are " 0 exhausted and 
Africa will find herself with no resources left if she decides to follow 
the known patterns of industrial development. But due to her temporary 
deficiency in expertise and capital^ she has to put up with high profits 
taken out and with intolerant and high-handed behaviour by expatriate 
minorities brought in to run the minesa often engendering frustration and 
jealousy among the local population. 

The African governments are one day bound to express dissatisfaction 
with this industrialised power-*host state relationship and demand 
readjustments despite pressures that may be exerted upon them by the 
industrialised world. For it is clear that Africa3s constitutional 
sovereignty over her natural resources at present amounts to sovereign 
impotence because of lack of capital, the political pressure to which the 
exploitation of her minerals gives rise*, and above all, the fixing of raw 
mineral prices in the world market by governments of other countries 
and by the pernicious interests of the multinational corporation monopolists, 

Africa knows that she has almost everything needed for development 
and that she will ultimately deveiop without8 or in spite of8 outside 
assistance and involvement; and the notion will have to be accepted that 
Africa's minerals do not belong to those that find and extract them as at 
present8 and that mining companies are members of a service industry 
extracting and processing minerals that are the property of the people 
of the country in which they are founds Formulae must be found to do away 
with tangled webs of royalties8 export duties9 depletion allowances and 
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special rates of depreciation® At the same time, decisive moves must be 
made to process Africa's minerals in Africa so that the mining industry can 
provide jobs for- the millions of unemployed Africans, lead to the improve-
ment of infrastructure both in the rural and the urban environment and produce 
the necessary revenues which would improve Africa's balance of payments and 
bring the continent out of the vortex of poverty which makes her rely on 
fictitious foreign aid and borrowing from which she appears doomed to be 
environmentally enslaved® This is a serious challenge® 

Industrialisation in the African Environment 
Efforts at industrialisation in African countries are beset by 

many intractable problems0 Imports of goods and services, mainly the 
expensive machines and skills needed to increase productivity are as high 
as they are in the developed countries® Markets at home remain limited 
by local poverty or by the extreme smallness of African states® Further-
more, industrialisation based upon the local manufacture of formerly 
imported goods is relatively inefficient and relies overly on inappropriate, 
capital-intensive technology® 

All these result in low use of capacity or in capacity far in excess 
of any foreseeable market® In other cases where capacity has been based on 
future market growth, interim output levels have been below capacity® 
Furthermore, inadequate quality control has often rendered the local product 
unsatisfactory for certain key uses® Higher prices for locally 
manufactured goods have been a hindrance in competition, while irrational 
pricing aimed at covering full costs at very low output levels results in 
pricing the local goods out of the market, encouraging imports and holding 
local capacity idle® 

Stress laid on intermediate technology for industrialisation has had 
the effect of making Africa use only the second or third best instead of 
aiming at the latest technological innovations, and making her perpetually 
lag behind® Added to this, shortage of trained manpower - especially in 
the technical fields - is a serious bottleneck in Africa's efforts to 
industrialise rapidlyo This has also led African countries to invite 
multinational corporations to establish industries and bring in their 
technological know-how to run these local industries® 

The benefits which the host African countries derive from these 
set-ups are questionable since the foreign corporation insists on easy 
tax terms, transfer of profits, monopoly against other imported goods 
and capital intensive methods which do not have any effect on the serious 
unemployment problems facing African countries® 
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This leaves one with, the impression that the degradation of human 
conditions in developing Africas which must follow upon too low a rate of 
economic growth and social transformation, is likely to deepen.in the 
seventies and grow to catastrophic proportions in the eighties. The 
conventional import substitution,, aimed at replacing imports of consumer 
goods with domestic production behind high protective barriers while the 
exchange rate is kept overvalued,, has raised difficult problems« The 
hoped-for transformation of African economies through import-substituting 
industries has not come about. An industrial structure has emerged which 
is dependent mostly on imported inputs, and domestically oriented for its 
market for which the spread effects are small. Thus inefficient industries 
have been established behind high protective barriers, producing 
inappropriate goods, employing capital-intensive techniques and operating 
on a sub-optimal scale, thus further raising unit costs. 

However, in Africa today some countries are choosing the socialist 
path to industrialisation, others the capitalist or private path, and all 
experiencing degrees of success or failures 

POLLUTION Iff THE AFRICAN ENVIRONMENT 

Pollution is the qualitative alteration of any medium for the worse 
so that long established equilibria between life systems which the medium 
sustains are either adversely affected or even irreparably damaged. 

Africa suffers from the following forms of pollution: 
Moral and mental pollution rooted in history; sand and dust pollution; 
air pollution by smoke from forest fires; bacterial pollution of the air, 
chemical pollution of air and water especially in industrial/mining 
complexes; and soil and water pollution by biological agents. 

Many examples can be cited in African countries to illustrate these. 

CONCLUSION 

The environmental challenge facing Africa can be summed up in 
three words : Pollution of povertyo 
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SCME. SOIL AND RELATED PROBLEMS AEFECOOTG IffijVELGEffiNI 

by 
Pater. Me Ahn, 

Professor of Soil Science9 University of Nairobi 

GENERAL CONSIDERATIONS. 

In^oductior. 
Soilsj and., the Environments In considering soils and soil problems, in 
relation to the development of the environment we are concerned not only 
with the soil itself but also with such closely related aspects, as. the 
climatej, the relief of the land and other factors*, Soil greatly influences 
agricultural possibilities., but^ where irrigation-water, cannot. be. supplied 
economically it is9 over much of tropical Africa^ water which is. probably 
a,more, important limiting factor than the soil itself® Thus; before; he 
can make, recommendations; the development planner needs, to* study climate, 
particularly rainfall amount s distribution and reliability9 as. well as; 
soils, and reliefs As is considered further in the section on soils in 
relation to the physical environment, the characteristics;; of the soil are 
themselves closely related to the local climateg relief, geology and 
vegetation, so that- in order to understand the nature, of soils and their 
distribution it is necessary to adopt an ecological viewpoint, relating 
soils to the landscape of which they form parte, Both in order to 
understand soil characteristics, therefore, and in order to plan rational 
development we have to look not-only at. the soil itself, but also to all 
related aspects, of the physical environments 

In this., short paper on soil factors^ affecting development it 
is. possible only to indicate veiy briefly some of the major aspects meriting 
attention9 but examples, of the more technical considerations., that- might 
arise are given in the appendices, which also contain seme suggestions.-
for further reading for those who wish to go more deeply into the topics-
touched on here <5 

Pun iKnowledgei of Soils;? Our knowledge of soils, is in its infancy, 
since soil science is still a relatively young subjects In a later 
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section on problems posed by lack of knowledge9 the extent to which 
lack of technical soil knowledge actually limits development is., 
discussedo In general we may distinguish between our general knowledge-
of soil science3 including our knowledge, of the ways in which the soil 
makes available both water and nutrients to the plant9 and our more 
specific knowledge of local areas.9 as shown by the availability of soil 
maps; and related ±nf.onaatim0 In addition to this body of scientific 
information - still pat&by and inadequate = jmjst-neither forge t. 
nor underestimate the value of the knowledge of soils -oftea acquired by 
the farmer0 Parmers9 both large-scale farmers and small-scale farmers 
using traditional methods.̂  acquire an .intimate local knowledge of soils, 
and the ways., of making practical use of them9 and visiting scientistss 
development planners and other 8 experts" ' should make every attempt to 
enlargê  their own knowledge and experience by drawing upon that, of the 
practical farmer© Even illiterate farmers often have an invaluable 
knowledge of local soil characteristics and an ability to recognise soil 
properties and capabilities0 Conversely we should be aware of how soils 
affect what- local farmers are doingc If equipped only with hand tools 
they often tend to prefer light9 easily worked soils even if these are 
inherently less, fertile then heavier-oness while some very heavy soils 
in Africa^ the black cracking clays9 are generally left uncultivated 
by the unmechanised local farmer not because they are infertile but 
because they are so hard when dry and so sticky when wet that he cannot 
cope with them with hand tools0 

Economic Considerations.Compared with Technical Onesg Agriculture is not 
the art - or science ~ of growing crops0 Agriculture s apart from purely 
subsistence agriculture,-, is. the art (or science) of growing crops:..for a 
profito We have always to distinguish between what it is technically 
possible to grow in any particular areay given the local soils and climate -
and current technical knowledges and 'what is economically profitable0 There 
may9 of course 9 be special situations where a government subsidises a -
crop or activity because it is willing to pay more than the normal price 
(e0g0 to reduce imports9 or just to keep farmers occupied and employed), 
but the fact remains, that a farmer has to be able to sell at a. price 
which is above his production costs. The study of the local soil and 
climate in relation to what crops can be technically produced is the 
first step. The second step is to try to calculate the ̂ economic 
viability of these cropse The agricultural economist-has to try to predict 
both future costs and future demand and selling price8 
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To some extent it is technically possible to grow anything 

anywhere, provided that you are: prepared to put in enough time and money 
to do soo Deserts can be irrigated, tropical crops can be grown in 
Europe in heated glasshouses and so on. Much more generally, and less 
spectacularly, commercial farmers can and do modify soil characteristics, 
and local climates in order to increase the amounts and ranges of the 
crops grown® Whenever fertiliser is applied, the chemical characteristics 
of soils are being modified® Thus it bee cases true that the more intensive 
the agriculture the less relatively important is the natural fertility of 
the soilo Thus we look at soil both in relation, to what it is now, and 
in relation to the extent to which it can be improved® The simple farmer 
using shifting cultivating techniques, relies on the natural fertility 
erf the soil though even he improves : this by burning dead vegetation 
and adding ash, and by other" methods0 

In general we should distinguish between those chemical 
characteristics, of the soil affecting productivity, and its physical 
characteristics® The chemical characteristics., are usually capable of 
modification, at least temporarily, relatively easily and cheaply, as. 
when a farmer puts, on fertilisers.® The physical characteristics of 
soils, that is their texture, structure and consistency, their depth, 
ease, of working, water holding capacity and so on - characteristics 
which also greatly affect productivity - are much less easily modified® 
To improve poor drainage, or to try to modify structure and handling 
characteristics, is much more difficult and expensive usually than 
just correcting a nutrient deficiency by adding chemicals® Thus, 
for intensive, commercial agriculture involving considerable inputs, 
we may be more concerned with the physical properties of the soil than 
with the chemical properties since we assume that the fertility status 
of the soil will be corrected as necessary by the appropriate use of 
fertilisers, though naturally the cost of doing this will have to be 
taken into considerations 

Some people appear to imagine that the task of soil scientists 
and soil surveyors, is to go out and to discover exceptionally productive, 
soils, just as it is the task of certain geologists to find oil® Soil 
scientists and surveyors however see the task somewhat differently? soils 
have different characteristics, and, depending on the current state of 
technical knowledge, different potentialities0 Scientifically the task 
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is to study those characteristics; and see what can be done with them« 
S cme soils are more versatile than others , but it is unscientific and 
sometimes misleading to think about "good® soils and 'poor1 soils, A 
soil that is excellent for coconuts would be useless for cocoa, for 
example « It is better to think of many different soils having many 
different combinations; of characteristics, and to find rational and 
profitable ways: of using each soil0 Just as in nature there is some 
vegetation associated.- with all soils except desert ones, so can 
almost all soils be used in some way if water is available* Never-
theless, it is still obviously appropriate where there; are large-
areas. of underdeveloped land to make a.rapid reconnaissance of the 
whole area and then to select for more intensive study smaller areas 
which appear more immediately promisingo 

The Nature of Tropical Soils. 

To what extent do soils of the tropics; differ from those of 
cooler regions!? Most of the intensive work on soils so far has; been 
on the soils of the temperate zones, particularly on those of North 
America and Europe0 To what, extent can the knowledge and experience 
of. tiiese soils be applied to other parts: of the world? These: are 
important fundamental questions, first because there are still many 

v 

misconceptions about the nature of tropical soils, and secondly 
because we are all aware of schemes, including some veiy large and 
costly ones, which have collapsed spectacularly0 These failures 
were caused, it appears, by insufficient knowledge of local soils-, 
and other factors, and because knowledge and techniques; appropriate to 
the temperate zones have been applied uncritically to tropical areas. 

Scil .students at the University of Nairobi are; warned ati 
the beginning of their studies that most of the standard soil text* 
books, have been written by and for people working in the temperate.. 
areas, of the world, and the information contained in them is not 
necessarily equally applicable to other areas, For example, in 
Europe and North America, the soils under natural grassland have a 
higher humus content than the soils under forest, and are. therefore 
usually more productive and fertile. In tropical Africa, the reverse 
is. true. The savanna, soils have, less.,humus, and are often less 
productive, thanthe forest soils0 
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Essentially, tropical soils differ from, temperate soils., because 

the environment is different, and soils reflect their environment® 
Yegetation is different, and climate is different,, The history of the 
landscape may also be different, for many temperate soils, are. developed 
in superficial deposits laid down during the last ice age, whereas, many 
African soils are developed on very old land surfaces and therefore 
have a longer histoiy of weathering and soil foimation0 But apart from 
these local variations due to geology and geomorphology, the broad zonal 
differences, between temperate and tropical soils are. those related to 
the influence of climate, and vegetations. In a. hot wet climate-weathering 
is>faster at. higher temperatures0 Weathering is thus most intense in 
hot, wet environments^ ^y weathering we mean not only the initial 
weathering and softening of the parent rock, but the subsequent weathering 
and development of the whole soil profile0 When this continues, long 
enough, all the weatherable minerals, in •fee soil profile are broken down, 
and a.highly weathered tropical, soil may then consist of little except 
resistant residues => clays, quartz, sand, and, usually9 iron and 
aluminium oxides0 These are the general characteristics, to varying 
extents?, of the tropical soils grouped under the general term "latosols? a 
Such soils may have veiy low reserves of fertility apart from that in 
the organic matter, since as., noted, all the minerals, (such as feldspars., 
micas, hornblends, etc©) which might weather to release plant nutrients 
have already weathered and the sand fraction might then consist of only 
highly resistant minerals., such as., quartwhich is. of no use to the 
planto The reserves of fertility of such highly weathered soils would 
then reside in the organic matter they contain,, Where humus levels are 
high they can. be veiy productive, as. when newly cleared from tropical 
forest, but when the humus has. been lost by long cultivation and/or by 
erosion the soil may became relatively infertile, iQe® low. in plant 
nutrientso However, as. stressed above, for intensive, commercial 
agriculture low fertility may be less., of a- problem than poor physical 
characteristicso The physical characteristics, of many Latosols are 
generally good in as much as they have stable structures, and, though 
clay in texture, a.good microstrueture giving them good porosity and 
handling qualities 0 Thus., though many highly weathered tropical 
latosols may not have much fertility apart from the reserves in the 
humus. they do have favourable physical qualities which would lend 
themselves, where the relief and erosion hazard is not a. difficulty, 
both to mechanised agriculture and to irrigation,, 
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harden irreversibly, i0e0 become induratedo The horizons- likely to 
harden are generally subsoils, and they might harden when they are 
exposed, as by topso.il removal due to erosion® Such cases, when they 
occur, are spectacular and the. soil then becomes quite unproductive® 
However, precisely because these cases are spectacular, and because they 
interest soil workers and textbook writers, from temperate zones in 
particular where such phenomena., are not usually found (except in fossil 
form), there has been an unfortunate tendency to exaggerate their impoî -
tanc@«> As. a result some people have got the impression that the soils 
of vast areas of the tropics are likely to harden irreversibly if care-
lessly cultivated and exposed® Such an impression is totally false® I 
doubt if even one per cent of the soils of the tropics are going to harden 
in this way, however misused.. Many of the examples, of ironpan and indurated 
horizons in soils, which in some areas, limit soil depth, appear to have 
hardened some time agc0 Cases.of mottled hardening now are less common 
and extensive® As a phenomenon affecting agriculture therefore, current 
lateritisation is quite unimportant in vezy large areas, of the tropics, 
even though fossil ironpan may be a limiting factor locally in some 
areaso The extent of actual or potential lateritisation constitutes 
one of the popular fallacies about tropical soils0 

Desertnfleatianj The drying out of seme areas of the tropics appears, 
to be a consequence of climatic change and of rainfall becoming less, 
often associated, with, and aggravated by, the clearing of natural 
vegetation so that_less of the rain received gets into the soil and more 
is, lost as run-off0 When the natural vegetation is removed, water moves 
more quickly over the surface of the ground and less, seeps., into the soil® 
Increased run-off means less water entering the soil and becoming available 
to vegetation or crops, increased danger of soil erosion, and of flash 
floods as, rivers quickly rise® 

Some areas., appear- to be getting progressively less rain® The 
Sahara.Desert appears, to be expanding southwards, for example® In other 
cases., less,, rain locally appears to be associated with the clearing of 
forest vegetation so that less., water is.: transpired back into the atmosphere® 
If forest is cleared in areas bordering savanna where, annual burning is the 
rule, the annual burning of the newly cleared once=forest areas, prevents 
the re=esta.blishment of forest once the farm patches are. abandoned and 
allowed to return to natural regrowth vegetation0 In this way they change 
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from forest to savanna*, Most African savannas, are. the result of the fact 
that-the dry grass vegetation has. been burnt off every year by man, probably 
over- long periods© Burning of once forest areas... prevents forest coming 
back in, even where the rainfall might be adequate in amount and distri-
bution, and in this way the savanna. spreads at the expense of the forest,, 
Both desertification and the encroachment of savanna on the forest are 
factors locally important In Africa, in modifying soils and agricultural 
possibilities^ 

S oiIg.in Relation to, nthe physical Environment 

Historically we may recall that early workers on soils, such as 
those in England where, there is not a. great range of climate but where 
the geology is very varied, were particularly impressed by the fact that 
soils changed markedly according to the parent rock or parent materials 
A soil over sandstone, for example, is., very different from one developed 
over mud-stone or over limestone, and a.soil over granite is very different 
from one developed over a.basic igneous rock such as. basalto Today, even 
most laymen at all interested in soils are aware of, and have little 
difficulty in -understanding, that soils, vary considerably according to 
the local parent rock or other parent material (such as river alluvium)0 

The soil scientists, however, see., that many other factors 
affect the ways soils develop and their characteristics0 These factors; 
they term 's.oil forming factors® and we may think of a.soil forming 
factor as,any factor or set of factors responsible for causing differences 
between soils.,, If two soils differ, it is because at,least one soil forming 
factor is different; conversely, two similar soils would be considered to 
have developed under similar conditions, i0e9 under the influence of 
similar soil forming factors9 These factors are mainly factors, of the 
physical environment,, In addition to (1) the parent rock or material, 
there are (2) the climate, (3) the local vegetation and soil fauna, 
(4) the local relief and (5) age, i0e0 the length of time these environs-
mental factors have been operating, since a pedologically young soil 
differs, from an old or senile soil, so that time causes differences., 
between soils even where the remaining soil forming factors, are similare 
In addition, in the case of all soils except virgin ones, a. sixth soil 
forming factor has modified soils - man0 Man changes, a soil by burning 
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or clearing vegetation, and by grazing, cultivating and so on. 

The effect of the influence of' these soil forming factors is 
that soils are part of the natural environment and closely related to it. 
The pedologist would not expect to find the same soil under forest as 
under savanna, nor would he expect to find the same soil in a. dry area 
as in a.wetter one0 These considerations explain why, in the example of 
Kenya referred to above, there is such a ^reat variety of soils related to 
the variety in climate? relief and vegetation as well SB geology. In order 
to understand the characteristics and distribution of soils we have 
therefore to adopt an ecological approach which seeks to study and under-
stand soils in relation to their enviranmento We have already noted 
above that tropical soils differ frcsa temperate zone soils because the 
environment, particularly the climate and vegetation, are different,. 

Soils in Relation to Agricultural Possibilities and to General 
Development Planning 

We have to consider the very complex question of the extent of 
our present knowledge of soils and soil characteristics in relation to 
our knowledge of the needs of plants and crops, and the degree to which 
that knowledge of soils can or cannot help us in rational development 
planning,, 

Availability of Technical Soils Information; We may distinguish between 
our general knowledge of soils, including soil physics, soil chemistry, 
soil genesis and classification and soil microbiology, and our specific 
knowledge of soils of any particular country or area under consideration. 
Under general aspects one might include, to take examples in the field 
of soil chemistry and fertility, our general knowledge of the soil factors 
affecting the supply to the plant of nutrient elements. These general 
aspects would include, for example, study of the nitrogen cycle and 
factors governing the rate at which soil organic matter mineralises to 
release nitrogen and other elementsj they would include studies on soil 
potassium and factors affecting its release from slowly available foims 
in the soil and its supply to the plant?; they would include studies on soil 
factors affecting the supply of phosphorus to the plant and soil factors 
which affect the extent to which phosphate added as fertiliser is available 
to the crop of lost through being fixed by the soil as available forms. 
These general studies would point out general relationships which, 
though based on the study of soils in specific areas, are thought to be 
widely applicable,, Excess magnesium in the soil, for example, inhibits 
the plant uptake of potassium, and vice versa,. We believe that these 
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general relationships hold good to a considerable extent for soils wherever 
they are9 and our knowledge of these general factors and relationships, has 
expanded very greatly over the last 25 years and is probably now expanding 
faster than ever before0 

Compared and contrasted with this general knowledge is our 
knowledge, or lack of knowledge, of specific areas0 In much of Africa, 
for example, there are still no detailed soil maps:o Systematic soil 
mapping was started by several African countries.after the Second World 
War but in most of! Africa, only general, small-scale maps., are available 
with little more than ad hoc detailed work on specific areas which may 
have been investigated more thoroughly in relation to specific problems 
or projects® 

A, further difficulty is that methods of work aid systems of soil 
classification in different countries are not always the same® It may not 
be easy to correlate, for example, soils described, mapped and classified 
in English-speaking areas with| those of French- or Portuguese-speaking areas 
which have adopted different systems of classification0 However, attempts 
have been made by the S0P0I® and by EoA®0o to compare and synthesise 
general soil information and to produce, though only en a small scale, 
general soils maps for Africa0 

Aasybody interested in planning the agriculture of a specific area 
in Africa has really to do two things as regards soils? he has., to obtain 
some knowledge of local soils, their characteristics and distribution, and 
he has.: to try to relate- this local knowledge to the relevant aspects of. 
the body of general soil knowledge available0 He might for example locate 
acid peat soils in an areas he would then relate, this to general information 
acquired elsewhere about the properties., of acid peat soils and their 
reclamation® He would, note, inter alia, that such soils are often short of 
at trace element, copper, so that he would be alerted to the likelihood of 
copper deficiencies occurring® 

There are an almost infinite number of different soils (or soil 
series) in the world, but the pedologisfs answer to this variety is; the 
process, known as soil correlation® Soil correlation seeks to compare 
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soils so as to group those which are for practical purposes similars, or 
similar in some relevant aspects0 In this-way knowledge acquired about 
a soil In one area can be usefully applied to a. similar soil elsewhere,, 
Without good soil correlations soil science could hardly make much 
practical contribution to agriculture,, Here in Kenya, for example., there 
are- in the Nairobi area two very distinct and contrasting "types of soil0 
There is- the widespread red so.il9 the so-called Kikuyu friable claye This 
is an excellent soil, one of the best soils in many ways that I have ever 
seen0 It is deep, friable, easily worked9 well drained, has a high moisture 
storage capacity and, if well, supplied with organic matter, is generally 
fertileo It is a Latosol developed over intermediate and basic volcanic 
rocks and if we wanted to find out more about such a soil we would, in 
addition to examining the soil itself and its associated agriculture9 obtain 
information about work on comparable volcanic soils in other parts of the 
worldo 

The second type of soil found in the Nairobi area is., a complete 
contrast to the red soil0 It is a black, heavy cracking clay, poorly 
drained aid impermeable when wet, and very difficult to work and cultivate 
because it is extremely sticky when wet but very hard when drye The marked 
differences, in physical characteristics between these two soils are related 
to the fact that the clay mineral in the red soil is mostly kaolin, a 
non-expanding clay which is... generally associated with good physical 
properties., (particularly when, as in this case, it is bound into 
stable micro-aggregates by iron and aluminium oxides)whereas; the 
clay minerals in the black soil include montmorilloiiite0 Mcntmorillonite 
expands when wet and shrinks when dry, and soils containing, this, clay 
mineral crack severely on drying and have other unfavourable physical 
properties which make them difficult to cultivates, The black, cracking 
clays of the Nairobi area are however not an isolated phenomenon peculiar 
to that area0 They are examples of a widespread group of soils known 
variously as Tropical Black Earths,, Tropical Black Clays., Vertisols 
and other terms, which are found scattered throughout many parts of the 
tropicso Similar soils occur, for example, in West Africa, (in Ghana 
and near lake Chad), in South Africa, in the West Indies, in parts of 
South America and in India9 where they are known as. "Black Cotton Soils8, 
since cotton is one of the crops grown on them there0 In other areas 
they have been successfully cultivated for sugar—cane and rice, often 
with irrigation, and often with special measures to improve, their 
naturally slow drainages Thus, the point being emphasised here is that 
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anybody concerned with using and developing these soils in the Nairobi 
area should not work in .isolation but should take care to examine the 
soils with a view to comparing them carefully with similar soils- else-
where0 In that way he might find that he can adopt or adapt cultural 
techniquess and even crop varieties, that have been successfully used 
in other parts of the world where the soils are camparable0 

A, mention of the topic of soil correlation leads naturally to 
the question of the classification of soils and the value, to the planner, 
of soil classificaticn0 

Soil Classificationand. its Relevance to Development Planning; W>y classify 
soils? If we know why we want to classify, then we are better able to 
select the 1ype of classification appropriate to our needs0 

There are many types of soil classification, some veiy general 
and seemingly relatively academic, others immediately practical The 
general classifications adopted and often discussed at length by 
pedologists are classifications which try to relate the characteristics 
of a;soil profile to the way the soil was formed, i0eG to soil genesis, 
and to soil grasps which are thought to have similar .characteristics 
because they were formed in a comparable way0 Such general systems 
usually attempt to encompass all the world's soils, or all our present 
knowledge of them, and to classify them in such a way that any soil 
can be fitted into its appropriate Order, Family, Group, Sub-Group and 
so onc Such a general classification might be compared with the botanical 
classification of plants or the zoological classification of animals, in 
which every giant and animal can be fitted into its genus and species 0 
Soils can never be classified in the same way as plants or animals-
because they vary in so many aspects and grade into each other often 
gradually so that some divisions have to be fairly arbitrary, but 
nevertheless such, classifications have enabled soil scientists to correlate 
soils cn a world scale and to focus, attention on specific soil properties 
thought relevant to the classification and to the genesis of the soils0 
Such a general classification, by its very nature, does not seek directly 
or primarily to emphasise agricultural characteristics or value, though 
it may give such information on thesea As a result there is also a need 
for other classifications, often less complex because they emphasise 
relatively few and more practical aspects, and often are specially adapted. 
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to local needs and conditions,, These practical, often local, classifi-
cations are in some cases more useful in relation to specific projects, 
than the general classifications. 

In classifying soils for a specific scheme or project the local 
climate and soil conditions often suggest a specific range of crops, and 
of soil criteria particularly relevant to assessing the value of soils 
for the crops in mind* If drainage is important, a map classifying soils 
according to drainage may be usefulo If soil depth is limiting, a map 
showing soils, grouped according to effective depth may be neededo In 
other cases soils may be usefully grouped and mapped according to texture, 
or to organic matter content, or to reaction (pH)>8 Por irrigation purposes, 
the salt content of the soils may be particularly important,. In the Gezira; 
scheme in the Sudan, for example, a soil map showing salt content was found 
particularly useful in selecting soils for irrigation,, These are specific 
examples of soil classification, albeit very simple ones, which can success-
fully help evaluate soils and help in selecting soils most suited to a. 
particular use0 There sire also other more general simple practical 
schemes which have been widely usede One is the U0S0 land capability 
classification (See Appendix 10) which groups land into broad classes 
according to the degree of limitations; it emphasises mainiy relief and 
gradient and hence erosion hazard, and is concerned primarily with classi-
fying land for mechanised annual cultivation0 Where other forms of land use 
are envisaged, such as the planting of perennial tree crops, it is less 
important to have nearly flat land and other criteria might be emphasised 
insteado 

A comparable system of classification geared specifically to 
the value of land for irrigation purposes has. been used by the TJ„S„ . 
Bureau of Land Classification,, This classification is designed to be 
modified and adapted to local conditions, but generally divides land 
into six classes,, Classes 1. to 4 are for soils suited to irrigation 
agriculture (class 1: land having the least limitations- and class 4 
land the most)j class 5 is land not at present suitable for irrigation 
though capable of becoming so under some circumstances or if improved § 
class 6 land is not considered to be irrigablse 

The criteria specially emphasised when land is considered for 
irrigation are (a) the soil texture, since very heavy, poorly drained 
soils and very sandy soils are both unsuitable, the first because water 
moves too slowly through them and the second because they store very 



- 50 . - IDS/OP 15 

little water and might be excessively permeable? (b) the gradient of 
the land, which is important for furrow irrigation but less so for 
sprinkler irrigation? and (c) the presence, as mentioned above, of 
high levels of salts in the soil which might increase and become harm-
ful during use® 

useful in assessing the viability or otherwise of an irrigation scheme, 
but normally the user would want to know more than merely the class of 
the land, he would also want to know the specific properties which caused 
the land to be put into that class0 Thus, normally what is needed is 
first a general soil map showing the extent and distribution of the 
different soils, accompanied by a report describing their physical and 
chemical properties, and secondly a map or set of maps (sometimes 
prepared as a series of overlays) showing specific properties or 
classifying land for a specific purpose® The second is derived from 
the first, but is no substitute for the basic map and associated 
informations 

varied to allow for more than "very cursory mention in a paper of this 
natureo There are problems simply of lack of sufficient knowledge® 
In other cases we know enough about specific areas, to be able to out-
line and define specific problems and limiting factors0 These problems 
are in many areas, climatic0 Problems raised by the soil itself are very 
varied indeed? such problems may include physical soil factors, soil 
chemical factors (low general fertility and in some cases toxicities) 
and the overall difficulty, often not fully appreciated by those without 
practical experience, that soils are often very patchy (heterogenous) 
and vary over short distances* 

Problems Posed by Lack of Knowledges In many parts of Africa there are 
no detailed soil maps available,, Very small-scale maps covering large 
areas may not give sufficient information for planning purposes*,. In 
Kenya, for example, regional plans have been drawn up for all provinces 
in which an attempt has, been made to gather together and interpret basic 
environmental information in relation to planned development, but in 
same cases the soils information is still sketchy and inadequate® For 
specific development schemes, further soil investigations and mapping 

A map of an area dividing land into irrigation classes might be 

The soil problems affecting agricultural development are too 
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are often necessary before the viability or otherwise of the scheme can 
be assessedo 

In addition to local spils information and naps9 there are more 
general aspects of soil science where the present state of knowledge is 
inadequate and may thus limit development0 The important fact is that for 
tropical lowland areas in particular we do not know to what extent tradi-
tional shifting agriculture, in which a period of cropping is followed by 
a period of fallow, can in practice be replaced by more continuous culti-
vation which reduces or eliminates the fallow period0 The technical 
problems involved in continuous agriculture in the tropics appear to be 
very complex and to vary very much .from place to place0 Continuous rice 
cultivation and perennial tree crops (such as coffee, tea, rubber and 
oiipalm) form examples of perennial continuous agriculture, but it is much 
more difficult in many areas to cultivate annuals, year after year© Some of 
the soil problems involved in moving from shifting cultivation to permanent 
cropping were outlined by the author recently at the Ibadan conference on 
shifting cultivation,, Extracts from this paper are included here as 
Appendix 2© These extracts include the question, of the extent to which 
fertiliser applications increase yields in areas of traditional shifting 
cultivation, and allow the cropping period to be lengthened and the fallow 
periods, which are at present such a prominent feature of much of agri-
culture in tropical Africa, to be shortened or even eliminated altogether 
This Appendix therefore serves as an example of the type and range of 
technical problems encountered, and as an example of the ways in which 
our present technical knowledge might limit what can be carried out in 
the field of agriculture© The spectacular failure of such costly schemes 
as the East African groundnut scheme (partly because of inadequate prior 
knowledge of soil factors) forms a warning as to the dangers involved in 
attempting the rapid development of large areas without sufficient prior 
technical experience® 

0limattgJPrgblems3 Jn tropical Africa the main problems associated with 
climate, apart from the lack of sufficient, .long-term, reliable climatic 
data, are the problems associated with low and/or erratic rainfalls 0 It 
is one thing to have a low rainfall, and quite another to have a rainfall 
which is erratic, i © e « which varies so much from year to year that one 
can hardly predict in advance how much rain is going to be received© Much 
of the research work of E0A0A0P0R0O0 (the East African Agriculture and 
Forestry Research Organisation) has in recent'years been concerned with 
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the specific problems of low and erratic rainfalls, as summarised and 
commented on by Russello (?) One important approach has been to apply 
statistical methods to work out rainfall probabilities0 In this way it 
might be possible to say for example that statistically and area has so 
many inches of rain for so many months in four years out of five0 
This information has then to be related to the water needs of specific 
crops and crop varieties0 Here again, it was. found that lack of knowledge 
is often a limiting factor because we know surprisingly little about 
exactly how much water many crops and crop varieties need at different 
stages of their growth0 Experiments were initiated to measure water 
c ens imp t ion ac curat ely ® 

Cta.ee the likely rainfall is known (and for many areas it still 
is not known with accuracy) then the task is to select or to breed a 
crop adapted to that rainfall® If there is no irrigation and the crop 
relies entirely on the nataral rainfall, then often it might be neces-
sary to choose between a crop or variety v/hich gives a safe but relatively 
low yield, and one which because it needs more water or has a longer 
growing period might fail in some years but which will give a higher 
yield in those years .in which rainfall is adequate0 

There is much that will undoubtedly be achieved by crop 
selection and breeding to open up areas, of lower rainfallo The soil 
and climatic problems affecting development are not static, but 
subject to change as man's knowledge increases? what may be technically 
impossible today may be quite feasible in the near future© Thus the 
development planner has to keep constantly in touch with experts, able 
to provide up-to-date guidance as.to what is technically possible, 
and the mere fact that a scheme or development plan was found impracti-
cable some years ago does not mean that it might not be profitable to 
reassess it afresh now in the light of technical developments 

Unfavourable Soil Characferisticsg Apart from the frequent problem of 
lack of sufficient knowledge about the soil there are problems posed by 
known unfavourable soil characteristics, and properties0 Unfavourable 
soil properties might for convenience be considered under the general 
headings of (i) unfavourable physical properties § and (ii) unfavourable 
chemical properties, including low. general fertility, soil reaction, 
soil salinity and other toxicitiesa In addition soil patchiness (soil 
heterogeneity), while not necessarily unfavourable in the same sense, is 
nevertheless a factor which sometimes makes both experimental work and 
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agricultural development more difficult than it might be if soils v/ere 
more uniform, or uniform over larger areas© 

Unfavourable physical soil properties refer to unfavourable r—mrx~.~ ,. a;.; lytr i j thwt t I-Ti.II i" ' -!-»-•—zzr-xy—Ml rr-,n»,n r r r - r r g " ' . — c r f i u i w -i 

soil texture, structure, porosity, permeability, etc0, and also include 
excessive stoniness, shallowness and other aspects® Natural soils vary 
widely in texture0 In many respects the most versatile soils are those 
of moderate, intermediate textures, including the various, loams© Very 
light sandy soils and very heavy clay soils are often less versatile 
.iffle© have a more restricted range of agricultural uses,, but usually 
there is some profitable and practicable way of making use of soils of 
all textures© Por irrigation work, however, texture is particularly 
important© (see Appendix 1 0) Very porous, sandy soils may be excessively 
permeable and store very little moisture, so that they may be wasteful 
of water and need more frequent irrigation 'than soils of heavier 
textures. Very heavy soils on the other hand may have very low per-
meabilities and be relatively difficult to irrigate for that reason, 
and may also be very sticky when wet and very hard when dry. These 
latter properties are aspects of soil consistency© A friable consistency 
is generally the most favourable for agriculture5 where soils are very 
sticky when wet but very hard when dry, then special care must be given 
to cultivating them (ploughing them, harrowing them, etc©) at the 
optimum water content, i0e0 when moist but neither too wet nor too dry0 

In general it might be said that unfavourable physical properties 
are difficult to correct- satisfactorily and often result in the operating 
costs being higher than they would otherwise be© In some cases soils 
are excessively shallow, rooting depth being limited by rock, by a layer 
of hard pan or ironstone or, for some crops, by the water table© Soil 
depth, texture and porosity in turn all influence the soil moisture 
characteristics, including the important question of how much water 
the soil can store and make available to the plante The water storage 
capacity of soils is particularly important where water is a limiting 
factor; in an area of similar rainfall a soil with a relatively high 
water storage capacity might carry a different natural vegetation and 
also support a wider range of crops than another soil in the same area 
with a. relatively low water storage capacity- The red soils which 
conference participants will have noticed in the Nairobi area, the 
Kikuyu friable clays, include among their excellent physical properties 
the fact that they have an unusually high available water storage capacity, 
often being as high as over two inches per foot of soil© Conversely a 
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particularly low moisture storage capacity would be regarded as. an 
unfavourable physical soil property which, like most physical soil 
properties, might be difficult and/or expensive to correct0 

very low.fertility, but the fertility of the soil can generally be 
controlled or Improved by the use of fertilisers, and most intensive 
agriculture no longer relies on the natural fertility of the soil alone 
but .involves the use to varying degrees of fertilisers, and soil amendments0 
Correcting the fertility status of the soil is thus mainly a matter of 
cost and economics in relation, to the yield obtained and its value0 More 
troublesome are scaae other possible unfavourable chemical properties such 
as salinities or other toxicities<> Saline soils contain sufficient sodium 
to harm same plants and limit their growth? alkaline soils are those where 
plant growth is affected by excessive concentrations of salts of other 
elementso Such soils can usually be reclaimed, but the process may be 
too expensive to be economic0 Soil salinity is something that is looked 
at particularly carefully when irrigation is likely, since the unwise use 
of irrigation water often results in salinity being increasedo 

Other possible unfavourable soil chemical properties concern 
the minor or trace elements (oiigoelements) such as copper, boron, sine 
and molybdenum. It is characteristic of most trace elements that the 
plant requires only very small amounts 0 If large amounts are present 
in the soil, then some trace elements are toxic0 Thus, trace elements can 
limit agricultural development either because they are present in too 
small amounts, as for example in parts of Kenya where the soil does not 
contain enough copper, and .in parts of Tanzania where low boron has been 
a. problem, or because they are present in. too large amounts and thus are 
toxic (i0e0 poisonous.) to plants*, Sometimes an otherwise productive soil 
has been rendered agriculturally virtually useless by the absence of a 
trace element which can. be supplied in the very small quantities required 
at negligible cost once the deficiency is diagnosed and known., This 
happened in the case of sane unused Australian soils which were made 
productive simply by adding a pinch or two of molybdenum per acre, but 
such spectacular cases of improving soils at very little cost are rare0 

Soil i patchiness (heterogeneity) can itself be something of a 
problem affecting development, particularly if soil characteristics change 
markedly over very short distances0 Soil workers have sometimes reported 
important variations, particularly in soil chemical properties, between 
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samples taken a few centimetres apart0 Such patchiness makes analysis 
of the soil and also experimental work more difficulty it also affects 
the utilisation of the land® Planners often prefer areas where the soil 
is. reasonably uniform over relatively large expanses 0 

^|2jreagtiffi3 l0e0 the pH (acidity or alkalinity) of the soil, 
is an important soil property affecting fertility since most plant 
nutrients are generally most easily available to the plant in soils 
which are neutral or slightly acid in reaction,, Very acid soils and 
very alkaline soils usually suffer from specific problems0 Reaction 
can be corrected and acid soils are often, limed for this purpose,? but 
expert advice is needed before doing this0 In some cases plants actually 
prefer acid or alkaline soilss tea and pineapples, for example, are 
generally considered to grow best in aexd soils and soils may be deli= 
berately acidified for this reason0 Such considerations reinforce the 
viewpoint already expressed that often what is a good soil for one crop 
is. a bad soil for an.other, and that there is usually sane rational way 
of using and developing most soils provided that there is enough water0 

Soil erosion is sometimes a problem0 Many people are, 
fortunately, now aware of its dangers and conscious of the need for 
control measures, though here too expert advice might be needed as to 
what has. to be done0 Soil erosion measures are now relatively well 
understood and it is mainly a question of applying them in time and of 
using the land in a sensible way0 Soil erosion is particularly likely 
to be a problem where the rainfall comes in intense downpours, where 
slopes are steep and where the soil is not adequately protected by 
vegetation, but the texture and other properties of the soil also affect 
erodability0 In Kenya legislation was passed enforcing the terracing 
of land above a certain degree of slope® In some areas wind erosion 
can also be a serious problem, and may be more insidious inasmuch as 
it may be less spectacular and therefore less easily noticed, at least 
at first, as. compared with the gullies which may be caused when water 
collects and runs rapidly down a slope® In development planning the 
recommended land use will often be broadly influenced Tby the erosion 
hazard, so that only the flatter areas, might be used for annual arable 
crops, with the steeper ones reserved for permanent pasture or tree 
cropsa 
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APPffljCTQi LAND CAPABILITY CLASSIFICATIONS AND SOIL CLASSIFICATION 
FOR mgl &ATED,_AG-PJCULTURE 

The following notes on land capability classification and on 
the classification of land for irrigation purposes are extracted from 
my book, West African JSoils0 (4) 

There have.- been many attempts to classify soils according to 
their agricultural "capability0 and to make the classification simple 
enough, to be understood by the layman and by the ordinary farmer. Such 
classifications are widely used in the UgS0A0 .in particular0 The 
capability assessed is. one which normally refers particularly to the 
dominant local type of land use (the U0S0 land capability classification, 
for example, was constructed for areas ivhere annual crops and mechanised 
agriculture are the rule)0 However, the simplification necessary to 
produce a-, scheme easily understood by everybody sometimes leads to the 
classification saying very little which is not rather obvious and over-
simplified® Capability maps can be useful for planning purposes and 
have often drawn attention to the need for erosion control measures, 
but they are no substitute for more detailed work on soils0 

Because the best known capability classifications were developed 
in areas of mechanised arable agriculture, they are not always easy to 
apply to rather different areas without the danger of being misleading,: 
The usual method is to classify soils according to the severity of 
factors.held to limit their uses the more severe the limiting factors, 
the narrower will be the range for which the soils are suitedo Thus a 
Class I soil is a soil with very few or no limiting factors and is 
therefore the most versatile, but soils of Classes II to VIII suffer from 
progressively more severe limitations which narrow down. their desirable 
and practicable range of usec 

The land capability classification of the UoSG Soil Conser-
vation Service, the best known and widest used of the U0S0 capability 
classifications, places considerable emphasis on the liability of the 
land to suffer from accelerated erosion if cultivated,. It therefore 
pays particular attention to slope gradients but it also considers 
natural soil productivity where this is a limiting factor, factors 
interfering with cultivation (such as. stoniness) and climatic limi-
tations o It should be emphasised that the normal practice is to adapt 
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the general class, definitions to local conditions prevailing in parti-
cular areas, and that this adaptation makes the classification of more 
value in those areas0 The eight broad classes are the following? 

Glasses 1 to 4s soil suited to cultivation 
Glass H = no special practices needed 
Class 2 a. simple conservation methods necessary 
Class. 3 = intensive conservation practices necessary 
Class 4 - suited for occasional or limited cultivation 

with intensive conservation practices0 
Classes 5 to 7s soils not suited to cultivation but suitable 

for permanent vegetation such as tree crops., 
forestry and pasture 

Class 5 <= no special restrictions or practices 
Class 6 - moderate restrictions in use 
Class 7 severe restrictions in useQ 

Glass 8 not suitable for cultivation, grazing or 
treeso Class 8 land is usually extremely 
rough or steep land, or extremely sandy 
areas or extremely wet or arid areas that 
may however have some value for wildlife 
or recreational purposes0 

Soil^Classification for_ Irrigated Apiculture 

Soils are often classified specifically for irrigation agri-
culture, usually according to a system somewhat comparable to the land 
capability classifications: outlined above® A-system widely used is that 
of the UoSo Bureau of land"Classification, as outlined in their reclamation 
manual, or a modification osS.it to suit local conditions,, This "type of 
classification often divides'- land into six classes® Classes 1 to 4 
are. all suited to irrigated agriculture, with Class -j land having the 
least limitations and Class 4 land the most® Class 5 land is that land 
which is not considered to be irrigable at present but which could became 
so under certain circumstances0 It is therefore a. 'holding8 class in 
which land can be classified pending reclassification after the necessary 
engineering or other modifications have made it irrigable® Class 6 land 
iS3 that land not considered to be irrigable® 

For irrigation agriculture particular attention is givens (a) 
to the gradient of the land, for only flat or gently sloping land is 
normally considered irrigable? (b) to the texture, which is preferably 
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a. loam, for very candy and very clay soils are not particularly suited 
to irrigation, the first because they store so little water and have 
excessive permeability, the second because they are relatively imper-
meable and water moves very slowly through them? and (c) to the presence 
of high levels of salts, particularly sodium chloride, which might be 
increased to toxic levels during use6 

It should be stressed that the definitions of the irrigation 
classes are normally suitably modified to suit local conditions0 The 
following broad definitions of soils in Classes 1 to 4 may be found 
adaptable for general use in West Africa® 

Class 1 soils are highly suitable to irrigated agriculture. 
They can produce sustained and relatively good yields at 
moderate costa They are flat or nearly so and have little erosion 
hazard0 The soils are deep, of medium to moderately fine texture, 
have a structure and porosity allowing easy penetration of roots, 
air and water, and combine good drainage with an adequate moisture-
storage capacityo Ho farm drainage works are normally necessary® 
The soils are free of salt or other toxic substances, or can easily 
be. reclaimed. 

Class 2. soils are well suited to irrigation agriculture but 
somewhat more limited than Class 1 soils. They may be more 
expensive to prepare for irrigation than Class 1 soils, and 
be more costly to farm and require more supervision* The 
limiting factors may include one or more ox the following; 
shallow depth, texture which is either too coarse or too 
heavy, low moisture-storage capacity or slow, permeability 
because of heavy texture or subsoil compaction, These soils 
may require some expenditure on drainage or reclamation works. 

Class 3 soils are those with a somewhat restricted suitability 
for irrigation agriculture because of more serious limitations 
than are present in Class 2. soils. They may require heavier invest-
ment in land preparation, more care during use, heavier levels 
of fertilisers and amendments or be restricted by heavy texture 
and slow, drainage which can be corrected only partially and at 
high cost0 

Class 4 soils are severely restricted in their irrigation 
possibilities? they may be suited only to special 1ypes of 
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land use, such as pasture, or require heavy investment in engineering 
and drainage works before they can be used® Factors which could 
put a soil into this class include very poor drainage because of 
.heayy texture and unfavourable low position which subjects: the soil 
to periodic flooding or a very high water table0 

It will be noted that, as in the land ©spatili% classification, 
soils are placed in groups of decreasing suitahLb. ,/ for irrigation but 
that the particular factors or combinations of factors responsible for 
the soil being placed in that class are somewhat- variede Irrigation 
suitability maps, are very useful for planning purposes and for deciding 
whether an irrigation scheme warrants the investment involved, but the 
individual, user will often want to know exactly why a soil has been placed 
in a certain class, and not merely what class it is inc He may? for exam.pl®, 
have two soils both placed in Glass 3 but for quite different reasons, 
and intelligent use of these soils will require knowing more about their 
limiting factors than the mere fact that they are classified as Glass '3a 
As in the case of land capability maps, the irrigation suitability 
classification, is therefore no substitute .for more detailed work or for 
a knowledge of the properties of each soil series concerned0 To some 
extent the type of limitation involved is indicated by the practice of 
adding suffixes to the irrigation classa The usual suffixes are (SO)where 
soil characteristics are a limiting factor, (T) for areas limited by 
rough topography or too high, gradients, (D) where the soils are limited 
by poor- drainage9 (R) where loose rocks occur within the plough layer 
and (C) where a. climatic factor (other than low rainfall) is considered 
to limit the use of the soil for irrigated agriculture.® 
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APPENDIX IIg S_CME_TĴ miCiI._CQHSIDERATIC!NS AFFECTING RESEARCH CfN 
JMPROYEiENTS AND ALTERNATIVES TO SHIFTING CULTIVATION* 

The main criticisms of shifting cultivation concern low yields, 
and the generally short period of cropping in relation to fallow0 Both 
the increasing of yields and the lengthening of the cropping period are 
obvious ways of raising overall productivity of the system, and both 
of these are influenced by a wide range of factors apart from, soil 
factors-, Another way of raising productivity concerns the fallow period 
which follows the croppingg how can the beneficial effects of the fallow 
be obtained in a shorter time, or by means other than natural fallows 
or, best of all, be eliminated altogether by a rotation which keeps the 
land constantly productive? 

Just as the reasons for low yields are diverse, so the measures 
that need be taken to raise yields are varied and complex,. The use of 
fertilisers can be effective only where soil fertility is the limiting 
factor aid where the plant is genetically able to respond to an improved 
nutrient supply, but many other limiting factors, such as poor physical 
soil properties, water shortages, inadequate management in general 
(including weeding), poor husbandry methods (including wrong plant 
population densities and wrong time of planting), poor crop varieties, 
attacks, by pests and diseases•and so an, also limit yield, so that 
maximum yields can be obtained only when a very wide range of factors 
are all favourable0 
The General Level of Management and Choice of Husbandry Methods: 

According to Russell (?) possibly the most important single 
factor responsible for low yields in tropical. Africa is wrong time of 
planting - usually too late0 This appears to be«fc partly to caution, 
partly to the fact that at.planting time the farmer is simply too busy 
to cope with all that has. to be donec Recently, for example, it has 
been shown that cotton yields in Uganda fall seriously if sowing takes 
place after the optimum date© (29) 

Another widespread factor responsible for low yields is wrong 
planting densities, which are often too low0 These factors, plus manage-
meat factors., such as timely weeding, could of themselves, if corrected, 
probably give more substantial yield increases than the use of fertilisers. 

* This. Appendix is extracted from. Ahn, 220 
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particularly if fertilisers are used without attention to these factors 
as. welle 

Allan (23) investigated maize yields on small farms, in Kenya 
with and without good husbandry 9 and with and without hybrid seed and 
fertilisers,. He defined good husbandry (GH) as early planting at the 
start of the rains, a density of 36,000 plants per hectare and clean 
weeding up to tasselling time0 Bad husbandry (.EH ,1 is described as 
planting four weeks late with a low population density of only 18,000 
per hectare and only one late weedingo These two "types of management 
were investigated both with local maize without fertiliser (M s no E) 
and with hybrid maize and fertiliser (H + E)0 Average yields for the 
four combinations were as follows3 

BH + Ut., no E s 1S>02 quintals/hectare 
EH + H + E g 3.2 o 7 " " 
GH + m 9 no E 8 4808 " " 
GH + H + E g 80o2 " " 

The difference between good husbandry and bad husbandry, both using 
local maize without fertilisers, is associated with more than a 
doubling of yields and with an increase of 29o& quintals per hectare® 
In contrast, if bad husbandry is used, the use of hybrid maize and 
fertilisers gives an increase of only 1305 quintals per hectare, despite 
the extra investment in fertilisers0 In circumstances examined by Allan 
therefore, correct time of planting, correct planting densities and 
better weeding together gave a much larger yield increase than did the 
use of hybrid maize and fertilisers without these improved husbandry 
practiceso The yield increase associated with good husbandry as. compared 
with bad husbandry was. even greater when hybrid seed and fertilisers 
were used0 The results also indicate that the use of fertilisers in this 
case was not very profitable unless accompanied by improved management 
too0 

It will be noted that hybrid maize and fertilisers were tested 
together, not separately© In many situations, the local variety is well 
adapted to local conditions and resistant to local maladies, but is 
unresponsive to fertiliser application In such cases it is little 
use applying fertiliser unless the crop variety is also improved, and 
little use planting a variety of higher potential yield unless the 
soil can meet the correspondingly higher demand for nutrients, though 
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PoAoOo fertiliser trials:; and demonstrations appear to Indicate widespread 
fertiliser responses even where local varieties are used0 (34 and 7) 

In areas of low and/or erratic rainfall, much depends not only on 
selecting a suitable crop variety but on making sure that as much as 
possible of the rainfall gets into the soil and is then used by the crop0 

Increasing the effective rainfall includes measures designed to 
keep the soil open and to reduce and slow down runoffo These measures 
include the use of mulches, contour ridging, basin listing and other 
measures which have been successfully demonstrated both in West Africa 
(37) and in East Africa (38), though not widly used as yeta 
The Extent to which Fertiliser Applications; Increase Yields.; and 
PrM3l^g_Cropping 

A very considerable amount of information is now available on 
fertiliser responses in those areas, of the world where shifting culti-
vation is widespreado In considering this information it is helpful 
to relate responses to the agricultural/ecological zone in which they 
occur, to see to what extent they form a consistent pattern related to 
the zone© It is also useful to distinguish between the evidence of 
fertiliser trials, on experimental stations and the generally larger 
body of information relating to results on farmers5 farms, such as 
those, obtained in the numerous and widespread trials and demonstrations 
carried out by PoAo0® 

In the final analysis;, increased use of fertilisers depends 
not on whether or not they give an increase in yield but whether that 
yield increase is profitable,, Eussell (41) has pointed out that in 
most tropical areas fertilisers are more expensive than they are in 
the developed countries, while, the crop produced is sold relatively 
cheaply, so that "much higher crop responses per unit.of fertilizer, 
nutrient are normally needed in the tropics, if fertilizers; are to be 
profitable" o However, in a number of countries where shifting culti-
vation is practiced, governments now make fertilisers available at 
subsidised pricese 

A number of authors have pointed out that in Africa broad 
differences exist between fertiliser responses in forest and in 
savanna areas© (42, 21, 44) l.:i, "v.^or. IS' In savanna 
areas, responses to nitrogen are very frequent and responses to phosphate 
frequent, but responses to potassium . have been relatively uncommon even 
on soils which appear on analysis to be low in potassium© In forest 
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areas, the position is somewhat different, since responses to phosphorus 
and potassium are relatively frequent, but responses to nitrogen do not 
generally occur except .in long cultivated soils low in organic matter0 
Besponses to individual nutrients are now considered in more detail, 
together with some examples of related topics., requiring further research^ 

jl̂ JjgOiÊ  Nitrogen responses are closely 
related to organic matter contents and are? to a. considerable degree, pre-
dictable for this reason^ They are frequent in savanna areas, because 
these areas are generally low in humus, and there is also evidence that 
some natural grass fallows inhibit nitrification in the first year after 
clearingo In forest areas organic matter levels are often higher than 
in savanna areas and responses are less frequent except after several 
years of cultivation and on degraded soilsQ In a recent paper Ofori (43) 
for example, states that ni%rogen failed to produce a response with 
cassava or maize when forest soils at Kumasi, Ghana were continuously 
hoe cultivated for nineteen years0 Research has paid attention tos 

Seasonal changes and flushes in nitrate production under 
natural conditionŝ  
The "type of fertiliser most appropriate including the acidifying 
effects, of sulphate of ammonia? and 
Symbiotic and non=symbiotic nitrogen fixation and the role of 
legumes., in tropical agriculture,, 

Bartholomew (6) has summarised current knowledge of nitrogen in 
the humid tropics, and has pointed out that relatively lo?/ yields, such 
as 600 - 1200 Kg/ha of maize, do not remove more than about 15 Kg/ha. of 
nitrogen in the harvested grain0 He believes, that, taking into account 
the natural nitrogen supply, only small amounts of fertiliser may be 
necessary for long periods0 Nevertheless., he considers that available 
nitrogen may be the chief limiting factor to higher yields in many 
important food-producing areas, of the tropics, and, in order to achieve 
these higher yields more fertiliser nitrogen and/or the use of legumes 
will be necessaiy0 

Russell (44) considers that sulphate of ammonia is suited to the 
tropics, inasmuch" "as the nitrogen is held against, leaching by the 
ammonium action and that the S, contained is often beneficial, but 
nevertheless, because of the acidifying effects he makes "a. strong 
plea that sulphate of ammonia should no longer be used as a standard 
nitrogen fertilizer S80 except for the tea crop"0 Applied research 
on shifting cultivation improvement should therefore include consider-
ation of other forms of nitrogen, fertiliser such as the calcium ammonium 
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nitrate now fairly standard in Kenya;for arable crops0 
Nitrogen fixation is mainly by symbiotic bacteria, and these are. 

associated with a fair number of plants, other than members of the legumi-.. 
nosae(40) but it is important to remember that bacteria fix. nitrogen only 
when other sources of supply are; inadequate? nitrogen in .the soil solution 
inhibits fixation, and adding nitrogen fertilisers may have this inhibitory 
effect even though nodules may form0 (6) 

A. promising field of research in the tropica concerns., blue~green 
algae, for although, they are thought of mainly in connection with their 
nitrogen-fixing role in swamp rice cultivation they can tolerate a wide 
range of moistiirer conditions; and can live in moist or even dry soils0 
They can obtain all their needs from air, water and mineral salts and 
can therefore colonise areas vdaich other micro-organisms needing organic 
residues cannota 

Considerably more applied research is required on the use of 
legumes in areas of shifting cultivation, either mixed with other crops, 
as., a rotation crop or as: a form, of fallow0 During the growing period 
very little nitrogen escapes from the legumes to became available to 
asaociated cropsg the N, becomes available when the plant dies and 
decomposes, and it is this that accounts for the increase in available 
N when leguminuous green manures are. turned into the soile However, 
the effect of the added N may be equivalent to only modest amounts of 
fertiliser nitrogen, so that the economics of green manuring need to 
be examined carefully0 

Because of the mobility of nitratê  nitrogen, leaching losses 
can be severe .in high rainfall areas 0 The pattern of water movement in 
a soil may need to be studied in relation to the movement of nitrogen 
down to soil layers beyond the reach of the crops Hesearch on this topic 
is needed to formulate efficient N-fertiliser practicese 

Although total ni.trogen in the soil is simple to measure, 
tests for available nitrogen (NĤ  and NO^) are made more difficult by 
the fact that these ions are present in the soil in small and fluctuating 
quantities0 Seasonal variations in available nitrogen have been studied 
by Greenland (30) Birch (2.4 and 25) and othersa 

Greenland (31) has pointed out that the reason why nitrogen 
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tends to increase under natural grasslands is that the labile nitrate ion 
occurs only in very small amounts under such conditions, so that losses 
are kept very small and even modest additions of nitrogen to the soil-
plant system result in a net increaseo He also refers to recent methods 
which would assist with the detailed quantitative analysis of the nitrogen 
cycle under different management practices, mentioning the acetylene-ethylene 
method for measuring nitrogen fixation (33) and sensitive methods of gas 
chromatography to determine losses of nitrogen gas from the soilQ (27 and 
28) 
Phosphorus Responses and_Besearch on Phosphorus3 Possibly more attention 
has been given to phosphorus in tropical soils than to any Other nutriento 
This attention reflects both the belief that phosphorus is frequently a major 
limiting factor and the relative complexity of the problems associated with 
the uptake of phosphorus from the soil, including phosphate fixation<, Some 
aspects of current knowledge regarding phosphorus in soils of the humid 
tropics have recently been summarised by Olson and Engelstado (6) 

Phosphorus responses have been widespread, both in tropical forestL 
and tropical savanna areas, and appear to be related to the intrinsic 
qualities, of the soil, particularly to its phosphate fixing capaeity.o 
In the PoAcOc Freedom From Hunger fertiliser programme some response to 
applied phosphate was reported for slightly over 90 per cent of the very 
numerous trials reported (F0FoHoC0 Fertilizer Programme, 1968), responses: 
being particularly large for tubers (including yams) and vegetable crops0 
The following figures give average yield increases in trials in West 
Africa and South Americas 

West Africas Maize (794 trials) 173 Kg/ha 
Yams. (377 trials) 895 Kg/ha 

Northern South Americas Maize (196 trials) 401 Kg/ha 
Potato ( 53 trials.) 2,762. Kg/ha 

Phosphorus is relatively immobile in the soil, so that the 
root has to grow to the applied phosphatee This fact, and the well 
known ability of a range of tropical soils to fix applied phosphate 
in various ways (usually as aluminium and iron phosphate In the acid 
soils and calcium phosphates in alkaline ones) have contributed to the 
fairly low availability of applied phosphate fertilisers and suggest 
the need for increased fundamental and applied research on increasing the 
efficiency of phosphate fertilisers,, Topics requiring further investi-
gation includes 

- the effects of granulation of phosphatic fertilisers in 
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reducing fixation and prolonging availability 
I' 

- the possible effects of coating fertiliser granules to 
reduce fixation 

- the use of local rock phosphate supplies on acid soils 
- the use of a little lime on very acid soils (below pH 5o0) 

with high exchangeable aluminium 
- special problems of soils with particularly high phosphorus 

fixation capacities (usually soils high in amorphous hydrated 
oxides of iron and aluminium) 

- further investigations on methods of application, including 
depth of placement in different crops and soils and rates of 
application 

- further investigation on the feasibility of predicting P 
responses by means of direct soil analysis and correlations 
both between different methods and between results and sub-
sequent responses 

<= problems of seasonal variations (especially between wet and 
dry seasons) in test results 

- the practical role of other diagnostic methods such as leaf 
analysis 

- the use of added silicate to reduce fixation in soils with 
high iron and aixtaiMair.bufc low". SIM®on 

- possible harmful effects of P applications, ecg« depressing 
zinc, manganese or copper availability, especially in soils 
with a high pH 

- assessing and Improving the residual effects of phosphatic 
fertilisers*. 

Potassium; Potassium, in areas of shifting cultivation, is 
much less frequently a limiting factor than is nitrogen and phosphorus,, 
In some cases this is because the soil parent material contains adequate 
potassium (as in parent materials containing potassium feldspar and the 
micas), or because potassium release from humus mineralisation is adequate» 
In many cases, such as soils of the West African savanna areas, both total 
and available K appears low, when measured in the laboratory, and yet crops 
show little or no response to potassium fertilisers© This has, been 
explained as being due to the facjfe that the crops, involved are generally 
grasses: (maize, sorghum, millet) which are relatively efficient extractors 
of potassium, and also to the fact that savanna soils which are sandy and 
low in organic matter have relatively low action exchange capacities© A 
low/action exchange capacity means that even a.small amount of exchangeable 
potassium can give a satisfactory potassium saturation percentage (exchange-
able K/CEO), SO that, the small amount is nevertheless fairly easily 
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available to the plant© More recent work, however, including trails with 
yields at higher levels, has shown increasing numbers of examples of responses 
to potassium fertilisers, in the savanna areas0 

In the forest areas potassium responses are more frequent than 
in savanna areas., particularly with bulky starch-containing crops such as 
cassava, while K responses of coconut palms growing on sandy littorals 
have sometimes been particularly spectacular,, Further research is required 
on potassium leaching losses (particularly the role of phosphate, sulphate 
and chloride anions in facilitating the removal of K and other cations), 
and on the release of non-exchangeable forms of potassium in the soil to 
replace, the removal of the more readily available formss Further-
work on determining readily available and slowly available forms of K in 
the soil in relation to GBC and other factors, affecting uptake should make 
it-easier to identify in the laboratory those soils deficient in this 
elemento A useful summary of existing knowledge of potassium in soils 
of the humid tropics has recently been made by Boyer (6) who examines 
the various minimum levels of exchangeable potassium required by various, 
crops as reported from different parts of the tropics.,. He divides crops 
into three groups, according to whether their minimum exchangeable K 
requirement appears to be about 10 m0e0 per 100 g9 or less, than this 
or moree He also examines exchangeable potassium needs in relation 
to total exchangeable bases (E should be at least about 2_ per cent) 
and reviews work on various potassium "fertility scales" 9 Boyer also 
discusses the important question of equilibria, with other cations, 
particularly K/Mg;and K/Ga ratios, and possible interactions, between 
potassium and nitrogen, phosphorus and iron0 This valuable summary 
of present knowledge indicates clearly that further work is needed on 
these topics., as well as. on the problems of potassium leaching (referred 
to recently by Wild, 4$%' the problem of potassium fixation in certain 
soils and climates, and the fact that the commonly used potassium 
fertiliser (KQ1) sometimes lias a. depressive action or lowers the 
quality of some crops0 

Sulohiyg Sulphur deficiencies are now known to be fairly widespread 
in some areas of shifting cultivation, particularly in savanna areas, 
This may be because the sulphur is lost during the annual burning,. 

The sulphur in soils is mostly organic, and closely tied to 
organic nitrogen,, In wet areas sulphur may be lost by leachinge 
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Sulphur responses have been reported from Brazil (39), the 
Punjab of India (36), in East Africa (44) and in West Africa (41, 32- and 26)0 
In many other areas deficiencies have probably been unwittingly made 
good by sulphur-containing fertilisers such as, sulphate of ammonia and 
single super-phosphateo In Senegal, Tourte et alia (45) reported an 
average sulphurlfeaching loss, from lysime studies of 10 Kg/ha„ Olson and 
Engelstad (6) suggest, that the required rate of S, application could in 
some cases be as . high as 20 Kg/ha and and state that provided that sulphur 
applications are not allowed to lower soil pK to levels which would 
result in excessive SL. and In plant uptake, moderate sulphur applications, 
to non-acid soils in particular can be expected to have a beneficial 
effect on the availability of a wide range of nutrientse 

Calciunu Magnesium and Limings High, soil acidity was formerly believed 
to be due to a high degree of hydrogen saturation of the exchange complex, 
but it is now known that in soils with a pH of 5o0 or less, the predominant 
-eation is exchangeable aluminium 0 This , is due to- the hydrolysis of 
aluminium and the production of hydrogen ionsa Kampyath (6) has recently 
summarised current thinking on these topics, and has discussed responses 
to liming based on neutralisation of exchangeable aluminium0 This approach 
calls for the addition of lime, in relatively small amounts, only to veiy 
acid soilso Liming of moderately adid soils has met with very varied 
results so far, and is not likely to prove of widespread use0 Some of 
the harmful effects of liming are related to the fact that all the trace 
elements except molybdenum are more available in acid soils; than in 
neutral and alkaline soils, so that liming may induce trace element 
deficiencies,, 

One; of the beneficial effects of adding lime to veiy acids; 
soils high in exchangeable aluminium is that their phosphorus fixation 
capacity rmgyb fc© doweled* 

Considerable further research is required on the importance of 
soil; pH in the tropics, and on useful ways of measuring it„ Research 
on liming rates should probably be based on determining amounts needed 
to neutralise only the exchangeable aluminium0 Frequency of application 
will depend on leaching rates, and field studies are needed to ascertain 
theseo 

The main effects of low calcium and magnesium in soils are 
indirect, i0e0 on soil pH, but in a few cases direct shortages of these 
elements have been reported,, 
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Micronutr ientsUnder shifting Cultivation, with adequate fallows, it 
was generally thought that micronutrient deficiencies are unimportant. 
Recently., far more cases of trace .element deficiencies have been reported, 
This:~is partly because increased yields put greater strains on micro-
nutrients in the soil and show up deficiencies which were not apparent 
with less intensive agriculture, and partly because more research has been 
carried out on these topics. Current knowledge of micronutrients in the 
humid tropics has recently been summarised by Drosdoff (6) who states 
that in Africa deficiencies of molybdenum, zinc and boron appear to be 
the most prevalent, but copper, manganese and iron deficiencies have 
occasionally been identified. Deficiencies reported in Malaysia are 
mostly of zinc and boron, while in the Campo Cerrado area of Brazil, 
where the highly weathered and leached soils_are developed over very old 
sediments,, dramatic responses have been obtained to trace element appli-
cations, particularly to zinc, boron and molybdenum. 

It appears very likely that more research on trace elements 
will reveal further examples of deficiencies. These are generally 
least likely on younger, more fertile soils well supplied with organic 
matter, and most likely to occur in highly weathered or sandy soils^ 
developed from old sediments, which are also low in humus. 

Silicons Silicon is not an essential plant element, but in many highly 
weathered tropical soils soluble silica may be relatively low and there 
is increasing evidence that added silicate can increase yields of certain 
grasses, particularly rice and sugarcane. In Japan large quantities are 
applied annually to the rice crop0 In a review of recent work on this 
subject D'Hoore and Coulter (6) refer to reported responses of sorghum 
in Mauritius and millet in Rhodesia and conclude that there is considerable 
scope for research into the role and need for silica in .tropical agri-
culture, 

Fertiliser Responses in the Absence of otjher Improved Practicess The; 
extent to which fertiliser applications alone can ̂ -.n increase yields 
on farmers' plots has been the subject of considerable discussion and 
sometimes disagreement. Those concerned with the recent widespread 
F*A„0» fertiliser trials in Africa have on occasion written enthusiasti-
cally of the very high proportion of cases in which responses have been 
obtained^ Thus Hanck (34) states thats-

The results obtained up up to now from several thousands of 
fertilizer trials indicates after the effect of the fallow 
on the plant nutrient content of the soil has gone, it is 
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possible and economic to increase by relatively small 
quantities: of fertilizers, not only the immediate yields 
but also, gradually the fertilizer level of the soil 
Fertilizers can become the main factor for the intensifi-
cation of the cropping period and eventually for a complete 
abolishment of the shifting cultivation, 

Richardson (in Russell, 44 v) wrpte: 
Fertilizers used alone can be far more widely effective 
on the farms of traditional small farmers than had 
formerly been thought oooo For this reason we in Fd.O. 
regard fertilizers as "The spearhead of agricultural 
development", 
Richardson went on to state that of 8,746 demonstrations and 

2,250 trials, in West Africa, all of them "showed positive responses" 
and of these 85 and 99 per cent respectively showed "positive economic 
returns to at least'one treatment". Further details are given in 
Richardson. (7) 

In contrast.to this, and in direct reply to Richardson's views, 
Russell (44) quoting data supplied by Nye (some of it published in 20) 
stated that in Ghana alone nearly 1,200 trials were made before 1960 
on peasant farms, nearly all with a.3 1 3 H and P unreplicated factorial 
design. Responses ranged from 4 to 42 per cent of mean yield, but many 
sites gave negative responses and Nye considered that the responses were. 
profitable on considerably lesa than the 85 per cent of cases reported 
for the FeA.O. trials, 

The F.AcO. trials 'have undoubtedly amassed a considerable amount 
of data., and further work on these, lines should possibly be concerned with 
relating trial and demonstration results to soils and climates and analysing 
resulta in more detail than has been possible so far. 

Research on Continuous Cultivation 

Shifting cultivation is concerned mainly with arable food crops. 
Alternatives to shifting cultivation include systems of arable cropping 
which are more permanent, including long-term rotations, and also the 
greater use of permanent irrigated agriculture (particularly swamp rice) 
and of- tree, crops 0 

In an integrated landscape using different parts of a soil ®ateha 
in different ways one can envisage permanent rice or bananas in valley 
bottoms, permanent tree crops on the more sloping ground, and arable:. 
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agriculture confined to areas, of geuole gradient® A broader view, con-
sidering the various ecological zones of West.Africa as an example , would 
perhaps, emphasise that the very wet rain forest areas are generally not as 
well suited to arable crops as they are to tree crops such as. oilpalm 
and rubber, so that rational land-use. here would include tree crops, on 
uplands and permanent rice or bananas in valley bottoms-® In the less wet 
areas of the semi-deciduous forest zone a much greater range of crops, 
inel -ding cocoa, can be grown but there is still a strong case of preferring 
tree crops to annuals on the slopes® In the savanna areas where gradients 
are usually more gentle than in forest areas, there appears to be more 
possibility of introducing mechanised arable agriculture involving appro-
priate rotations,, 

Two alternatives to shifting cultivation thus, already exists 
these are swamp rice and other irrigated crops and permanent or semi-
permanent tree crops0 The third alternative, continuous arable cropping, 
or continuous cropping broken by grass,legumes,leys or planted fallows, 
is not yet a well tried workable alternative in most areas where shifting— 
cultivation is practised, and the great variety of soils and climates in 
which shifting cultivation is found implies a large number of different 
local solutions to the problems raised,, 

Considerable experimental evidence is now. available on long 
term rotation of crops and on the effects of leys, green manures and other 
ways of maintaining productivity® The initial emphasis.: in the savanna 
areas of Africa was on the use of farmyard manure or compost® The best 
known experiments, at Kano in Nigeria and at Serere in Uganda (Russell, 
44)? both relied on impractically heavy applications of FXM, but even with 
these applications yields at Kano fell off® Heathcote (35) concluded that 
organic manures applied over a period of years at Samaru, Northern Nigeria 
were effective because they corrected soil acidity and incipient potassium 
deficiency and provided trace elements, but claimed that "no evidence has 
yet been found to suggest that the addition of organic matter as such is 
of value" ® Farmyard manure has often been thought to have longer lasting 
effects than, green manuring® Although green manuring and the introduction 
of grass/legume leys have proved valuable in some areas such as Zambia, 
it appears that it is mainly in relatively cool parts of the tropics that 
their effect is sufficiently long lasting to be worthwhile® In the low-
land tropics the additional organic matter supplied by green manuring 
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is mineralised in a season or two, -d the beneficial effects on the 
succeeding crop may correspond merely to those obtained by a small fer-
tiliser applicatiorio All work on green manuring and the effects of leys 
designed to raise organic matter levels must be critically interpreted 
in relation to the climate, particularly temperature, and to the original 
organic matter level, as discussed by Bye and Greenland,, (42) As suggested 
above, research also needs to tackle realistically the question of main-
taining yields even with relatively low organic matter contents,, 

Although there is clearly increasing evidence of our ability 
to raise yields and to prolong cropping periods, it nevertheless remains 
true that in many areas where shifting cultivation is practised, parti-
cularly in the lowland tropics, there is as: yet no economic system of 
continuous arable cultivation which has proved workable0 Current work, 
some of it referred to in this paper, is undoubtedly bridging the gap 
between intermittent and continuous cultivation but a veiy great deal of 
fundamental and applied research remains to be done to close this gap in 
the way it has been closed in temperate regionsQ 
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.BignogRAppr 

The available information on soils and related topics affecting 
development is, as would be expected, both veiy extensive and very scattered 
throughout a. number of different types of publications9 Further information 
exists- which has not been published but which occurs in the files and records 
of agricultural research stations, government departments and private organ-

t •» 
isations concerned with agriculture, engineering, road building and so 
on0 

The published information ranges from that found in general 
textbooks on soil science, climate, geography and allied subjects to that 
which appears in current scientific journals and the reports of research 
organisations e 

The following suggestions for further reading are confined to a 
few recent books and periodicals dealing mainly with soil science, but 
most of them contain extensive further bibliographies or lists of references 
which will guide the reader if he wishes to go more deeply into the topics 
dealt witho 

General textbooks on soil science have generally been written by 
and for workers in temperate zones, though there is an increasing tendency 
for acme of them to pay more attention to tropical soils® General soil 
science textbooks include the following? 

1® Buckman, Ho0o and Brady, N0C0 The Nature and Properties of Soilse 
Seventh Edition© New York, Macmillan, 1969o 

2a Donahue, R®L®, Shickluna, J0C0 and Robertson, L„Se Soils; An 
Introduction to Soils and Plant Growth® Third Edition* New 
Jers ey, Prentic e-Hall, 19 7 To * 

3e. Russell, E»W® Soil Conditions and Plant Growthe Ninth Edition® 
London, Longmans. Green, 1961® 
Of the above5 the book by Russell is the most detailed and 

advanced, and the ninth edition has benefitted from the author's 
experience in East Africa as director of E®A0A®FoR0 0® 

The following publications, deal more specifically with tropical 
soils % 

4c Ahn, PoM® West: African Soilse London, Oxford University Press., 
1970® 
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AGRICULTURE AND WATER PROBLEMS % THE CASE OP THE VOLTA LAKE 
By 

Letitia Eo Obeng, Director9 Fresh Water Biology Research 
Volta Projectg Ghana 

INTRODUCTION? WATER RESOURCES 

la comparison with other continents, Africa has varied natural 
resourceso There are luxuriant stretches of green9 rare animals and precious 
minerals8 but the distribution of these over the eleven million square mile area 
of the continent is painfully uneven and we find sharp contrasts in the avail-
ability, quantity and quality of essential resources crucial for develop-
ment projects© This unfortunate state of affairs underlies most of the problems 
of developing Africao And it is also particularly true of the distribution of 
water resources in Africa© 

There are large African river systems? the Congo9 Zambesi9 Niger, 
Volta, Senegal, Webbe Shibeli, Juba and others have high flow rates© They all 
flow south of the huge Sahara desert8 3S5009000 million square miles, over a 
quarter of the size of the continent, which in common with other semi-arid areas 
has virtually no surface water resource© The mighty Nile rises in East Africa 
but flows north into the Mediterranean© These major African rivers alone 
constitute about 3 million miles of water© In addition there are also about 
3,750,000 square miles of lakes and other land-bound water in the eastern 
section of the continent© 

In the semi-arid west9 Lake Chad precariously holds its own„ But 
water resources appear noxfhere to be near enough in quantity© Oddly, the pattern 
of water distribution somehow seems to assure abundant water where it can least 
be effectively used and very little where it is most needed so that it appears 
that parts of the continent are constantly short of watere 

In the arid and semi-arid areas south of the Sahara, regular and 
adequate water supply is of vital importance especially for agricultural 
practiceso Rainfall in these regions can be heavy but also of short duration 
so that its overall usefulness9 in terms of annual rain hours, is ineffective 
for soil saturation© This is made worse where run-off is rapid after rain„ 
Where normal rainfall reaches an annual mean of 20 inches the water problem 
mainly centres around requirements for domestic use and for watering stocko 

In colonial Africa some attention was given to the problem of 
domestic water supply© The principal approach was the development of wells 
and bore holes© In some colonies considerable sums were sunk into thiso 
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There are instances where a good pert of the financial provision made for water 
supply went into making bore holes which were dug at £lo10 a foot® But there 
were also earth dams, as well as wells® 

In some areas9 nomad stock breeders on their own initiative excavated 
tanks, some up to 300 ft® by 70 fto in dimension They built water holes up 
to 60 ft0 deepo All over East Africa during this period, many bore holes, 
dams and wells were constructed® The picture was pretty much the same in 
West Africa where rural water development schemes were initiated in Nigeria, 
Gold Coast and French West Africa® Particularly in areas of poor rainfall the 
schemes were most welcome0 

With time however, dam construction has come to be a major form of 
water supply for domestic, industrial and agricultural use® Almost all the major 
African river systems have dams on them or on their principal tributaries0 
In addition to these, there are many more of varying sizes scattered all 
over the continent0 

Large dams have been constructed for multi-purpose use® Their sheer 
size commands attention® At the same time, they have magnified the problems 
which normally accompany small damso As they have brought benefits or misery, 
so they have 'been :lsailed or condemned,. 

In the following, I recount the story of the Volta Lake, currently 
the largest single artificial lake anywhere in the world which for almost 
ten years now has provided ample opportunity for a case study of large dams® 

THE VOLTA LAKE 

The Volta Lake covers almost 4 per cent of the total land surface 
of Ghana and the inundation displaced 70,000 people from their homes® As 
a complex development project it has provided a rare and useful opportunity 
for studying ecological changes which accompany lake creation and assessing 
the benefits as well as adverse impacts which are causedo 

The Volta story is complex and it began long ago® In very early 
colonial Gold Coast, slave traders and smugglers could navigate the Vclta 
from the Atlantic up to Ada® In the years which followed there was an 
assortment of activities on the river directed very often towards a north-
ward movement with a view to subjugating the rebellious Ashanti® But navi-
gation had been "difficult and had not proceeded beyond Kete Krachie where 
there were formidable cataracts"® 
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Steamships travelled up to Ada and a prosperous trade flourished. 
Yet it was not until 1895 what Joseph Chamberlain, then Colonial Secretary, 
authorised an investigation into the siting of harbours on the coast that the 
Volta was seriously surveyed as a route to link the north and the south. 
Commander D. Pagen Jones,RoN., who had had previous experience with the 
Niger and other rivers, investigated the river and proposed overland 
monorails-for the impassable rapids. A total cost of £50,000 was estimated 
for a.project to open trade between the north and the south along the Volta 
River0 This seemed uneconomical and London abandoned the project. Thereafter, 
there were a number of bold attempts to travel the Volta® They include a 
hair-raising account of the adventures of the dauntless Miss Mary Gaunt« 

But it was Albert Kitson, the head of the Geological Survey Department 
who after reporting on deposits of bauxite later in 1915 decribed the narrow 
gorge at Ajena as an ideal place for a dam. He estimated that 2.5 mil®down-
stream where the gorge measured 200 yards x̂ ide and 60-90 ft. deep and the 
volume of water was 1,634 cu0 ft. sec0, by raising the water height through 
the construction of a 100 fto dam it would be possible to generate 180,000 
horse power or 134 kilowatts of electricity. There would be ample poller to 
process bauxite deposits ox some 4 million tons from the Kwahu plateau. A 
complex project which involved rails for moving the bauxite as well as a 
smelter was consideredo 

Years later in 1924s Kitson prepared a proposal for a Volta hydro-
electric scheme with a dam near Akosombo® He also recommended another 
dam to be built on the Black Volta at Bui. The project received varying 
degrees of attention during the following years0 Duncan Rose made further 
technical studies. 

In 1946, a Volta River Project Preparatory Commission was formed 
and a thorough study was made of the proposal® The plan for the multi-
purpose project involved the erection of a dam and creation of a large 
lake for the generation of power, the building of an aluminium smelter 
and a nexf township of Tema as well as the construction of railways and 
ports for the bauxiteo 

The Preparatory Committee studied the intended project from other 
relevant angles also0 The human problem, involving some 70,000 displaced 
people, their resettlement and compensation, was investigated. The up-
stream and downstream effects of the damming and the strain on economic 
practices were studiedo They investigated various public health problems . 
which then existed and drew attention to the effect of the project on them. 
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The underlying principle of the project was straightforward. There 
would he a dam built across the Volta River0 Prom the accumulated water, 
hydroelectric power would be drawn. The power vas needed for normal develop-
ment projects in the country,but primarily, much of the power would be 
used to extract aluminium. 

Railroads were needed for transportation of the bauxite to the 
smelter, the port of Tema was important for a link with the outside world; 
but the income from the production of aluminium was to compensate for the huge 
expense involved in the project. 

The pov/er project was estimated at £68 million. This would pay 
for the crescent rock-fill clay-core dam spanning 1,400 yards and up to 
276 ft. in height| the preliminary survey for the work, included serial 
surveys, roads, housing at construction site, compensations, resettlement, 
health maintenance, switch-gear and transmission lines. Half the amount 
was to be lent by the U.S.A., the World Bank, and the U.K. on a long 
term basis. Ghana had to find the rest. 

The construction of the smelter and lines was estimated at a total 
expenditure of about £91,190,000. For the railways, £18 million provision 
was made. An investment of up to £8,500,000 was estimated for fisheries, 
navigation and agriculture and the building of Tema township. The 
Volta River Project was an expensive investment. But it was well studied 
and planned, and economically it was feasible and sound. 

In 1964, the dam across the Volta River was completed. Inundation 
began and the lake started forming. It was estimated to cover 3,295 
square miles, almost a fortieth of the total surface of Ghana. Until now 
Volta Lake stands as the largest single artificial lake anywhere in the world. 
It is 250 miles long and contains 120 million acre feet of water. It has 
a shoreline of over 4j000 miles and a maximum depth of 276 ft. 

Upstream Effects of the Dam 
The New Lake; The Volta River overflowed its banks for several miles and took 
on a completely different shape. Across its longest river tributary it was 
almost twenty miles wide. The streamlined Volta River which previously 
meandered majestically across the gentle Afram plains became a grotesque 
highly dentritic figure which has totally altered the landscape of Ghana. 

In addition to the gross change in the physical character of the 
river, the new watery medium acquires additional limnochemical and physical 
characters which are different from those of the original river. This is 
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initially due to an interaction between the water and the soil̂ but at a 
later time, biological factors in the flooded terrain also contribute to 
the .changeo The incoming waters bring much suspended matter which to-
gether with the action of the moving water eats into the soil- This 
releases various forms of sediments and increases the turbidity® 

Observations made on the hydrogen ion (pH) content of water from 
all parts of the country have shown values to be around normal® In the 
forest region some sheltered rivers have waters with pH values of less 
than 7® On the Volta Lake, the surface pH values have been of a range 
of 6 to 80 There is a definite downward gradient which decreases with 
depth making deeper waters slightly more acidic® Other chemical factors, 
including'oxygen,saturation, CO^, total alkalinity, ammonical Ng, PO^ , 
S04~~ CI™, Fe++, Ca++8 Mg++, N02+8 KT03", Na+, K+, Mn4"1" and Si02, show 
varying forms of gradation with depth but no particular pattern has emerged 
for some® 

The concentration of carbon dioxide, for instance, increases with 
depth® This is to be expected since photosynthetic activities which would 
use removable CO^ take place mostly in the upper better lighted layers® 
Concentrations of ammonia, hydrogen sulphide, total iron, manganese and 
phosphates also increase downwards® Iron is hardly detected in surface 
samples although high quantities are recorded from deeper layers® Laterite 
is a good source of iron and the brown flood waters bring in ferric ions 
which increase the iron deposited in the deeper waters® In the early days 
of the formation of the lake, iron hydroxide was often deposited in the 
pipes of the cooling system of the power generating machines® The water 
was drawn from the deep layers® 

The dam slowed down the water movement and this had an effect on 
the fauna® The Volta River previously had been a fast flowing river with 
rocky outcrops over which the water tumbled and fishes and invertebrate 
fauna which were adapted for life in such conditions thrived® Some of 
these perished as the physical conditions altered with the flooding; others 
were favoured by the increase in volume of water and the release of large 
quantities of nutrients® Algal blooms, particularly of Microcystis, were 
common in these early days® 

Records were made of the invertebrate fauna from 19^5 "to 1966 and 
subsequently during the initial stages of the formation of the lake® 
Later collections have shown an increase in the variety of the species 
of invertebrates now present® Most of these, especially the chironomid 
larvae and the nymphs of the mayfly, form food for fish® The quiet shores 
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Previously the maximum catoh estimate had been only 10,000 metric 
tons a year*. In 1971 the estimate was about 42,000 metric tonso Pishing 
activity attracted people and increased the number of inhabitants around 
the lake. Previously only about 2,000 fished on the river and this increased 
until by 1969 there were about 20,000 and they used over 12,000 
canoes®. The increase in size of the lake has made the boats and gear 
previously used inadequate. They are being improved® 

Under some conditions, it may be considered desirable to intro-
duce new fish species into a river basin® The Nile perch has already 
invaded many watercourses in Africa® However, with the larger artificial 
lakes, introduction of exotic species may not be necessary® The increase 
in. water volume and the enhancement of the nutrient regime trigger off 
appropriate mechanisms for the indigenous fish to flourish. 

Por successful fisheries, it is necessary to have a supporting 
long-term research programme. It is essential that such a research 
project be broad-based and multi-disciplinary. Such investigations have 
been carried out by the Institute of - Aquatic Biology on the Volta to 
extract maximum benefit from the dam« 

Erosion and Sedimentation as Problems' When rivers are slowed down active 
erosion is greatly reduced. But at the same time, the beds accumulate the 
sediment and matter which.would have flowed out of the basin.with the river 
water® With time, sedimentation and silting interfere with the storage 
capacity of reservoirs, but the overall effect depends on the characteristics 
of the particular dam. Sediments affect the chemical and physical quality 
of reservoir water. Additionally, since they may store chemical salts including 
phosphates, sediments also affect biological productivity. It is still 
early for this effect to be assessed on the Volta. However it is a fact 
that turbidity tends to be higher during the rainy season and more 
intense north of Kpandu0 Any sedimentation that is going on must be more 
active northwards. 

Effect of Dams on Seismic Activity; Large impoundments do increase earthquake 
activity within basins mainly because of the pressure they cause on the earth's 
crust. This activity is usually agravated by structural faults in the geological 
formation of the basin. After inundation, seismic activity apparently 
gradually increases to a maximum and then declines. 

The Volta dam actually lies in a zone of earthquake activity. And 
indeed, there have been a number of tremors since 1964® Across the Volta 
Lake range, intensities of strength from IV to VI on the Modified Mercalli 
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Scale have been recorded.® Using the seismic history of Ghana which goes 
back to 1862 when there was a disastrous earthquake, anti-seismic measures 
were taken during the designing and construction of the dam® The 
choice of a rockfill dam was one of the considerations® Fortunately, the 
topography in the lake area also ensures some measure of stability® 

A set of WeWoSoSo instrumentation including short and long period 
seismometers have been installed 35 miles south-west of the dam® 
Although one set by itself cannot confirm whether shock waves recorded 
originate from the lake or neighbouring epicentres, some useful information 
may be collectedo 

There was a tremor of 5 in 1964 after the lake began to fill0 It 
was believed at the time that the epicentre was about 30 miles south-
west from the dam® There was another one in February 1969® The most 
recent was on the May 12̂ 1973® This was monitored., and indications were 
that the shock wave started in the region of the dam® On Kariba, there 
was a major shock wave only five weeks after the water reached its 
maximum level® 

Water Seepage and Ground Hater Level; Because of the properties of water, 
one would expect the large amount which collects behind a dam to affect the 
basin which contains it® Particularly, where the dam is exceedingly high, 
the type of rock and its itfater tightness decide to a large extent whether 
there,will be seepage downstream® Where the water level changes along the 
banks, it has a good effect on bank and forest growth® 

For ground water level, where measurements are made through bore 
holes, it requires a period of time for results to come through® Only 
a little information is available on the ground water regime associated 
with large dams in Africa® In Ghana a series of bore holes have been 
dug for measuring the effect of the Yolta Lake® 

Results which have been obtained by the hydrologist for the Accra 
plains south of the dam show very little change for the period during which 
the holes have been operational® Between September 1972 and May 1973, the 
minimum and maximum readings have been 8029m and 8®50m respectively®- The 
higher value may have been affected by a previous rain* He records the 
rocks in the area to be phyllites and quartzites which are normally not water 
"bearing® 
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Downstream Effects of Dams 
In general, downstream effects of dams are not.uniform0 They tend 

to depend on the size as well as the location of the dam® In a temperate 
zone, a dam may actually interfere with the freezing pattern of water 
downstream as the thermal streamflow is disturbed® Dissolved oxygen 
in downstream water is reported to be low or high in some places but 
also unaffected by the dam in others0 Much depends on the stratification 
pattern and the level at which water is let out from the dame Spilling 
from the dam may also release nutrients and various chemical salts from 
deep layers and this would affect the chemical ion regime downstream® 

On the whole, the physical and chemical changes which occur tend 
to affect the biological resources downstreamo It would seem however 
that it is first the quantity of water which flows downstream, and sec-
ondly the timing and pattern of its availability which have a decisive 
effect on the flora and faunas When there is too little water, flood 
plains downstream may lose their fish, birds, other animals and plants® 
When there is too much water birds, eggs, and nests may drown® Some 
downstream fish also require, quite often, the stimulus of a flood to 
spawn and the flow of water is therefore of key importances Aquatic 
plants of economic importance have also been destroyed as a result of 
releasing water from spills at the wrong time® 

.Downstream creeks often have their own important biological 
resources® Such creeks depend on seasonal flow of water® If the river 
downstream is maintained at a higher level the creeks become perpetually 
flooded and major ecological changes occur which upset the biota® They 
often need alternate high and low water levels to maintain the rhythm of 
productivity® The Volta dam disturbed the breeding of Eg aria and At.ya 
gabonensis on the lower Volta® Previously these had constituted a pros-
perous business on which women made high annual incomes® 

Another effect of artificial downstream flooding is the effect 
of the large quantity of fresh water which is spilled on the salinity 
of the estuary® The change may disturb the rhythm of the migration of 
fish and therefore the offshore seasonal fish catches® This did happen 
to the herring fisheries for a period® 

There are reports also of accretion of material at estuaries for 
which downstream flow may be responsible® Where wastes are discharged 
into the dam there may be an adverse effect on the water quality and 
fish kill at the estuary® 
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Quite often also, the breeding of intermediate hosts of parasitic 
agents is also associated with the downstream area of dams® The similiidae, 
the mosquitoes and the tsetse fly group often find the change in water regime 
downstream an advantage® Similum in particular has been associated with 
spillways® The cool moist banks also tend to support the breeding of 
tsetse flies whilst temporary isolated puddles are good for mosquitoes® 
Similum breeding continues downstream of the Volta dam® 

MIS AND PUBLIC HEALTH PROBLEMS 
Aquatic Weed Growth 

One of the results of the ecological changes vas the growth and 
establishment of aquatic weeds on the forming Volta Lake® In the Afram 
region in particular, a number of species were recorded® Weed growth is 
now patchy but extensive® Recorded plants include Ceratophyllus spo, Salvinia 
auriculatas, Ceratopter-is cornuta» Pistia stratiotes, Scirpus cubensis,, Cyperus 
sp®„ Vossia cuspidata,. Polygonum spos Utricularia inflexa, Lamna sp»„ and 
Spirodela sp® Invariably these weeds have harboured and encouraged the growth 
and establishment of invertebrates which are a danger to the maintenance 
of good public health conditions® 

In tropical regions8 there are problems which accompany the accu-
mulation of water® The changes in ecological systems create conditions 
which enhance the development and establishment of additional transmission 
foci for some endemic diseases8 particularly insect transmitted infections 
including malaria, filariasis, onchocerciasis,trypanosomiasis, but also 
other infections as well as those which, like schistosomiasis require 
molluscan hosts® Not invariably, these are associated with weed growth® 

On Volta only months after the closure of the dam, Bulinus snails 
began to appear® It was not long before schistosomiasis was recorded as 
being on the increase in specific areas® Since then, other parasite trans-
mitting invertebrates including mosquitoes have also been identified 
within the basin® Five species of the tsetse fly Glossinas all potential 
transmitters of animal trypanosomiasis, have been identified and G® palpalis 
and G® tachinoides have been proved hosts of To gambiense® 

Above the dam, in Ghana, ecological conditions produced one excellent 
benefit® The simuliidae were eliminated from the area of the river flooded 
to form the lake® Previously the water tumbled fiercely over the rapids 
and the large, fast flowing Volta Siver was an ideal breeding place of _S® 
damnosum the transmitting fly for human onchocerciasis® The incidence of 
infections was very high in the basin® The Volta Lake destroyed the 
breeding places® 



= 89 = IDS/OP 15 

The Human Factors* Resettlement of Displaced Persons 

In Ghana, when the Volta "basin was flooded 78s285 people were 
affected® They were living on about 3,500 scjuare miles of land* The 
effective impact area was calculated at 26,000 square miles, about a 
q[uarter of the size of Ghana, on which lived 1,300,000 people, 19 per cent 
of the country's population at the time® Evacuation of the people began early. 
By 1963, 3,412 houses had been built in 10 settlements. In 1964, there 
were 44 settlements with 11,199 houseso The evacuation continued into 1965 
by which time £8 million had been spent on the resettlement projecto Of 
the displaced people, 69,249 had to be resettled in 52 new settlements. 
They had originally come from four regions of the country, but had been settled 
for a long time in the river basin® In all 739 villages were destroyed, 14,657 
households were disrupted, 12,799 them moved® 

The people were not all fishermen® They had pursued various 
occupations such as farming, trading, pottery and other craft work. The 
first six months after their evacuation were critical. They had been 
provided with houses but they needed to build homes® 

Especially in Ghana but also in the other African countries where 
large dams have been raised, a very serious problem has been that of 
providing the people with farming land as part of the rehabilitation 
process®. It took quite some time for the farmers to begin producing their 
own food® For the first six months the World Food Programme supplied 
food for the relocatees, although in three places experimental farming 
had been started in 1962, two years before the closure of the dam® 

MAN MADE LAKES M P ALTERNATIVE SPURGES OF ENERGY 

There have been many arguments as regards alternatives to hydroelectric 
schemes as an energy source® 

In many industrialised countries, energy sources conventionally 
tapped to produce power for both domestic and commercial use are.largely 
fossilised materials such as coal and oil. In addition to these, investi-
gations have been progressing in some countries for a number of years 
now to harness solar energy and release the power locked up in radio-
active materials. 

It was usually appreciated that there would be environmental hazards. 
But, as an energy source for the provision of electric power on the scale 
then envisaged, the Volta River had no comparison in the country. Ghana 
had no deposits of coal. It had no oil. It had no uranium. It had forests 
for wood fuel, but for power supply on the scale imagined, forest wood was 
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neither-suitable nor adequate® The building of an atomic reactor or solar 
energy plant on a scale able to supply the energy required could perhaps 
have been seriously considered® But this would have been unrealistic and, 
in any. case, at that time in history, there was too much emotion over atomic 
power prodtxction in a developing country® Even the small reactor erected 
for research purposes in Ghana turned out to be the centre of speculative 
intrigue on an international scale and work on it had to be indefinitely 
suspended® 

In review, and particularly taking its primary function which 
is the.production of hydroelectric power, the overall result of the 
development of the Volta River basin has been satisfactory and worthwhile. 
By 1971, the capacity of the power generating plant was 5®2. billion kilowatt 
hours. In 1972, it was to reach 8 billion kilowatt hours. The cost of power 
generated in 1971 was about 0=35 pence per unit. 

For the twelve months in 1973, the total power generated was 
3,871,560,000 kilowatts® VALCO, Tenia bought ̂ 8,383,103.88, the Electri-
city Corporation of Ghana 193,857*40 and mining concessions and factories 
buy large quantities® It is impossible to imagine how they could be supplied 
without the Volta hydroelectric project® 

MAT OF FUTURE PROJECTS? 
It must be firmly appreciated as a basic fact that any drastic 

ecological change- such as that which ushered the creation of a lake as 
•V 

large..as Volta (and also smaller reservoirs) will without doubt cause 
undesirable repercussions and pose hazards® With this in mind, there 
should be a deliberate consciousness towards taking precautions® 
Experience requires that for every dam project, early comprehensive 
planning be obligatory® 

At that early stage of project consideration, there should be a 
thorough investigation and an assessment of possible adverse environ-
mental impacts® The assessment should necessarily include.the entire 
basin, and investigate its human, land, andmter resources. Particularly 
concerning the effect of the project on the people, socio-economic 
studies should be extensive and they should start early® 

For surveys and studies on the land and water resources, provision 
should be made at the planning stage to ensure a comprehensive problem-
directed research programme and more importantly the availability of trained 
personnel, preferably of local extraction, to carry out the programme on a 
long term basis® 
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It is now accepted as highly desirable that decision makers should 
consult and work with an inter-disciplinary group of specialists whose 
expertise would be relevant to the planning and operation of the project. 
The participation of this group should be continuous throughout the project. 
This group should have the responsibility for direction to ensure environ-
mental safety as well as effective management of the project. 

CONCLUSION 

I have been- asked in various ways8 sometimes openly, at other times 
through guarded and indirect questions whether I would build a Volta Lake 
if I had to do so nowo 

My answer has always been a deliberate yes8 and will always 
be. I need not go over all the benefits which have accrued from Volta 
to support my reaction,neither do I need to list; hazards and environ-
mental problems and find excuses for them. The adverse impacts of dams 
in particular are already well known and often over-emphasised. 1 shall 
continue to take my present constructive attitude towards dams and their 
problems. 

There is nothing more wrong with dams than with other projects such 
as mining coal or gold and destroying the earth's crust, over-fishing 
a sea, causing erosion and desertification or destroying wild animals 
and their habitats! Like dams these are good projects. We speak against 
them because we do not know how to cope with their adverse effects. 

Now that we know what .harm may be caused by dam projects, I would 
advise that pre-construction planning and surveys should be thorough and 
early. I would advise that as much as possible attempts are made to 
incorporate into designs and operations where possible and feasible 
those facts concerning dams and their ecology which have been collected up 
to date and which may minimise future problemso 

I am convinced that if we ignore our present rich store of exper-
ience on man-made lakes, we shall continue to make retrogressive blunders 
and extend the scope of environmental degradation which now appears to be 
complementary to development projects in this particular field. 
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FISHERY RESOUR GIB; THEIR EXPLOITATION, MANAGEMENT 
AND. CONSERVATION IN AFRICA 

By 

John Okedi, Director, East African. Fresh Water Fisheries 
Research Organisation 

INTRODUCTION 

The beginning of the twentieth century saw the discovery of 
Africa's vast natural resources® Not only did explorers 'discover' lakes, 
rivers, forests and mountains, but scientists and naturalists also 
'discovered® what at that time were called 'new9 species of plants, fish 
and other animals® Thus scientific names were tagged to various species 
using the famed binomial nomenclature and immortalising the names of some 
of the people who first described those species® Africa of course abounds 
with thousands of different floral and faunal varieties and the early colonial 
scientists found the African environment lucrative from the point of 
'discovery' of new species® 

Colonial administrations astride the continent soon found great 
•'Value in the natural resources of Africa® Some of these resources, e«g« 
forestsj were logged for shipment to European countries® However, the advent of 
self-rule in the majority of African countries has thrown open many 
more possibilities® The exploitation of the natural resources is viewed 
with prospects for industrialisation in areas where poverty, malnutrition 
and unemployment are but the rule of the day* 

Prospects of exploitation of natural resources have also brought 
to light the imminent danger that Africa's renewable resources could be 
exhausted within our lifetime® The impetuous resolve to exploit these 
resources has to be guided by basic management advice® In Africa the 
paucity of basic raw data which could be used to arrive at recommendations 
for management is a matter of fact® It is therefore imperative that 
research investigations be undertaken in all fields of natural resources for 
which exploitation is planned now or in the future® 

This paper, therefore, attempts to describe the role science could 
play in the development and exploitation of one of Africans renewable resources 
namely fisheries® The basic requirements for sound planning and coordination 
are brought into play and involve the whole machinery of government® 
Examples are cited where improper planning and unavailability of scientific 
data have led to unfortunate experiences® A model has been demonstrated 
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particularly in East Africa where sound planning and coordination of 
research with development seem to have triggered worthwhile investment 
proposals« 

FISH AMD NUTRITION IN AFRICA 

Recent surveys of nutritional requirements in Africa have shown 
hunger to be the greatest problem of the continent * Lack or inadequate 
supplies of protein have brought untold havoc to large populations, partic-
ularly in the younger age groups. Thus Kwashiorkor, a disease of protein 
malnutrition, is extremely common in the rural areas of Africa. The problem 
that many, if not all, developing African countries have to grapple with 
is how to find adequate supplies of animal protein to feed a continuously 
increasing human population. 

Fish would therefore appear to be the answer to this problem as 
it is an excellent source of high-quality protein. Protein constitutes 
approximately 80 per cent of fish flesh and its nutritional value is 
superior to that of beef or poultry. Pish protein is more easily digested 
than beef and cooking does not denature it. Pish is also rich in fat 
(ranging from 1 to 20 per cent) and this fat is a good source of energy and 
vitamins. It is stated that fish flesh contains an anticholesterol which 
lowers the level of cholesterol in the blood lipids through th^ir -polyunsaturated 
fatty acids® High levels of cholesterol in the blood is one of the causes 
of heart diseases so common in the developed world. 

CURRENT STATUS OF AFRICAN INLAND FISHERIES 
The Catch 

The greater part of the landed weight of fish in African inland 
water comes from the larger lakes. In 1970 the total catch was estimated 
at 1,400,000 metric tons (Department of Fisheries, F.A.O. Rome, 1973)• 
Table 1 shows the major countries which contribute to African inland 
fisheries® From this it is easily seen that only Tanzania, Uganda and 
Zaire produced more than 100,000 metric tons whereas Mali, Nigeria, Egypt, 
Chad and Cameroun produced between 50,000 and 90,000 tons. The remainder 
of the countries produced less than 50,000 tons. However, seven countries 
produced less than 2,000 metric tons in 1970, and these were Ethiopia, 
Gabon, Gambia, Guinea, Rwanda, Sierra Leone and Somalia. 

For the majority of African countries fish production was well 
below optimum. It can be said that for all these countries the potential 
to make moderate increases in the annual catch does exist. To do this, 
hox-zever, requires modern innovations and improvement of indigenous fishing 
techniques. Any substantial improvement in catches will of necessity 
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require knowledge of the habitat end ecology of the fish in relation to 
s 0 c io-e conomic infr as tract ur e . 

In fable 1 some countries have been selected depending on 
availability of data® Their current (1970) catch and the potential 
factors of increase of their output has been shown. Two countries, 
Ethiopia and Congo, can increase their catch by ten times. Kenya can 
treble its landings and the following double their catch: Sudan, 
Zambia, Zaire and Rwanda. The Table further indicates that for Malawi, 
Uganda, Ivory Coast and Madagascar only moderate increases can be made, 
attaining perhaps just less than double their current output. 

Table 1. Possible Increases in Catch from Selected African Countries.. 

Sources Partly Department of Fisheries, F»A.0o, Rome, 1973. 

In terms, of really significant increases in weight, the following 
countries will rank as the major producers each capable of landing over 
100,000 tons annually: Tanzania, Congo, Zambia, Zaire and Uganda. In 
total therefore the expected potential catch from African inland fisheries 
could be valued at over $11,150,000, but due to inflation this figure could 
be conservative. 
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Some thought could he cast onto the market value of fish* Nshrenguzi 
et alo (3) have shown that in East Africa the market value of fish is often 
three to five times the landed value* Hence if Africa's potential catch 
were harvested, its market value would be between $33j450,000 and 
$55,750,000,. This is no mean effort in an area menaced by poverty and 
unemployment . 

Employment 

For a long time in Africa, fishermen earned little recognition 
as their subsistence industry was hard and precarious® Initially therefore, 
only the old runaway convicts, criminals and the socially discarded found 
their xray into this industry® Independence in many African countries brought 
a pleasant change to the fishing industry® Young university graduates found 
their way into this realm of untouched knowledge, and professional fishery 
personnel appeared on the continent during the late 1960s. The African poli-
tician was eager to demonstrate that no segment of his country or constituency 
xtfas left undeveloped and the power of the vote from fishing communities 
helped governments direct more attention to them. Fishing was shox-rn to be 
lucrative and many young men including school leavers joined the industry 
at production level. 

The numbers of fishermen in most African lakes, rivers and sxramps 
is not known. Besides, the great majority of them are only seasonally active® 
However, for a few lakes where information is available, this is given in 
Table 2. Volta Lake in Ghana has over 25,000 fishermen, while Lake Victoria, 
Lake Bangxreulu, Lake Malawi and Lake Chad have only 10,000 fishermen each. 
Kainji Lake is a reservoir like Lake Volta, and has over 6,000 fishermen. 
These are relatively new lakes in that they are less than 20 years old® 
Another man-made lake worth notice in East Africa is Nyumba ya Mungu Dam 
in Tanzania® This lake is relatively young but has alreadly a fishing population 
of over 3,000 fishermen. 

There is then a large number of people directly involved in fishing 
in African inland waters® Prom personal observation in East Africa, an average 
fisherman would support four to six members in the family. At this level 
of the industry, it is correct to assume that millions of individuals 
derive support from the fishermen in Africa® To these must be added all 
those involved in the processing (curing, drying, smoking etc.) of landed 
fish, those involved in the construction of boats however simple or 
complex, those involved in the -transportation of fish on foot, bicycle or 
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(2) The existence of large fishery resources which hitherto 
have been exploited haphazardly on a subsistence level, 
and which although renewable are capable of exhaustion 
and complete destruction.! 

(3) The widespread inadequacy of basic ecological and socio-
economic data necessary to effect proper and organised 
development of fishery resources® 

Proper exploitation of Africa's fishery resources can lead to 
an enhanced supply of high-quality protein, provide employment to large 
communities, raise the general standard of living and, where surpluses 
occur^ provide possibilities for export and earning of much needed 
foreign exchange® 

To date most of the African fisheries are on the indigenous subsis-
tence: level except Lake Tanganyika fishery, where the Greeks have operate:, 
light fishing and purse seines on a commercial scale® Yet the majority 
of African inland waters can support increased fishing activity to the 
extent of doubling or trebling current catches. However, for properly managed 
harvesting of Africa's fishery resources, basic ecological, economic and 
social data are a necessity. 

Ecological Factors 
Knowledge of ecological factors is not entirely essential for 

the exploitation of fishery resources on a subsistence level® It can 
be demonstrated that this kind of fishery has been going on in African inland 
waters from time immemorial® It depends on trial and error and out-put 
is extremely limited. However, for commercial exploitation of fishery 
resources to any extent the need for ecological information to guide the 
level of investment becomes an absolute necessity. It should be noted at 
the start that the details of such basic ecological data do not need to be 
refined to the extent of hampering or delaying development altogether. 

What is required is the bare minimum of ecological information 
to assist the implementation of development programmes which would enhance 
the wellbeing of so many people. The precision of basic ecological 
information should, of course, increase as the level of investment in 
the fishing industry increases® 

In a given body of water, therefore, the obvious questions for 
which development would require answers are:-

(l) What is the nature of the fish population in a given body 
of water, characteristics, behaviour and magnitude? 
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(2) What factors influence their distribution, behaviour 
and abundance? 

(3) What fishing pressure (rate of harvest) can the fish 
population tolerate, and what could be the maximum sustainable 
yield for each species? 

To answer these three basic questions it is therefore necessary 
to employ the expertise of a fishery biologist to study various aspects 
of the ecology of the species in each particular body of water® Initially 
it is necessary to elaborate on the types of fish present in the water and 
to give each species a scientific name by which it will be known in all the 
countries of the worldo Then aspects of its size, composition and distribution 
have to be known® The feeding habits have to be studied in detail in order 
to forecast feeding requirements and factors limiting the size of the population. 

The Biological Characteristics of the Stocksi The species that would 
normally be encountered feed on either plants (phytoplankton or other 
macrophytes) or on small invertebrates (zooplankton and other bottom 
living crustacea). Other typ®s would feed on the eggs, young or adults of 
other fish. Examples of all these various types are found throughout the 
continent. The Tilapias are well known both along the Nile as well as in 
practically all other large bodies of water where they are endemic. These 
groups are by and large plant eaters feeding on both phytoplankton 
(small microscopic plants floating in the water) or on the larger plants 
(macrophytes). They are therefore termed primary feeders, converting 
directly plant material into animal flesh. They are economical in that 
they use a food item which is abundant and easily accessible. Pood cannot 
therefore be a limiting factor for the Tilapia for purposes of species 
proliferation® Similarly there are many species which feed on the bottom 
dwelling invertebrate fauna includ.ing insects and crustacea which are 
available by the ton! Amongst these species the Morajyridae are an excellent 
example found in large numbers both in East, Central and West Africa. 
For these "elephant snout® fishes, food is plentiful and they are termed 
secondary feeders. The next category cited are the predators or those 
which feed on other fishes including immature and adult forms. Amongst 
these the famous Nile Perch (Lates niloticus) is an excellent example, living 
both along the Nile from Lake Victoria to Egypt as well as in the Rift 
Valley Lakes and in West Africa. In. many ways predators are not encouraged, 
as they tend to be wasteful in converting their fish prey into their own 
protein. 
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In all African inland waters many species live together in what 
is called multispecies fisheries, and the exploitation of one species therefore 
affects the wellbeing of others directly or indirectly® Overharvesting of 
the prey species could therefore endanger the predator's existence* In 
this way the large-scale exploitation of the Haplochromis of Lake Victoria, 
on which the Bagrus largely depend for food, will in the long run inhibit 
the development of the Bagrus fishery as the two species are always found 
living in co-existenceo 

Similarly the capacity of a population to breed and regenerate its 
stocks is of prime importance® Fishery biologists need to look at such 
problems as fish fecundity, numbers of fish fry which successfully attain 
maturity after spawning and therefore are recruited into the fishable stocks, 
breeding seasons, breeding habitats and periodicitŷ , It is accepted that 
any interference with the ecological pattern stimulating successful breeding 
will often disrupt the success of spawning., 

Once again an example can be taken from the Tilapia which are found 
throughout the African continent., Amongst them, some species, e.g0 Tilapia 
esculent a and Tilapia nilotica0 are mouth breeders.. The adults ready to 
spawn prepare shallow depressions on hard bottoms which are used for elaborate 
courtship display prior to egg fertilisation and spawning. The fry are then 
sucked into the mouth where they are aerated and protected from predators® 
Other species, e®g® Tilapia zilli0 are guarders who merely look after their 
young in shallow depressions constructed on the bottom® In all cases elaborate 
displays of courtship behaviour precede spawning® 

For successful spawning of all these species, no interference should 
be made in their spawning grounds® Beach seining activity along the shores 
of Lake Victoria is supposed to have contributed to the decline of the 
Tilapia stocks as the beach seines, dragged across spawning areas, destroy 
the depressions® Further, the size of the buccal cavity of the adults limits 
the numbers of fry that can be accommodated® 

The above illustrates one very important factor® Before an assesment 
can be made of the effect of human activity on its environment, it is essential 
to understand the intricate ecological patterns of all these faunal groups. 
Hence the dire need to undertake scientific investigations which in many 
quarters have often been misunderstood as the tendency of scientists' to 
indulge in time-wasting practices® There are, of course, other ecological 
factors which need to be measured for proper understanding of the fish stocks, 
e®g« growth patterns, mortalities, etc® 
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Quality of the Environments Ecologists need to concern themselves with 
the nature of the environment in which the fish stocks are dwelling. This 
aspect is directly related to factors influencing availability, distribution 
and behaviour of the fish stocks. It is important here to consider the 
quality of the environment that would offer the fish the best chances of 
successful breeding, availability of food supplies and therefore guaranteed 
existence. These factors are abiotic or biotic in nature® 

Abiotic factors include, amongst others, the extent of radiant energy 
from the sun, nutrient input and its loss and oxygen supply. The volume or 
extent of lakes, rivers and swamps in which fish live depends on the morphometric 
characteristics of catchment areas« Biotic factors on the other hand control 
the production and distribution of important phytoplankton, zooplankton, 
benthos macrophytes and fish among whom intricate feeding mechanisms exist. 
Nitrogen and phosphorous have been shown by Mabaye (2) to be limiting 
growth in many waters and hence the need to evaluate concentrations of various 
dissolved salts in natural water cannot be over-emphasised® 

It is important therefore to establish tolerance limits for each 
species for chemical and physical factors, such as temperature, oxygen 
concentration and other dissolved salts and gases. Paucity of fish in the 
aquatic environment may therefore be related to any or some of the physical, 
chemical or biological characteristics of the water. Moreover,an environment 
is liable to change drastically in its physico-chemical nature due to human 
activity (sewage, industrial effluents, etc.). Subtle differences in 
concentration levels of various physical and chemical characteristics, although 
not discernible easily, can mean life or death for the small aquatic plants 
and animals upon which higher animals depend for subsistence. This interference 
in the environment has caused international outcry about aquatic pollution 
and calls for concerted efforts by fishery biologists, health officers, 
planners, industrialists, etc. to ensure the maintenance of a healthy 
environment ® 

Potential Catch: Finally, consideration of the characteristics of the 
fish population and nature of environmental factors affecting its abundance 
should lead the fishery biologists to attempt to provide indices of how much 
of that population can be harvested on a sustainable yield basis® Indeed 
this is a basic point in management® Plant and animal resources are capable 
of regeneration and, subject to scientific management, can be utilised 
indefinitely. On the other hand, if utilised irrationally, such resources 
will disappear during our own lifetime® Experience elsewhere has shown that 
the costs of rejuvenation of such depleted resources are prohibrfcive,, 
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It is to be emphasised here that no proper planning of scientific management 
for the use of our natural resources can be done without basic ecological 
information? hence the need to apply modern scientific theory and practice 
to the management of Africa's vast but delicate natural resources. 

Sooio-Economic Factors 

For a long time fishing in African inland waters has been done 
on a subsistence level involving the use of local material for the 
construction of simple water crafto Fishing was done mainly with hooks, spears 
or traps and baskets using fishing craft constructed out of papyrus, reeds 
or tree truhkso These materials were adapted to local conditions but icre 
of very limited durability0 The fishermen, however, used these materials 
and techniques from time immemorial and so were completely adapted to them. 
The catch so derived was, however, very meagre, barely sufficient to feed 
the fishermen's extended families. 

The expansion cf the fishing- industry therefore requires over-
hauling the existing set-up in order to improve the fishermen's catches 
and to convert fishing to a cash has iso Before this is done it is essential 
to study the economics of the use of new and possibly improved materials 
for boat construction. This involves introducing such aspects as increased 
mobility on the lake, increased carrying capacity of the craft and increased 
safetyo All these should obviously lead to increased earnings instead of 
merely introducing additional costs to the industry. First and foremost 
the use of local materials for the construction of boats should be evaluated® 
In a study done by Whiting (5) in Lake Victoria, it was demonstrated that 
by using wind-driven karua craft in the Nyanza Gulf fishermen were performing 
better than by attempting to motorise their craft with outboard engines. 
Hence the serious need to evaluate new proposals economically before under-
taking such costly and possibly uneconomic innovations. 

Similarly by operating a certain number of nets in his craft a 
fisherman can realise a certain amount of income0 If such a fisherman doubled 
the number of nets in his craft would he necessarily double his earnings? 
Often this is not the case. In the same manner, if a fisherman travels 
daily a certain number of kilometers into the lake to fish and obtains 
a certain level of income, would he increase his income twice by travelling 
twice as far out into the lake as he did previously? These are questions 
of assessing the economic expediency of introducing new factors into the 
fisherŷ - and they necessitate mathematical modelling. Yet these aspects 
are essential if we are going to advise the fishing industry properly 
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and avoid wastage of scarce financial resources« It is, of course, realised 
that traditional fishing gear must be improved, but the question is how far 
do we go in improving or modernising African traditional fishery? 

Traditional or indigenous fishery lands only small quantities 
of fish. Should development and improvement occur in the industrialisation 
of the fishing units, then there arise logistic problems of efficient 
methods for the disposal of increased catches. No one in modern Africa can 
sensibly argue against improving handling and processing techniques. 
Problems would arise as to where to locate an ice plant, for example, and 
other ancillary handling and reception shoreline facilities, or even the 
breadth and length of these facilities to suit the level of planned 
industrial fishery. Such alternatives as exist should be guided by socio-
economic factors, e.g, availability of an existing road network, electric 
power, -urban markets, etco It is, of course, arguable that such modern 
innovations in processing must be introduced in order to improve the keeping 
quality, flavour and purity of the fish, irrespective of whether or not these 
improvements generate higher price structures and earnings. Social scientists 
should, of course, be brought in to assess the impact if introducing fish 
products processed differently to markets and consumers who have been 
accustomed to particular ways and methods. The economics, therefore, of 
introducing new products to the consumers must also be judged from their 
social implications for the population® 

As indicated above, the potential for increasing output of fish 
from many African fisheries does exist. In most oases these extra tons 
of fish can be harvested and the prospect of increasing protein supply seems 
bright® The most important aspect in this regard is to develop efficient 
means of marketing and distribution® For many countries fish are 
readily available to consumers on the shoreline of lakes, but become a rarity 
only a few kilometers inland due to lack of suitable roads and communication 
systems® It is once again imperative for socio-economists to be brought in 
to study levels of fish consumption in various forms and to recommend road 
and communication layouts to suit socio-economic factors® It is through such 
combined and planned marketing and distribution that proper utilisation of 
fish and fish products can be achieved® Even in this instance, what is 
called for is to study the existing set—up in order to recommend 
innovations which, while economic, are not at variance with established ways. 
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SUMMARY 

This paper has attempted to point out the value of fish in human 
nutrition, provision of employment and uplifting of social and economic 
standards® The fishery resources of Africa are extensive and in the main not 
fully exploited® These resources like other natural resources are renexjable 
although exhaustible0 Efforts to exploit these resources must be encouraged, 
but scientific planning and management are--called for a. 

The first step in this process of proper utilisation and exploitation 
of Africa's valuable natural and renewable resources is the identification 
of the resource itselfo The initial identification of the resource should 
therefore lead to information on the magnitude of the resource, its character-
istics, distribution, composition and the best methods of harvesting ito 
These would seem to be short-range objectives which should meet various 
goals and aspirations required by government and industry to effect rational 
development and management of the resource,. It is, of course, imperative 
that planners in government and industry incorporate economic and technological 
information in evaluating possibilities for development and investments 

Depending on ecological information as set out above, coupled with 
economic and technological information and with good resource development 
possibilities, planners would have to look in greater detail at some of the 
critical factors® Ecologists, economists, sociologists, technologists and 
government planners would need to cooperate and provide more details to 
ensure that any proposals will be both economically and socially beneficial* 
It is at this level that ecological information has to be more precise in 
order to guide development and investmento 

Development and investment would ensue from such initial studies® 
The exploitation of the natural resource would then require monitoring, 
regulation and management® The overall effects of methods of harvest on 
the resource and rates of harvest in relation to the resource size need 
continued examination by ecologists and economists® This then is the 
role of research for direct management and conservation of the resource® 

From the foregoing it should be emphasised that the development 
and exploitation of natural resources call for collaborative planning 
at all levels involving ecclogists, economists, sociologists, technologists 
and various other planners within the machinery of an entire government® 
The danger that exists in developing African countries i6 that over-
anxiety to develop and industrialise and readiness to accept attractive 
new technological innovations from developed countries tend to lead to 
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precipitous decisions® Success, therefore, must he measured in the long 
term and careful planning and realistic evaluation of development 
alternatives must be brought into play, involving various cadres of 
government professionals® 
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A CASE STUDY OF THE EXPLOITATION OF THE LAKE VICTORIA FISHERY RESOURCES 

Introduction 
Lake Victoria is 26,000 square miles in area,, and for many years 

before the appearance of white men in Africa indigenous methods were used 
by shoreline tribes to reap the fishery resources of this great lake, the 
largest lake in Africa and the second largest in the world® Local materials 
were used for fishing in this lake such as dugout canoes and cleverly woven 
papyrus and reeds boats, hooks and basket traps, etc0 Later, the famous Sesse 
canoe was evolved and has demonstrated its suitability over the years® 
The modern gill-net was first introduced into Lake Victoria in 1905 by a 
Norwegian named Aarup0 This increased catches from 50 to 100 fish per 60 
yards of stretched gill-=net« 

Various entrepreneurs constructed larger boats and distributed 
large quantities of gill-nets since the prospects of' a lucrative fishery 
seemed very goodo However, since 1905 when catches per net were 50 to 100 
fish, the situation has continually deteriorated to an appalling situation 
with catch in 1974 less than one fish per net! In fact, you would need 
to set three nets to catch one fish® This over-exploitation was brought 
about by several factors® 

In. the following paragraphs three specific examples of commercial 
scale fishing on Lake Victoria are cited® The first two examples led to loss 
of capital invested, as the schemes were doomed to failure® The reasons 
for their failure are examined® The third example gives a modern approach 
to planned development calling into play all aspects of research 
(ecological, socio-economic and technological) needed for a properly managed 
commercial fishery for the whole lake0 

The Busoga Fisheries 
In. 1949, the Busoga African Local Government set up an industrial 

fishery to exploit the Mormyrid fish off Dagusi Island® The Lake Victoria 
Fisheries Board recommended this as research information showed abundant, 
stocks of this genus® Further, there was a large African market in Jinja 
where various industries were operating including the construction of the 
Owen Falls Dam0 However, due to the devastating effect of sleeping 
sickness, most of the northern shoreline including the islands were 
closed to human habitation® 

The Busoga African Local Government made available £8,000 for 
capital development and £2,000 for recurrent expenditure® A Board of 
Management was set up under the chairmanship of the District Commissioner, 
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Busoga, and the following were members:- Treasurer of the Busoga African 
Local Government, the hereditary ruler, one County Chief and two political 
representatives® One manager was appointed and skippers were recruited to 
man the one motorised launch and five Karua type sailing crafte The Fisheries 
Research Department had indicated that the scheme could catch 401bs of fish 
per net daily® The scheme expected the following revenue annually: 

7200 lbso fresh fish per week 
Wholesale price at 50 cents per lb 
Expected revenue for 1950 was £2,500® 

When the scheme became operational catches averaged only 13 lbs® per -net® 
Women in the area would not eat the Mormyrid fishes due to a taboo® The 
wholesaler who contracted to buy the catches was unable to pay cash® Through 
theft, large quantities of gill-nets were lost regularly® Initial delays in 
delivery of engines and boats caused losses in money and later the boats 
developed engine troubles® The catches subjected to smoking were ruined 
by high moisture of the atmosphere, and became unacceptable® The scheme there-
fore proved unworkable® 

The Busoga Deep Water Fishing Company Limited 
Failure of the Busoga Fisheries led the Fisheries Board to conclude 

that for the scheme to be successful it needed expansion and a significant 
injection of further funds® A new company was therefore formed in 1952 
whose terms of reference were: 

To establish within two years a profitable industry which 
would make useful contribution to the provision of protein 
food for the local population for an outlay of £40,000 working 
capital less incidental receipts from the sale of fish and from 
interest on capital not yet employed® 

The newly formed Busoga Deep Water Fishing Company, Ltd® took 
over assets of the Busoga Fisheries and arranged to build housing and a 
fishing station on Dagusi Island® It also arranged to purchase a processing 
plant, a trawler, batch drier, washing machines, ice plant, insulated 
boxes, generator and other workshop machinery® 

However, two years after the formation of this company delivery of 
equipment from the United Kingdom was still delayed® The trawling became 
impracticable due to preoccupation in constructing the Dagusi base® The 
company made no headway and afterxfards folded® 
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Comment 
The two companies., the Busoga Fisheries and the Busoga Deep Water 

Fishing Company, Limited, were essentially similar in their motivation,, Both 
wanted to provide adequate protein to the local population by industrialised 
fishery, exploiting the Mormyrid stocks® Both were doomed to failure for the 
same reasons® It will be interesting at this juncture to look at some of the 
problems' and <\n '.constraints which made.these two companies fail in spite of 
so much enthusiasm from the organisers,, 

Lack of Adequate Ecological Informations The Fisheries Research Organisation 
advised that the company could expect to catch 40lbs® of fish per net, and 
the companies planned accordingly® There was, however, serious lack of vital 
information on the Mormyridae upon which the fishery was planned® The distribution 
of these fishes was not known other than general statements such as that 
they "are found in deep waters"® There was no knowledge of their breeding, 
and therefore their capacity to regenerate the population was unknown and hence 
aspects of standing stocks, migrations and seasonality patterns could not 
have been provided in order to advise whether the Mormyridae could have sustain-
ed the planned industrial fishery® Further the fishery would catch many other 
species of fish whose characteristics such as size and distribution were not 
known® The companies were taken by surprise by the appearance of large 
quantities of other fish types for which no adequate arrangements were made® 
The Mormyrid fishes have since shown extremely diminished numbers and to 
date no sensible investment could be considered for the exploitation of this 
single, tather difficult-to-come-by, genuso 

Lack of Technological Data: The two companies planned to operate gill-nets 
and trawlers® Since the behaviour of the species involved was unknown9 
it was also uncertain as to what the catch per unit of effort would be in each 
gear for each species® There was lack of information as to the most suitable 
mesh sizes for both the gill-nets and trawls that were to be used® 
There was no information as to sizes of boats for trawling and sizes of nets 
in relation to engine powero There was, of course, no information on the 
nature of the bottom where trawling was to be carried out® 

Inadequacy of Processing Knowledges The primary fish that the two companies 
aimed at exploiting was extremely fatty and difficult to cure by traditional 
methods such as smoking and sun-drying® The product that the companies obtained 
was mouldy and unacceptable® Alternative means of processing the Mormyrids 
were not investigated, nor were ways of processing other fishes examined® 
The companies landed quantities of fish for which no adequate processing 
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arrangements had. been made0 
Lack of Economic Information on Marketing and Distribution; The two 
companies began operations before collection of adequate data on the market 
for their -products0 They took for granted that the large African labour popula-
tion in Jinja wmald f@M! a highly absorptive market0 This was proved wrong, 
and extensive information on market availability, capacity of consumers to 
purchase fish and. in what forms, should have been gathered first 0 

Lack of See.-. i^cal^I^crr^^:: The two companies were taken with the idea 
that, due to shortage of meat in the surrounding Busega and Buganckareas, 
the African population would automatically accept the Mormyrid fish as an 
alternative supply of protein0 This particular fish, due to its finger-like 
snout is called kasulubana or 4elephant snout fish'and will ftot be eaten by 
women in these areas as the women would bear children resembling the elephant 
snout fish® This tahoo meant that the women would rather staffer protein mal-
nutrition than eat the elephant saout fish0 She fishing , companies were., there-
fore disadvantaged from the cutset by lack of essential sociological information 
pertaining - to taboos or such question® as whish fish is eaten by which- .tribes or 
which tribes prefer certain species processed in particular ways® 

The Lake Victoria Fishery Development Project 

The existence of vast fishery resources in Lake Victoria had been 
recognised for some time® During the latter half of the 1960s a new project 
was formulated incorporating collaboration between the three partner states, 
Kenya, Uganda and Tanzania, using multilateral assistance from the UolToDoPo 
This new project, initiated in 1967, was to be executed by the EoA^Oo of 
the United Nations and the local cooperating agency was the East African 
Community through the East African Freshwater Fisheries Research Organisation 
(EAFFRO)« This project took into account the errors mad.e in earlier schemes 
and every effort was to be made to ensure that sufficient studies were 
conducted before any investments were made0 

The original aims of the project included:-

(1) To assist in the management- and development of the Lake 
Victoria Fisheries, and 

(2) To strengthen EAFFRO to enable it to meet the needs of 
industry and to provide basic data necessary for development 
and managemento 

The cardinal aim of the project therefore was to lay the 
foundation of which future development of the fishery in Lake Victoria 
could be based® This objective was to be achieved by collaboration between 
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various international organisations and the whole machinery of governments 
at the national level® It required coordination of planning among ecologists, 
economistsj sociologists and technologists and involved experts from national 
governments, from the East African Freshwater Fisheries Research Organisation 
and from the United Nations« 

The work involved the deployment of experts in various technical 
fields® Initially, it was essential to undertake a survey of the bottom of 
Lake Victoria in order to establish various characteristics such as depth, 
composition and whether it was possible to trawl in the lake at all® 
Further, experiments were carried out with various sizes of nets in order 
to establish the best net and the best cod-end mesh size that would be capable 
of catching the maximum quantities of fisho The speeds by which the trawls 
should be pulled had to be determined® Similarly, ecological investigation 
included determination of all the species that could be caught by the trawl 
nets including details of their characteristics, composition, age, etc® 
Stock assessment biologists finally found how much fish was available in the 
bottom of Lake Victoria® This involved application of mathematical 
calculation® This figure has now been set at approximately 700,000 tons of 
fish of which 80 per cent is composed of Haplochromis® Current recommendations 
include exploitation of 200,000 tons of Haplochromis» This fish is, however, 
small and is not readily acceptable as a food fish and hence alternative 
uses have to be found® 

The availability of large stocks of fish necessitates investigations 
of marketing and distribution® It was necessary to find whether the large 
stocks of fish could be absorbed by East African markets, and since by far 
the greatest weight of fish was made up of one genus, namely Haplochromis, 
it was necessary to find if, turned to fish meal, the Haplochromis would 
find a ready market within East Africa and the neighbouring countries® 
All aspects of distribution had. to be studied both for fresh and processed 
fish® At the same time, the sociological impact of nex\r innovations in 
the fishing industry had to be evaluated, for example the impact of trawls 
on indigenous canoe fishermen; and fish preferences within different 
tribes and taboos had to be looked intOo At the same time, the educational 
needs of the new fishery had to be investigated® Trawling means catching 
fish using motorised poxver® This calls for engineering capabilities as 
well as capabilities in fishing techniques® Technical arrangements called 
for training engineers, deckhand staff and others® Finally, investigations 
into the funding of a commercialised industry in Lake Victoria had to be 
carried out® Sources of capital needed to be identified, and the coxintries 
involved had to plan for fishing sites as x-rell as sites for the development 



110 -
IDS/OP 15 

of the necessary infrastructure® All these required extensive planning and 
the involvement of various planners and experts from the East African 
Community and the partner states, Kenya, Uganda and Tanzania and experts from 
the Food and Agriculture Organisation of the United Nations. 

After a period of active research from 1967 to 1972, the project 
had gathered substantial data. Economic studies indicated that the market for 
fresh fish was extremely limited, particularly for the rural areas which 
in most cases were unable to either consume or purchase larger quantities. 
Although trawling had been refined, there needed to be schemes to train 
skippers, engineers, deckhands and fish handlers. New processing techniques 
needed to be looked into and the potential for markets in neighbouring 
countries needed to be evaluated, particularly their requirements or projected 
requirements of fresh fish, processed fish and fish meal. 

On the basis of information obtained from the initial studies, it 
is now possible to plan for industrialised and commercialised fishing on 
Lake Victoria. In these investment proposals, it is essential to take into 
account the size of fish populations available for commercial exploitation 
and their characteristics! it is also desirable to plan the size of industry 
in accordance with available economic and social data. 

This last example indicates the need for research before undertaking 
investment plans, and this should cover all essential disciplines involving 
experts in economics, sociology, ecology and technology. The need for 
patience on the part of planners cannot be over-emphasised as most of this 
research takes a long timeo 
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TRAINING AND RESEARCH IN 
INSECT PHYSIOLOGY 

By 
Thomas R» Odhiamho, Director, 

International Centre of Insect Physiology and Ecology 

One of the most cataclysmic events that may well have changed 
the orientation of scientific research in the last decade was the publication 
of Rachel Carson's "book. The Silent Spring. It presented in stark, journalistic 
style the massive application of pesticides to the control of insect pests 
in farmlands and homes, the enormous and increasing problem of pesticide 
pollution in the environment, the worsening phenomenon of the development of 
insect resistance to pesticides, and the deleterious side—effects of pesticides 
on wildlife. There were factual errors in the book; there were also exaggerations 
and an apparent careful selection of extreme examples and not a few sober 
scientists objected to the method and tone of'the presentation. Nevertheless, 
Carson succeeded as never before in kindling public imagination concerning 
the insect pest problem and how the developed world was going about solving 
it, and many scientists acquired a new consciousness about the whole approach 
to pest control. 

So a new strategy for pest control was born, and an old insect science -
insect physiology - was recruited to help with this approach. 

DEVELOPMENT COALS AND INSECT PESTS 

African history, particularly in the tropical and sub-tropical 
belts, may well have been shaped to a large extent by the activities of insect 
pests. Sleeping sickness. East Coast fever, malaria, filariasis, locust plagues, 
armyworm infestations - to mention only a few insect pests - occupy a 
frequent and prominent place in the annals of oral history in Africa. Indeed, 
pestilences and plagues are one of the most reliable yardsticks that have 
been used in dating African history. 

Human sleeping sickness and a similar disease in cattle have been 
known in Africa for centuries. Six hundred years ago, a x-jritten description 
x-jas recorded by the contemporary Arab historian, Ibn Khaldun, as r lated by 
T.A.M. Nash in his book, Africa's Bane: The Tsetse Fly. (2) He relates the 
death of Sultan Mansa Sjata, who ruled over the great Melle Bnpire, whose 
capital was 55 miles south-west of Bamako, an area notorious even today 
for sleeping sickness. Ibn Khaldun xtfrote that in 1374-75 he met Honein Abou 
Abd1Allah-Mohammed-Ibn Ouacoul, "a man of proven veracity" who told him 
about the manner of death of Sultan Djata: 
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He was finally overcome by lethargy, a very prevalent disease 
in this country which attacks mainly people in high positions. 
This indisposition begins with periodic attacks and reduces, in 
the end, the patient to such a state that it is very difficult to 
keep M m awake for a moment. Then the disease becoma© permanent 
and kills the victim. During two years, Djata suffered the 
attacks 9 and succumbed in the year 775 iP-373 - 74/ ° 

Hash also relates the story of El Mansurs Shereef of Morocco9 who 
sent an army of Moors to capture the source of gold in the Songhai Empire, 
which lay east of Timbuktu,, After capturing Gao, the capital of the Songhai 
Enpire, El Mansur sent his Moorish general, Mahmud ben-Zergun, to pursue 
the rem®ant3 of the Songhai army down the Niger until they reached the Mekon 
river in the Borgue district of Dahomey. Here, General Mahmud suffered 
"terrible trials" and he lost his entire cavalry. It is thought the horses 
died of nagana8 carried by the tsetse fly9 Glossina morsitans. which is still 
prevalent in that country0 

The Africans in the sleeping-sickness areas knew that tsetse flies 
had a great deal to do with the disease. Nash states that Richard Burton, 
the explorer, in writing about the journey of Dr0 J. Kirk from Lake Tanganyika 
to the Indian Ocean coast stated? 

The only proof that the fly in question (by which I was often stung) 
kills cattle, especially cows, is the universal report of the natives 
of different and distant tribeso One of our cows died in Unyamwezi, 
and all who saw her declared it was the fly's poison. 

The 'natives5 may not have known that the causative agent of sleeping-sickness 
was a protozoan parasite transmitted by the tsetse fly at the time it is feeding, 
but they certainly had discovered the association between the tsetse fly and 
the diseaseoi-.o ••••• 

Similarly illuminating stories can be gathered about the other 
important pests of Africa. The salient point about these stories and historical 
events is that they illuminate the close association between the socio-economic 
history of Africa and the major insect pests. 

These agricultural, veterinary and medical pests have not ceased 
to be important in present-day Africa. Indeed, with the intensification of 
agro-business and the progressive villagination and urbanisation of the 
population, the problems have become increasingly acute and threaten to become 
endemic. We are all impressed by the fact that the greatest single natural 
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resource in a great part of Africa is land® But the greatest lesson we have 
learnt from the dawning 'green revolution' is not that we have the potential 
to obtain massive harvests from our land, but that we can only attain this 
potential by a scientific application of sound agricultural techniques, 
involving the extensive use of fertilisers, water, new seeds and above all 
plant protection methods® Otherwise, we only produce more crops to feed more 
pests. 

An interesting insight into how vital it is to consider all ecological 
aspects before launching into any large-scale biological application is seen 
in the effect of the introduction of fish farming in Western Kenya® Pond fish 
farming was introduced in the district north of Kisumu in 1957 to produce 
animal protein for human diet. The idea spread rapidly into other districts, 
and within three years more than 50,000 fish ponds were in existence. A 
serious side-effect of the scheme was a colossal explosion of the mosquito 
population, with Anopheles gambiae, the malaria carrier, being predominant. 
(l) We can therefore only neglect to consider the total environment and 
ecological situation at the peril of sustaining a serious ecological boomerang® 

In terms of the economic losses Africa and other tropical regioos suffer 
as a direct result of insect depredations on crops and livestock, ana in terms 
of the debilitation and health problems caused by the insect vectors of the 
many tropical diseases, insects emerge as a prime factor in the social and 
economic development of developing countries® 

In temperate regions, insects are not such a conspicuous element of 
nature® In the tropics, with their rich variety and abundance, insects 
certainly occupy a preeminent position in the ecological scheme of things. 
It would be impossible for the developing countries of tropical Africa 
to proceed with their development goals in any sphere where natural resources 
are concerned (except in the sea) without talcing special cognisance of the 
insect repercussions that are likely to accompany such activities, unless, 
of course, pest problems have been averted in advance® The launching of 
extensive irrigation schemes is likely to lead to an eruption of the 
population of several species of biting flies (not to mention of bilharzia 
and other water-borne diseases); the introduction of exotic trees for large 
afforestation schemes may well lead to the outbreak of extensive damage 
caused by insects that, previously harmless, suddenly become pests under the 
changed conditions of the environment J the expansion of the livestock 
industry to new pastures previously inacessible cannot be sustained 
indefinitely because of the heavy toll of tick-borne diseases (not to mention 
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the major killer, livestock trypanosomiasis or nagana) ; and the provision 
of new low-cost housing units to cater for the bulging urban population 
frequently leads to the intensification of mosquito populations (e.g. 
Anopheles funestus) which previously may have been rare. The list is a long 
one. The burden of the evidence shows that the insect pest problem must command 
more respect and attention from planners of socio-economic development. 

In these circumstances, what can we in tropical countries do to 
protect ourselves from the ravages of insect pests? 

STRATEGY FOR PEST CONTROL 

Most of the techniques used for insect control can presently be 
grouped under four headings: 

1. Cultural methods, in which we time or alter our agronomic 
or hygiene practices in such a way that insects are kept out. 
For instances, we have a strict closed season for cotton so that 
there is little or no carry-over of insects from one harvesting 
period to the next planting season. These are fairly cheap 
methods, but require a disciplined approach by individuals or 
communities. 

2. Biological control methods, in which insect parasites, predators 
or diseases are used to eliminate particular pests. One of the 
most instructive examples in this connection is the virtual 
control of the coffee scale insect from Uganda by the introduction 
to these insects of parasites from Kenya. Uganda did not originally 
have these parasites. A new effort is being made in many countries 
to control several moth parasites by killing them with a bacterium, 
Bacillus thuringiensis» Several agencies, including the 
Commonwealth Institute of Biological Control based in Trinidad, 
specialise in identifying biological control agents xfhich can 
be employed for the control of specific insect pests, and 
in carrying out field trials. So far, the full potentialities 
of this approach have not been realised. 

3. The scorched-earth approach to pest control. Probably, one 
of the most extreme illustrations of this technique is the 
traditional method of tsetse control which involves bush clearing 
(to alter the preferred environment of the insects), wholesale 
or selective elimination of xirild game (to get rid of the presumed 
resevoirs of the parasitic agent and to starve off the tsetse 
flies), the use of herbicides (to open up the tsetse habitat 



- 116 ~ IDS/OP 15 

for insecticide application and to provide a wide.open "belt 
across which the insects are supposed not to fly), and the 
massive application of insecticides (to kill off the presumably 
exposed tsetse flies). Apart from the tremendous ill effects 
that these techniques have on the environment, they have not 
resulted in a permanent solution to the pest problem and have 
at best only provided an interval of amelioration., 

4« • The fire-brigade approach. The discovery of D.D.T. at the 
beginning of the Second World.War was hailed as a 'miracle 
solution' to the pest problem. It did chart a new course in 
man's battle with insect pests, and the newer insecticides have 
added new weapons to this chemical armoury. However, with few 
exceptions, we have come to use insecticides as a club, without 
a deep understanding of the biology of the particular insect species 
involved. This chemical tool has therefore not been used as a 
sword, a precise fighting weapon. In any case, we have now discovered 
that most insects acquire resistance to these pesticides sooner 
or later. Consequently, they are not the ultimate weapon. 

A new strategy is required to find new techniques for pest control. 
It requires a deep knowledge of insect ecology, behaviour, physiology, 
biochemistry and the inter-relationships of insects with other organisms and 
the physical world. This is an enormous task of basic scientific research, 
although it should be oriented to the important final task of pest control. 
The design of an actual control technique comes later. 

All along, I have talked about pest control. I want to make it 
clear that this is shorthand terminology for a more complex thought. Until 
the end of the last decade, people glibly mentioned pest control, insect 
eradication or similar terms in discussing what we have really come to 
realise is pest management. It is terribly difficult to make an insect become 
extinct; we have not even succeeded in eradicating human lice from our midst, 
and in recent years there have been serious outbreaks of these pests in 
Denmark and Burundi. The best we can do - and what our scientific investigations 
should lead us to aim at - is to design new programmes of pest control that 
will ensure that the socio-economic importance of these insects becomes negligible 
and that this goal is reached without a major deleterious effect on the 
ecological balance of the total environment. 

The new strategy requires that we draw up a detailed portrait of each 
insect pest species, each of which will require an effort approximately as 
great as we have taken to know the cow, the sheep, the fowl, the pig or any 



- 117 -
IDS/OP 15 

of the animal or agricultural crops in which we are interested. How should we 
organise our capabilities for this (concentrated research effort? 

CONCENTRATED RESEARCH 

A thorough study of the physiology of individual insect pests is likely 
to give us some clues as to what functions are most likely to succumb to modifica-
tion thu6 leading to insect death or population decline. Such insights 
are only relevant to the ultimate goal and only feasible for investigative 
activity if the physiological questions are asked with a great deal of back-
ground in the natural history and ecology of the insect concerned. Any 
programme of research, therefore, requires that a multi-disciplinary team of 
physiologists, ecologists,behavio:ur:ists,biochemists, organic chemists, sensory-
physiologists and experts in other disciplines (e.g. fine structure 
epidemiology, parasitology, agronomy, public health, population dynamics 
and economics) work on the same insect pest so that the eventual outcome of 
the research is a balanced portrait of the insect, its ecological relation-
ships, possible pest management programmes and the cost-effectiveness of 
these programmes. 

A unique institution carrying out this sort of research is the 
five-year-old International Centre of Insect Physiology and Ecology (ICIPE), 
established originally as a result of the deliberations of a few scientists 
who felt an urgent need for new fundamental knowledge to make possible 
the design of new pest control programmes. I have provided elsewhere a 
short history of the establishment of ICIPEo (3) However, there are 
a number of ideas that went into the establishment of ICIPE which, in 
concert, make it a unique research institute in Africa and the rest of the 
worlds 

1. It is a high-quality research centre doing fundamental research 
on individual insect pests with the ultimate goal of designing 
novel, ecologically-acceptable control methods. 

2. It is deliberately sited in a developing country so as to 
provide an attractive focus to scientists from developing 
countries who would normally wish to go to the Northern 
Hemisphere for their professional advancement. 

3. The quality of the research work being carried out at 
the centre is monitored by a consortium of several academies 
of science who have developed strength in insect science over the 
years. 
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4o The research activities of ICIPE are guided by a number of 
the world's foremost specialists in one or another aspect of 
insect science who act as directors of research, and who hold 
open house in their own home laboratories for any of ICIPE's 
scientists who may go there for a short period to deepen their 
experience in any particular field® 

5® The ICIPE has appointed a small African Committee with 
representatives from all regions of Africa (except the 
dependent countries) whose mandate is to ensure that the 
research work of the centre is relevant to African problems 
and that ICIPE maintains high-quality training programmes for 
the technical and scientific staff of ICIPE as well as other 
interested institutions® 

6® The management should be predominantly indigenous, xtfhile 
maintaining international standards® 

It is probably the first time that an international institute8 with 
international funding and professional guidance, has been located in a develop-
ing country with the specific intention that it should generate new knowledge 
for a development-orientated approach and that it should strengthen the 
scientific community of the developing country so that, in time, it can 
be self-sustaining in that field as well as being a centre of high-level 
training for the rest of the x«;orld® In a very real sense, therefore, ICIPE 
is unique, and is likely to be a forerunner of other institutes in other fields 
of development-oriented research in developing countries® 

There are at least 300 insect species that are of crucial importance 
in the socio-economic development of tropical Africa® The first phase of 
ICIPE®s research effort, which began in 1972 and will run until 1976, 
cannot deal with all these species concurrently® There is presently a 
scientific staff of 35 comprising researchers in insect ecology, behaviour, 
endocrinology, physiology, sensory physiology, fine structure, organic chemistry 
biochemistry and parasitology, and this number should even off at 40 by the 
end of 1974® We reckon that with this staff, the present initial physical 
facilities and the available supporting funds, we can. best tackle a limited 
number of insect species and insect problems® We have therefore chosen five 
groups of insect - tsetse flies (for livestock 'nagana')8 Aedes aegypti 
mosquitoes (Yellow Fever carriers), termites(as grass-feeders), African 
armyworm (representing a serious continental migratory crop pest), and ticks 
(carriers of East Coast fever and swine fever) as the first target insects for 
a concentrated research effort® 
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The ICIPE®s fundamental approach can be exemplified by one of the 
projects in which it has initiated research* This is chemical communication 
among termites*- We know that the highly social termites (the so-called 
'higher termites') are almost blind, except the winged reproductives, yet they 
live in highly architectural mounds and nests, with a complicated set of 
highways and byways leading to sources of food and other places of 
interest outside the nesto It is now known that the greater part; of 
communication between the individuals of the nest (which may number 
several thousand, if not million) is effected through the medium of 
'chemical messengers® or'pheromones', perfume-like chemical substances which 
are employed by termites as a precise language of communication. All activities 
of the nest are in one way or another communicated by one or another 
pheromone0 The pheromones seem to be species-specific, or at least each one 
is only understood by a restricted group of species« The ICIPE is making a 
thorough study of this chemical language: the behaviour of termites when 
pheromones are released, the organs concerned in their secretion, 
development and regulatory mechanisms, the chemical identification of the 
pheromones, the manner in which the pheromones are sensed by the appropriate 
sense organs of the responding termites, and just how one can interfere 
with this chemical language.. If a breakthrough is made here it will be a 
major event, since other social insects, and indeed all insects, in a 
variety of ways employ distinctive chemical communication systems. 

What the ICIPE has accomplished in its first two years' of actual 
research indicates that we have a very good chance of reaching the objectives 
which were set out in April 1970, when inspite of many initial obstacles 
the ICIPE was established. The question arises whether we can sustain this 
effort and whether we can inspire others to do a similar job in other areas 
of endeavour relevant to development, 

TRAINING FOR INNOVATIVE RESEARCH 

In developing countries, decision makeas in the field of scientific 
research must do a tight-rope act: do tje carry out unrestricted basic research 
with the ultimate joy of discovery and without a conscious thought for its 
application, or do we choose to do technologically-oriented research? 
Do we say, as many eminent scholars and statesmen have said before us, 
that it would be cheaper to import technical know-how and stop trying to 
expand a small and inefficient local research community? Or do we agree with 
others that economic considerations alone are not compelling and argue for 
the nurturing of an indigenous scientific community which will itself not only 
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decide on its criteria for priorities and relevance but also on its application 
and self-generating capabilities. This sort of dilemma was well put by J.M. 
Ziman in the Rutherford Memorial Lecture which he delivered in December I968 

at the University of Delhi: 
In a country such as India or Pakistan, I can see no justification 

for shall we say the neglect of practical animal husbandry for the sake 
of research in pure physiology ... and I simply cannot -understand the 
intellectual snobbery of those silly people who give more credits for the 
discovery of another meson than for the design of a suspension bridge, 
and who cannot see that a zip fastener is a far more beautiful idea than 
a zeta function .... But the utilitarian argument against basic research 
can be carried far 0.0 A certain amount of fundamental research must be 
sponsored in a developing country . . c . 
The point I wish to make here is that this dilemma, first posed for pub-

lic criticism in C«,P® Snow's Two Cultures,, should really become a dead horse 
in developing countries. It would seem to me that the question should become 
unimportant and irrelevant once we accept that what we are seeking is 
development-oriented research, a point of view I have argued at some length 
elsewhere. (4) 

The point has been made many times in recent years that one major 
circumstance that results in the developing countries having Ph.D.—level scien-
tists doing irrelevant research is that these scientists are largely trained 
in industrialised countries with little regard for their areas of concentration. 
Consequently, any far-reaching training programme for high-level scientific 
manpower geared toward development-oriented research must take place within 
developing countries themselves. Governments in developing countries are so 
conscious of this imperative and they are allocating such a large proportion 
of their national income to university education, that this goal is likely 
to be reached in the foreseeable future® 

But there is a level of training for research which has scaT cely been 
recognised in developing countries, and least of all in Africa. This is the 
training of post-doctoral scholars to deepen their experience in a different 
environment for a period of one to three years. The United States of America 
adopted this system early in this century in a big way and was virtually 
transformed from a near scientific backwater to pre-eminence within a space 
of four decadeso Young American scientists flocked to Jurope (to Oxford, 
Cambridge, Paris, Heidelberg, Uppsala, the Karolinska Institutes in Stockholm, 
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Amsterdam and many of the eminent scientific centres of excellence of that 
time) and then returned to the U.S.A. fired with inspiration to do just as 
well. In forty years they did. Japan repeated this experiment later on® 
And now the ambitious young European scientist is more likely to pay 
homage to American science than to go for his post-doctoral experience in 
another European research institution or -university. 

African universities must intensify their postgraduate training 
programmes to produce the varied high-level scientific manpower the continent 
needs. But they must initiate and vigorously support a post-doctoral 
programme in which their bright and innovative young scientists are given 
a chance to deepen their knowledge during a specialist 'finishing school* 
period before they settle down to the serious work of scientific research. 
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APPROPRIATE TECHNOLOGIESi NOTES FOR DISCUSSION 

By 

J0F0 Rweyemamu, Dean, Department of 
Social Science, University of Dar-es-Salaam 

Any meaningful discussion of the subject of "appropriate 
technologies0 must start with a specification of either society's goals, 
i»e0 some form of a social welfare function,, or other embodiment in an 
industrial strategy© For if neither of these aspects is given one is bound 
to asks appropriate technologies for what, for whom, and by whom? In 
other words, the measuring rod of appropriateness must be situated in a 
given resource and environmental context and in a historical frameworko 

In what follows, certain assumptions are made regarding the social 
context in which the choice of technology has to be made© In particular it 
is assumed that the econoiny and society in question is both underdeveloped 
and small©1 As such, its major objective is to liquidate its underdevelopment 
by adopting a strategy that will transform it from dependency to maturity 

2 
with a minimum of human suffering© A fortiori, the industrial strategy in 
such a framework is part of the overall strategy of economic and social 
transformation© 

An industrial strategy consists largely of four separable elements© 
It identifies a list of industrial activities that must be undertaken© These 
activities are geared to satisfy the overall needs of economic transformation. 
Thus, for example, activities may be chosen because of their basicness to 
the economic system© Here basic activities are defined a la Sraffa, i©eo 
as activities which either directly or indirectly are used in the production 
of all other goods in the economic system©"̂  They appear on the last row of 
a triangular matrix of the combined current and capital input-output tables©^ 

I© For an analysis of the problems of -underdevelopment see especially 
16, 22, 59 249 17, and 8© 

2o For a discussion of appropriate strategies of economic and social 
transformation see 24, 17 and 22© 
3© See Pierro Sraffa (20) for an elegant examination of economic 
systems and basic goodso 
4o Leontief and Carter have discussed the internal structure of the metal 
working complex in their useful paper, the Position of Metalworking Industries 
in the Structure of an Industrializing Economy° (13) See also Simpson and 
Tsukui© (19) The latter authors discuss the existence of a fundamental 
structure of production which can be identified with basic goodso 
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Within the activities chosen, an industrial strategy must secondly 
specify the criteria for choice of techniqueso These decision rules must 
be designed to meet certain societal objectives, e»go industrial growth, 
income distribution, regional distribution, employment generation, 
minimisation of human indignities, etc0 

Thirdly, an industrial strategy must specify the form of institutions 
and organisation in which such a strategy must be undertakeno These may include 
problems of ownership and control, e®go it may be deemed desirable to establish 
organisational forms that minimise alienation, improve cooperation in the 

5 workforce, encourage the dignity of the working class, etc0 

Finally an industrial strategy must include an algorithm of 
sequencing the various activities over the entire planning time horizon® 
This is done to maximise the benefits of forward and backward linkages 
that are invariably brought about by the establishment of a pattern of industrial 
activities® Needless to mention that the choice of an appropriate planning 
time horizon is a political one implying definite relations between aggregate 
consumption and aggregate investment® (12) 

Hence the question of choice of technologies is only a part of 
the larger problem of industrial strategy, just as the latter is only a 
part, albeit a significant part, of the basic problem of social and economic 
transformation® 

Choice of techniques can be examined from various angles, viz® 
social-economic goals, resource endowment, environmental aspects and technical 
and economic aspects of the technology® Let us examine these aspects one 
by one® 

The major socio-economic goals of underdeveloped economies, apart 
from the overall need for socio-economic transformation, include rapid increases 
in per capita output and more equitable distribution of resources (personal, 
regional and interclass)® The major socio-economic issue arising from this 
has, however, been the generation of productive employment® It has been 
observed, for example, that the techniques of production that have been 
adopted by the underdeveloped countries have tended to be labour-saving, thus 
compounding the spectre of the urban unemployed and confounding the previously 
held dictum that promoting growth would also promote employment® (23, 3, 6 
and 21) 

5® It is possible to argue that certain organisational forms are 
related to choice of techniques® We believe, however, that organisational 
issues of industry are separable from technological choices® 
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The widely held view that promoting growth implies promoting 
employment was related to the neoclassical assumption that variations in 
capital—labour ratios were the consequence of factor price changes, and 
that the resource endowment of under-developed countries was such that 
capital was scarce relative to labour0^ The problematic issue of measuring 
capital was normally brushed aside© (See 9 and 27°) Despite the current 
interest in the measurement of capital, this paper will be concerned with 
certain implications of the conventional wisdom concerning the choice of 
techniques*. First, it is noted that the neoclassical view held that 
under the conditions explained, the choice of techniques in underdeveloped 
countries must be 1abour-intensive<= The economic rationale for this 
view is that static efficiency requires the equilibrium of marginal 
rates of factor substitution with the (implicit) wage-rental ratios, and 
to the extent that wage-rental ratios were assumed to be low in the 
•underdeveloped countries, more labour-intensive techniques had to the adopted© 

A number of explanations have been presented to explain the 
contrast between theoretical expectation and realityo One view invokes 
completely rigid technology in the face of which differences in relative 
factor prices would be irrelevant0 (4) Another view holds that factor 
prices are unduly distorted in underdeveloped countries© Among the 
reasons adduced in support of this are over-valued exchange rates, generous 
investment allowances and other policy pressures which artificially 
reduce the price of capital© Furthermore, it is claimed that minimum wage 
legislation and pressures resulting from the establishment of and growth of 
labour unions distort factor price ratios in favour of capital relative 
to labour„ (15) Still another view contends that the underdeveloped countries 
must expect to get factor-inappropriate techniques insofar as their factor 
endowments are different from the developed countries and they fail to 
establish capital goods industries© (17, p« 96) 

Despite research undertaken on the question of appropriate 
technologies in the socio-economic context of underdeveloped countries, 
it has not been possible to test the above hypotheses satisfactorily because 

6© All of this is admittedly based on restrictive assumptions (though 
the neoclassicisisdo not regard them so!) which include profit maximising 
behaviour, unlimited supplies of two (and only two) homogeneous factors 
of production, continuous possibilities of factor substitution in production 
and efficiently functioning factor price markets in each production location© 
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meaningful testing is inordinately demanding in its data requirements® 
Pull information would include specification of factor proportions of all 
known technologies at different levels of output,, market sizes in all relevant 
countries9 the technical possibilities of factor substitution in all relevant 
industries, fluctuations in demand and shadow and actual factor prices -
as they have been or they are and as they are expected to be0 Obviously 
most of this data is unavailable® Nevertheless it is useful to examine the 
above arguments In. greater detail in order to at least take stock of our 
existing body of knowledge on the subject before we proceed® 

In the first instance, it is reasonable to claim that despite 
the differences in factor endowments, technological rigidity is not a 
sufficient explanation for inappropriate technological choices for the 
underdeveloped countries® This is for a number of reasons® To begin 
with, even if one held a fixed^coefficients view of production functions 
within each industry, one would still expect the underdeveloped countries 
to concentrate on those activities which call for much labour and little 
capital® Secondly, there is sufficient evidence to indicate that, within 
some industries at least, considerable choice among technically efficient 
alternatives is possible® (14) 

If technology is generally flexible and the opportunity costs of 
labour and capital differ significantly between the developed and under-
developed countries (i la Arighi, 2) then the similarity of production 
techniques may be explained by deviations in the underdeveloped countries of 
actual factor prices from their true opportunity costs and/or by a failure 
on the part of decision makers to give full weight to prices in the factor 
markets® There is no doubt that factor prices deviate from their true 
opportunity costs0 Nor can it be denied that the policies of underdeveloped 
countries have the effect <§)f cheapening artificially the price of capital 
relative to labour® However, it cannot be asserted that factor price 
distortions are the cause of inappropriate technological choices unless 
it is established that decision makers are sensitive to variations in 
factor priceso 

A number of attempts have been made to estimate the elasticity 
of capital-labour substitution for developing countries, and the results 
from four relevant studies are shown in Table 1® With the exception of 
the time series estimates for Argentina, the figures shown are all impressively 
high, indicating a reasonable sensitivity to factor price changes® If these 
are generally representative of industry in underdeveloped countries. 
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they would tend to offer strong support to those who "believe that the 
deviations between the actual and true factor prices are the major cause of 
the disappointingly poor rate of growth of the industrial labour force 
in developing countries. 

Table le Elasticity of Capital~Labour Substitution 

Author 
Reynolds and Gregory 
Erikkson 

Harris and Todaro 
Katz 

in Developing Countrieso 

tries Elasticity 
Puerto Rico 10Q 
Argentina, Brazil, 
Colombia, Costa Rica, 
Mexico Qo7 
Kenya 0,8 

a b Argentina 1,0 9 0o3 

Sources C, St, Jo O'Herlifcy, "Capital Labour 
Substitution and the Developing Countries", 
Oxford Bulletin of Statistics^ p, 273, 
Vol, 34, Ho, 3, August, 1972, 

Notess a — "cross section9 
b — 'time series' 

Yet a number of studies do suggest that extra economic considerations, 
e0g, risk avoidance, appeal to modernity, established procedures and familiar 
techniques, explain the existence of inappropriate technology in the Tinder-
developed countries, (26 and 25) It has been suggested that the basis for 
such decisions is the pattern of ownership and control, though this view 
has not gone unchallenged, (17) 

The implication of these findings is that choice of techniques 
cannot be made independently of the choice of activities that must be..under-
taken in order to transform the economies of the underdeveloped countries. 
For techniques are embodied in capital goods industries. Once a machine is 
constructed, factor proportions determine output per unit of labour, since 
each machine requires a fixed amount of labouro There is, moreover, a close 
relationship between technology producers and users which facilitates the 
flow of knowledge between them, thus enhancing the embodiment of technical 
progress in capital goods. An important policy implication is for under-
developed countries to produce capital goods if they want to have appropriate 
technologies. 
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It should "be noted also that there is another school of thought, 
again based on neoclassical assumptiong8 which arrives at a contrary 
conclusion, namely that the underdeveloped countries should use more capital-
intensive techniqueso The argument is based on the influence of choice of 
techniques on income distribution and the size of the investible surplus, 
and hence its effect on growth of income and employment0 More specifically, 
it is argued that since capital intensive techniques imply a smaller share of 
output going to wages, they will yield a larger investible surplus and a faster 
rate of growth of employment0 (7 and 18) 

As Arighi and Bator have pointed out, this argument is based on 
a number of very restrictive assumptions which may not be valid for the 
conditions of the underdeveloped countrieso (l) Specifically, it assumes: 
(a) that the real wage rate is fixed whatever techniques of production are 
adopted and is constant through time, (b) that the reinvestment of the 
larger surplus associated with capital intensive techniques is feasible in 
the sense that either the productive capacity of the capital goods sector 
is sufficiently large to supply the capital goods required by such reinvest-
ment or foreign exchange is available to make up the deficiency of capital 
goods through purchases abroad, (c) that the reinvestment of the larger surplus 
is not only feasible but desired by whoever controls its utilisation, and 
(d) that the rate of saving is a function of the choice of techniqueo The 
pervasive influence of foreign enterprises in the underdeveloped countries 
implies that most of the above assumptions are not valido 

Professor Hirschroan also favours the adoption of capital-intensive 
techniques in the periphery, especially for large-scale ventures, in activities 
which must be maintained in top working order, in activities which must observe 
high quality standards for their output, in machine-paced operations and 
process-centred'' industrieso This is based on his belief that the modern 
technology embodied in capital equipment helps management in underdeveloped 
countries perform unfamiliar and uncongenial tasks and co-ordinate the 
internal activities of the firm, since it is precisely those management skills 
which are most scarce'invuMeMeveloped''countries® (10) However, in a later 
review of the import substituting industrialisation strategy, Professor 
Hirschman observes that the problem of the underdeveloped countries adapting 
to factor proportions x*as "an idle question under these circumstances; given 
the sequential pattern of industrialisation, there is remarkably little 
choice"o (ll) Professor Hirschman further points out incisively that 
"the very nature of industrial operations - their precision, the need for 
exact timing, punctuality, reliability, predictability and all-round 
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rationality - which, was expected, to infuse these same qualities into policy 
making and perhaps even in the political process itself", did not do so. 
(11, p0 12) 

A final theoretical issue concerning choice of techniques which 
needs emphasis concerns certain aspects of production relationso For 
example, it might he argued that, instead of considering the factor price 
frontier (the law of value problem), choice of techniques must be geared to 
minimising alienation, improving cooperation in the work force and encouraging 
the work force0 Here is a whole area of research that has hardly received 
attention0 
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INDUSTRIAL DEVELOPMENT AND POLLUTION IN MAURITIUS 
By 

Lo Hurpaul, Head of Environmental Health Unit, 
Ministry of Health, Mauritius 

FOREWORD 
This paper sets out to discuss the environmental problems involved 

in industrial growth in various parts of Mauritius and attempts to show that 
definite standards can be laid down for adequate industrial planning* 
Comparative case studies are presented showing some of the ways in which 
pollution occurs in urban and rural industrial areaso Its effects on water, 
air, plants and man have also been stressedo It is also pointed out that 
lack of sound development planning hampers the economic and social advantages 
that should result from industrialisationo 

INTRODUCTORY BACKGROUND 

Mauritius is a small island of 720 square miles off the eastern 
coast of Madagascar® Since the Second World War, with the virtual elimination 
of malaria, the population has increased at the rapid rate of 3 per cent per 
annum and now stands at 820s000® The climate of Mauritius is determined by 
its oceanic position and its location at 20° South in the belt of the south 
east trade winds 0 The winds blow strongly throughout the winter months of 
May to September, but in the summer months of November to April, they are weaker 
and veer east. Rainfall is markedly seasonal, particularly in the coastal 
region0 The wet season lasts from December to May and the driest from July 
to Octobero Rainfall varies from 200 inches a year over the central plateau 
to 40 inches on the northern coast0 The maximum night temperature during 
the hottest months averages 31°C, in winter it averages 25°Co 

INDUSTRIAL GROWTH 

The high population density has naturally created problems for 
the Mauritian economy which is predominantly agricultural with an annual 
production of about 700,000 tons of sugarQ Recent efforts have been mad® to 
diversify the economy away from its complete dependence on sugar., It was 
obvious that Mauritius could not rely entirely on one crop for its economic 
growtho Mauritius, like other developing countries, in its efforts to 
meet its growing population and employment needs has opted for a short-term 
benefit approach to development and industrial growth but not without much 
harm done to the environmento 

The developing industrial sector is of comparatively recent origin. 
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Up to the early 1960s industry comprised a small portion of the economy, 
and such manufacturing as the country then possessed was based mainly upon 
processing agricultural products such as sugar and tea. In the early 1960s 
government introduced a series of incentives and concessions designed mainly 
to encourage entrepreneurs to replace imported manufacture industrieso With 
a wide range of concessions and incentives, industrial growth started to take 
place0 

Prom the Census of Industrial Production undertaken in 1968 (See 
Table l) it was found that a total of 180 large establishments, outside the 
production of sugar and tea, produced almost excusively for the small domestic 
market, (l) 

Table 1. Growth of large establishments. 

Number of Establishments 
Industry Group 1967-68 Bi-Annual Survey 

Census March 1968 March 1972 

Mining and quarrying 4 4 4 
Salt 4 4 4 
Pood 18 17 33 
Bread 10 9 17 
Biscuits and confectionery 6 6 9 
Other 2 2 7 
Beverages and tobacco 19 20 20 
Distilleries 3 3 4 
Wine and beer 7 8 6 
Soft drinks 6 6 6 
Compounding of spirits and 

cigarette manufacture 3 3 4 
Textiles 8 9 4 
Aloe fibre and sack factory 8 9 4 
Wearing apparel 12 12 23 
Footwear 5 6 8 
Tailoring and shirt making 7 6 15 
Wood and furniture 10* 11 17 
Printing and publishing 18 20 24 
Rubber and leather products 5 5 9 
Chemical products 10 9 14 
Non-metallic mineral products 22 23 22 
Stone and concrete 19 18 16 
Other 3 5 6 

Metal products 11 10 19 
Repairs of non-electric machinery 10 8 6 
Repairs of electric machinery 4 5 5 
Transport equipment 24 17 20 
Building of transport equipment 4 4 5 
Repairs of motor vehicles 20 13 15 
Miscellaneous manufacturing 5 5 11 

Total 180 175 231 

Includes one establishment in paper and paper products. 
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The greatest number of establishments was recorded in the sector of tailoring, 
dressmaking and allied aetivitieso In addition, to support the housing and 
hotel expansion, construction and stone crushing establishments were erected 
haphazardly in all parts of the islando 

Because of the early success of industrialisation, emphasis was then 
placed on export-orientated industries during the last three yearso Two most 
important new industries which will replace substantial imports are under 
construction? a plant for the manufacture of 100,000 tons per annum of 
chemical fertilisers and a particle board plant with a capacity of 5»000 
tons per annum using bagasse as the basic raw materialo The prospect of 
setting up a plant with an annual production of 200,000 tons of cement is 
under consideration and will soon be implementedo 

LOCATION OF INDUSTRIAL DEVELOPMENT PROJECTS 

Industrial development siting has been geared towards solving 
unemployment problems and saving foreign currency0 The whole concept of 
development planning has been largely directed towards the increase of gross 
national product, rather than the broader definition of social and economic 
development and the integration of environmental planningo Frequently in 
the planning of industrial development most attention has been directed to 
the availability of cheap labour and the increase of employment likely to 
be created within the area concernedo 

With the exception of sugar mills and tea factories, virtually all 
industrial development has taken, place in the environs of Port Louis and in 
the Plaines Wilhems district0 It is more than likely that this industrial 
development will continue in Port Louis© The most important concentration, 
located one mile south east of Port Louis, is the Plaine Lauzun Industrial 
Estates where most of the light industries are establishedo Some 250 acres 
of tidal marsh have been reclaimed from the sea adjacent to the harbour, and 
this is likely to be reserved for the erection of noxious industrial plants, 
which include a chemical fertiliser plant, texile mills and food processing 
plantso It appears that the general policy favours the concentration of 
industries around Port Louis on the grounds that new industries, on which 
the growth of manufacturing depends, will be export-orientatedo All materials 
used must be imported and all goods produced exported, so that access to 
the port facilities will be an important factor in their locatione 

Industrial development outside the capital is mainly concentrated 
in a type of ribbon developmento Table 2 summarises details of industrial 



PHYSICAL PLANNING AND CONTROL IN RELATION TO INDUSTRIAL DEVELOPMENT 

In the early days around 1960, inadequate rules and regulations 
governing manufacturing activity resulted in anarchic industrial growtho 
At that time regulations only dealt with factory layouts and sanitary 
aspects and to a very little extent with the health of workers. They did 
very little to control the many harmful effects of industrial activities. 

It is proposed in the near future for the whole island to be 
declared a planning zone with the result that all physical planning for 
industry will be under the sole responsibility of a Town and Country Planning 
Board. Prior to this9 legislative authority has been allocated by the central 
government to the urban and rural authorities. In addition9 all industrial 
plans are approved by the Environmental Health Unit of the Ministry of 
Health. 

There is at present no adequate legislation to implement policies 
of environmental control. However9 the Environmental Health Unit in the 
Ministry of Health has been in operation nearly five years. Some of its 
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objectives ares 
(1) the quality control of water including approval of treatment 

works t 
(2) the quality control of effluents including air pollution, 

water pollution, liquid and trade waste? 
(3) the control of the sanitary requirements of all buildings in 

rural and urban areas; 
(4) sanitation and hygiene in food manufacturing plants? and 
(5) industrial hygiene and occupational healtho 

INDUSTRIAL POLLUTION 

The environmental problems of Mauritius fall into two categories: 
the problems arising out of poverty or the inadequacy of development itself, 
and the very process of developmente The problems in the first category 
are reflected in the poor social and economic conditions that prevail in the 
rural and urban areas and in the second category <t the problems are caused 
by uncontrolled industrialisation with its related health hazardso 

The scope of this paper does not permit discussion of all the 
details of the pressing social and economic problems of Mauritius, but it 
is hoped that the emphasis which is now being given to a more unified approach 
to development will result in a better recognition of the environmental problems® 

It is proposed to consider the environmental impact for some specific 
types of industries, or more precisely how the environmental consideration 
has been overlooked in their planning® As the process of industrial growth 
is still developing, industrial pollution has not yet reached alarming proportions 
in all areas® However, sporadic cases of environmental pollution occur from 
some of the new industries such as textile mills, a fertiliser plant and a 
cement plant® In addition, gross pollution has always been present from Old 
established industries such as sugar factories® These are discussed belowo 

Pollution from Sugar Mills 
The manufacture of sugar is the backbone of the Mauritian economy® 

Out of a total of 21 factories producing 700,000 tons of sugar annually most 
are located in the rural areas and many of them are within a few miles of 
the sea® (2) 

Sugar Mill Effluent Characteristics: Waste water flows and characteristics 
vary widely depending upon the size of a mill and the methods and processes 
used® Pew data are available on the quantity of water used by the sugar mills, 
but where sources of fresh water are abundant, mostly from nearby streams and 
rivers, water consumption can range from one to four cubic feet per second® 
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Few tests on the effluent characteristics have "been carried out, but physical 
observations have been made to assess the extent of pollution on the 
receiving waterso Gross contamination has been shown at points of 
discharge and further downstream prolific growth of aquatic plants. A 
survey of 103 sugar cane factories in India has indicated an average 
production of 300 gallons of wast® .water per ton of cane with a biochemical 
oxygen demand (B®0®D®) of 570 mg/l and total solids of 2,500 mg/lo As a 
comparison to show the pollution potential of sugar mill effluent, the total 
solid content in drinking water should not exceed 500 mg/l and the 3<.0®D® in 
a clean stream should be below 5 mg/l0 (5) 

Stream Pollutions The average amount of cane handled by a local sugar mill in 
Mauritius is 2,600 tons in 24 hours® This will give a daily waste water 
flow of 800,000 gallons and require 4»600 pounds of oxygen in the stream 
to assimilate the wasteo The effluent is frequently discharged directly into 
the nearest stream which within a few hours reaches the sea® Obviously, 
this short period of time gives the stream no chance whatsoever to purify 
itself by reaeration, and consequently the polluted stream water discharges 
directly into the sea with adverse effects on the beaches and the coastal 
waters® 

In addition, the sugar harvesting season lasts from June to December 
at a time when most of the rivers have a low flow as these months are during 
the driest period of the year0 Consequently, the rivers and streams receiving 
the sugar mill raw effluent provide little opportunity for dilution of the 
thermal wastes and thus there is heavy pollution at the point of entry into 
the streams0 From inspections made of streams it has been noticed that within 
a distance of about half a mile from the point of entry of the thermal 
effluent into the streams the aquatic life undergoes severe stresso Fish and 
other aquatic organisms are totally destroyed and the river bed is covered 
with a thick layer of sludge® 

At the same time the effluent from the sugar mills is rich in nitrogen 
content which accelerates the entrophication of the water in the streams and 
rivers® So, in many cases the whole body of water is choked by prolific 
growth of aquatic vascular plants® This is an ever-increasing nuisance to 
washerwomen and for other people who utilise the water-for domestic purposes and 
constitutes an actual and potential breeding place for mosquitoes® 

Another local example of the effects of sugar mill effluent has 
been the killing of fish by pollution of the water in a fish rearing lagoon. 
Had not appropriate measures been taken to pretreat the effluent, the fish 
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population would have been completely destroyed with consequent economic loss0 
Also, it cannot "be over-emphasised that with an ever-expanding tourist 

trade every effort should be made to control the discharge of raw effluent, 
consisting of floating particles of soot and bagasse, into the coastal waters 
so as to keep the beaches and sea-shores attractive and cleano 

Air Pollution by Bagasses Fibrous residue from the grinding and screening 
of particles from the sugar cane juice called bagasse amounts to 30 per 
cent by weight of cane processedo The average daily bagasse output per mill 
is of the order of 800 tonso Most of this is usually burnt in the boiler 
plant for generation of stream which provides enough power for the overall 
operation of the millo 

The soot and fly-ash escaping from the chimney stack is carried over 
several miles by the wind, depending of course on local meteorological 
conditions and topogr-aphyo These particles emitted from the chimney are more 
a nuisance than a health hazard as they are deposited into and around peoples® 
dwellings and soil the laundry that is left out to dry® The Environmental 
Health Unit receives large numbers of complaints from householders about soiled 
laundry and spotted surfaces of furnitureso One example of this nuisance 
was that the wind born particles of flyash and soot were reaching a nearby 
hospital and contaminating the wards and operating theatreo It was suggested 
to the factory management that water jet traps be placed at different chimney 
heights to try to minimise the escape of soot and fly ash into the atmosphere. 
Some reduction in the amount of particles escaping from the chimney was achieved, 
but because of the large amount of Tbagasse burnt and the high velocity of 
the flue gas, these rudimentary traps did not prove to be very effective and 
the nuisance unfortunately continues during the crop season. Effective 
control of this emission would require the installation of sophisticated 
dust control equipment such as cyclone scrubbers, the cost of which 
is far in excess of the financial capability of the factory managemento 
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Description of Locality 

•. ."M, '-'proposed emeafc • --plassft..:-:iuwiikut . • saraaal'"'©apacityy oof 
200,000 tons is to be located at Les Salines about two miles west of the city 
of Port Louis and about one mile west of the existing docking facilities 
in a densely populated residential area (population 10,000)© In the vicinity 
of the proposed plant site is situated the Robert Edward Hart Garden, a 
recreational park visited at all times of the year by local residents and 
touristso 

The Process 
It is regretted that the writer Is unable to furnish proposed details 

of the cement project, but it is understood that the cement plant will follow 
the standard processes of manufacture of the cement industry which shall be 
described. 

The raw materials used in making all types of Portland cement are 
calcium carbonate, which is found in the form Of' limes-tone, or chalk, and alumina, 
silica and iron oxide, found combined as clay or shale0 The first stage 
of the manufacturing process consists of mixing the clay or shale to a slurry 
with water and then with the chalk or finely ground limestone0 The sParry 
is screened and pumped to large storage tanks where it is kept agitated by 
mechanical stirrers or compressed air (in some cases both) pending its passage 
to the kilno The kiln is a long mild--steel cylinder with a refractory 
lining, supported on rollers so that it can rotate about its own axis, and 
erected with a slight inclination from the horizontal© The prepared slurry 
is fed contiimomlf into the higher end and moves to the lower end as the 
kiln revolveso The kiln is fired by pulverised coal blown into its lower 
end© As the slurry becomes heated it undergoes successive changes© First 
the water is evaporated? next the calcium carbonate is decomposed into calcium 

o 
oxide (quicklime) and carbon dioxideo At a temperature of about 1,500 C, 
incipient fusion occurs and the components of the lime and the calx combine 
to form calcium silicates, calcium aluminates and other compounds which 
together make up the cement clinker© The clinker is finally cooled and 
ground to a fine powder-© During grinding a small proportion - 4 to 7 per 
cent - of calcium sulphate (gypsum) Is added t© prevent the cement from setting 
too rapidly when usedo The different types of Portland cement are obtained 
by varying the proportions of the raw materials, the temperature of burning 
and the fineness of grinding© 
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Details of the Proposed Cement Plant 

Construction of a cement plant is considered highly desirable for 
Mauritius on purely economic grounds because the local demand exceeds the 
present imports and it is known that 90 per cent of the basic raw materials 
are available locallyo The consumption of cement for the year 1973 amounted 
to 155,000 tons and with industrial and building expansion the consumption 
has been estimated to rise at a rate of 6 per cent annually® 

The plant is to be sited at Les Salines where raw materials such 
as coral sand can be easily obtained® Coral sand, which amounts to 80 per 
cent of the basic raw materials for the manufacture of cement, will be dredged 
at the rate of 250,000 tons annually from the sea bed in the harbour area® 
Trachyte, a siliceous rock which is another ingredient in the manufacture of 
cement, will be mined at the rate of 20,000 tons annually from Piton du Milieu, 
20 miles away from the cement plant® Another 20,000 tons of gypsum and silica 
sand will be imported per year® 

The kiln will be fired by oil containing 3 per cent sulphur with 
an annual consumption of 28,000 tons® 

Environmental Hazards of the Proposed Cement Plant 

The proposed cement plant, however justifiable on economic grounds, 
appears to be a flagrant case of neglecting environmental considerations such 
as marine ecology, air pollution and zoning® These environmental consequences 
are discussed below® 

Potential Threat tott® Harbour Facilities; The -hydraulic dredging of some 
250,000 tons of coral sand annually from the sea bed between the harbour and 
the reefs surrounding the entrance to the harbour will most likely interfere 
with the natural balance and protection of the coastal area surrounding the 
harbour entrance® It is well known that the calm and sheltered waters in 
the harbour depend entirely on the protection afforded by the natural coral 
reefs surrounding the harbour® Removal of coral sand between the reefs and 
the shore could well jeopardise this protection® It cannot be said that the 
destruction of the reef would likely occur,but the risk is there, and should 
this happen the consequent cost of constructing breakwaters would be immense® 

Moreover, it is not necessary to emphasise the vital importance of 
the harbour to the economy, indeed the very existence of Mauritius® Experience 
of the cyclonic weather with heavy seas running from a westerly direction 
points to a grave risk from tidal waves and cyclonic surf if there is any 
interference in the harbour's natural protection® 
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Possible Damage to Marine Economys The proposed extraction of coral sand from 
the sea bed is not only hazardous to the safety and protection of the harbour, 
as already pointed out, but also dangerous because of the ecological changes 
that may occur to the marine environment® Coral reefs are important habitats 
for a multitude of marine life0 A large number and variety of fish species 
and invertebrates live amoBgst -these oeorsl reefs® Often species of fish from 
the lagoons as well as froaa th® ocean water spawn on or besides these coral 
reefs o Eggs larvae and juveniles of other types of fish are dependent on coral 
reefs for habitat, during their early stages of life® It would be expected 
that the fish and other marine organisms would be under severe stress in these 
regions with grave consequences to the fishing industryo It is also quite 
feasible that the removal of coral sand during dredging operations will adversely 
affect the growth of corals on the reefs0 

These ecological changes to the sea bed occuring as a result of the 
extraction of coral sand may extend a long distance away from the point of 
dredging® It cannot be stated here what damage Will be done to marine life, 
but it would be wise to preserve this marine life as Mauritius relies heavily 
on sea fisho 

Ex-peoteri Hazard from Dust- Fall-Outs The following points should first be mentioned® 
The pollution of the atmosphere by dust particulates from the cement kiln may 
have the following effectss 

(1) reduced visibility? 
(2) general dustiness in the area, 
(3) retarded growth of the vegetation? 
(4) nuisance to the inhabitants? 
(5) deterioration of exposed materials? 
(6) thermal pollution of atmosphere? and 
(7) health hazards to workers and inhabitants® 
The sources of dust are from crushing plants, grinding mills , at 

blending and transfer points and in the bag filling kiln® Saissions from the 
wet process of producing cement range from 15 to 50 pounds of dust per barrel 
of cement produced (4) (l barrel = 45 gallons)® Working with 30 pounds of 
dust per barrel of cement produced which is a typical value, the dust emission 
will be about 12,000 tons for the proposed plant capacity of 200,000 tons 
annually® Sulfur dioxide at the rate of 1,700 tons per year will also be 
emitted from the kiln as a result of burning oil® Ultra-fine particles 
of" this dust remain in the air forever,whereas the larger particles settle 
to the ground with time® According to the size frequency distribution of dust 
discharged through the kiln stacks, 70 per cent of the dust will be below 5 
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microns. This fine dust is more harmful to human beings since it tends 
to stay longer in the lungso 

Prom tests carried out in India at 10 cement plants, the average 
aii—-borne dust concentration at the cement mill of 3 factories was above the 
threshold limit value (T.L.Vo) of 1,750 parts per cubic centimetre (ppcc) <> 
However8the average airborne dust at the cement mill for all the factories 
was 1,214 ppcc which x*as below the ToL.V® of 1,750 ppcco (3) 

Rrom the foregoing It is obvious that the production of cement is 
a highly pollutisag industry. The most prevalent chemical constituents of 
the dust particles escaping from the kiln into the atmosphere ares calcium 
oxide (41 per cent) silicon dioxide (19 per cent) and aluminium oxide 
(9 per cent)o The balance would be predominantly carbon dioxide and steam® 
The high temperature of the stack plume may well render the dust abrasive and 
harmful to health0 

It is .hoped that with the installation of electrostatic precipitators 
in the cement kiln8 90 per cent of the dust will be removed® Although a good 
percentage of the cement dust can be trapped (90 per cent or more) by appropriate 
gas cleaning devices, the collection of dust from cement kilns is a difficult 
and expensive process® These facts are confirmed by the results of the survey 
of dust control measures in cement factories carried, out in India where 
electrostatic precipitators were working with very poor efficiency because 
of lack of maintenance and poor voltage regulation® 

Possible Pollution Threat to the City of Port Louies During the summer period 
there is a direct threat to Port Louis of dust fall from the cement kiln 
stack, especially during the months November to May when winds blow from a 
westerly direction about 20 per cent of the time® This will cause the dust 
laden air to travel Inland and reach the Port Louis city centre® 

Results from ten cement factories in India showed that the highest 
concentration of air- borne dust occur ed within one mile of the source® (3) 
It should be mentioned here that within a distance of one to two miles 
from the proposed plant are concentrated most commercial, administrative and 
many government buildings® It would appear that nearly all these buildings 
will be coated by the corrosive dust fall-out, with consequent harm caused 
to the residents and people coming to Port Louis® The harbour would not 
escape the dust fall-out during the summer months either, as it lies 1®1 miles 
due west of the proposed cement plant. Loading and unloading food commodities 
in the port might be seriously affected. 
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Detrimental Effects to the Robert Edward Hart Gardens The pollution effects 
of siting a cement plant in an area rezoned from "recreational land® 
to 'industrial zone" would seriously harm the plants in the Robert Edward 
Hart Garden0 Noise and dust emanating from the cement plant at a distance 
of ̂  mile from the garden would turn the place into a deserted area® It 
should be remembered that this garden is the only open and green space offering 
recreational facilities in this particular part of Port Louis® 

ENVIROHMMFLL ISSUES IN TEE IMDPSTRIAL DEVELOPMENT FEGQBSS 

It is possible that the various types of environmental problems 
which are of concern to Mauritius can be resolved to a large extent by the 
process of development itself® However, the experience of some developed 
countries has shown that unregulated industrial development can produce a 
lot of negative effects on the environment® Developing countries must 
therefore view the relationship between industrial development and the 
environment in a different perspective, so as to prevent similar undesirable 
conditions occuring® 

There is a tendency in Mauritius to equate industrial development 
with the narrowly conceived objective of economic growth, as measured by the 
rise in gross national producto Since the economic well-being of the country 
is uppermost in the minds of many industrial developers, the environment is 
sacrificed to the cause of quick development and is frequently considered 
of secondary importance® This approach is clearly shown in the case study 
of the proposed cement plant where, because of anticipated economic gains, 
environmental hazards, although of equal importance in the opinion of the 
writer, do not appear to have been given the serious consideration they 
deserve® 

It also seems to have been taken for granted by enterprises that 
the environment is a 'free good® which can be used and contaminated at will 
in the pursuit of high and quick profits® For the well-being of the people 
as a whole, the environment is part of a country's, real wealth and cannot 
be treated as a free source® Only in a planned economy can care be taken 
for the whole scope of environmental problems® It is important that a new 
emphasis be placed on the attainment of social targets as part of development 
goals® The redefinition of development objectives must include greater 
stress on income distribution and employment, more attention to social 
services and welfare-oriented public goods0 
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It is apparent that the current trend, in local industrial planning 
is for urban areas to become exclusively industrial and rural areas to 
depend exclusively on primary agricultural cultivation0 This kind of 
industrial development will most likely lead to polarisation into urban 
and rural economies and consequently accelerate migration of workers from 
villages to towns© This trend should be vigorously counteracted inspite of 
the economic advantages of concentrating industries in urban areas where 
infrastructural facilities are currently available© 

If the location and selection of industries are not controlled 
in the outskirts of towns, urbanisation will quickly become a pressing problem© 
The city of Port Louis, for example, spreading over an area of some 20 
square miles with an estimated population of 140,000, is already congested 
and overcrowded© It frequently suffers from shortages of water for domestic 
and industrial purposes© The influx of an estimated 60,000 workers entering 
the industrial labour market, mostly in the towns, will aggravate the existing 
housing and community hygieneproblems leading to more slums and will further 
strain the water supply situation© 

Furthermore, with the growth of industries the demand for public 
and commercial transportation will obviously increase with its well known 
consequences of air pollution, noise and high accident rates© Traffic is 
dense in Port Louis and most of the urban areas© It has also been observed 
that clouds of diesel smoke from the exhaust systems of commercial and public 
hire vehicles are formed during peak hours in Port Louis and environs© 

In the process of industrial development in Mauritius adverse effects 
to the environment can be avoided by sound planning© Sound planning means 
the balanced utilisation of land, air and water and of human resources for 
all purposes© It is true that economic activity, and in particular industrial 
production, consitutes the very basis of urban development, but it is also 
essential to ensure a healthy environment so that industrialisation may 
proceed under favourable conditions and the population may derive from 
it all the advantages hoped for0 

There are many advantages to be gained at this stage of industrial 
planning by incorporating all necessary measures that will safeguard the environ-
ment into relevant legislat ion for environmental control, including 
regulations to deal with urban zoning, location of industries, protection of 
natural resources and powers of enforcement where necessary© To conclude 
it is a well known adage that "Prevention is better than cure" but it is even 
more true to say "Prevention is cheaper than cure" in some of the circumstances 
outlined in this paper0 
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HUMAN SETTLEMENTS AND THE ENVIRONMENTS THE RURAL AREAS 
By 

A©L© Mabogunje and M©0©- Filani, Department of Geography, 
University of Tbadan 

This presentation is in two partso The first section, examines 
the general nature and. quality of environments in the rural areas, offers 
some explanations for the prevailing conditions and suggests areas of action 
where policy decisions and purposeful planning can ameliorate the low 
quality environments found in these rural areas© The second part presents 
a case study of a rural development project - the Niger Agricultural Project 
in Nigeria - which failed© Causes for this failure are examined in detail 
and suggestions are made as regards what could have been done to avoid failure 
as a rough guide for other future projects meant to upgrade low quality rural 
environments© 

INTRODUCTION 

The concern for the nature and quality of environment is becoming 
an increasingly important problem of interest both in the technologically 
advanced countries and the developing ones© Attention has often been drawn 
to the problems presented by the current trends in the growth of population, 
the difficulties of ensuring adequate food supplies for the human race and 
the continued strain upon stocks of renewable and non-renewable resources© 
The recent intense interest in environmental questions, howevers could be 
attributed partly to increasing urbanisation and our lack of satisfaction 
with the physical and social environments that the cities provide© For 
instance, the rapid growth of cities, most especially in the twentieth 
century9 has set in motion a range of nuisances which to many people have 
become quite intolerable© Such nuisances as atmospheric pollution, traffic 
congestion, crimes and the like are common phenomena not only in industrialised 
societies but also in the developing oneso Environmental problems are not 
confined to cities alone, they are also prevalent in rural areas of the world 
and, in particular, the rural areas of Africa© Generally, environmental 
questions have become political problems in many parts of the world as 
evidenced by the pronouncements and programmes of several governments and 
international agencies and the allocation of public funds to environmental 
planning© 

ENVIRONMENTAL PROBLEMS IN RURAL AREAS 
Environmental problems in developing countries are both urban and 
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rural in nature® They are problems which have arisen out of poverty, inadequate 
development and out of the very process of development itselfo In particular, 
the environment in rural areas is affected by mass poverty, malnutrition,, low 
quality housing, poor water supply, inadequate sanitation, prevalence of 
diseases, illiteracy and natural disasterso These problems are further 
compounded by the increasing wave of rural-urban migration and the poor 
perception of the rural areas not only by outsiders but by the rural inhabitants 
themselveso In the context of our concern for the human environment, these 
problems are no less than those of industrial pollution which clamour for 
attention in advanced countries0 

Certain patterns of economic development in developing countries, 
especially in Africa, seem to have aggravated the acute social and environmental 
problems in rural areaso It is common knowledge that the space economy of 
most of the African countries (if not all) revolves around a few urban centres 
which to a large extent were developed during the colonial days to achieve 
efficient organisation of an export-oriented economic system® Over time, 
this had led to the development of a marked' pattern of regional inequalities 
with these few urban centres developed out of proportion to the vast rural areas 
of the continent® Historically, such a spatial pattern of economic growth 
has, in many cases, been accompanied by excessive exploitation of the neglected 
rural areas by the few favoured urban centres, rising unemployment, greater 
inequality in the distribution of infrastructural facilities and an increasing 
poverty for large sections of the population in developing countries® This 
is more so when it is realised that these urban centres themselves are 
'parasitic0 rather than 'generative9 in the process of economic development 
in different countries® 

The predominant part of Africa's population (85 per cent) still 
lives in the rural areas® Often, these communities suffer from inadequate 
services of one kind or mother, contributing to the persistence of low levels 
of production and hence incomes0 Rapid population growth in recent times 
has tended to aggravate the problems and impose further strauas ©n rural 
resources® Yet there is a strong relationship between various facets of 
environmental quality and people's income levelso One can in fact almost 
assert that the higher the income level of a society, the better the quality 
of its rural environment® This is particularly true with regards to the 
provision of certain social amenities® 

As has been documented in all African countries, the per capita 
income of the rural population is invariably lower than that obtained in 
the urban centres® (6, p® 4) The economic gap between the rural and urban 
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areas continues to widen0 As a resultg tax "bases are larger in the cities 
and this is reflected, as would he expected- In their greater allocation of 
funds for the improvement of facilities such as schools8 water supply„ 
electricity and the provision of greater cultural and social amenitieso 
To this tax "base advantage is added the greater political pressures which 
urban centres can exert on policy decision makerso The low income levels 
of the rural areas,, in essence,, create low quality environments,, which in 
turn set in motion certain mechanisms which tend to accentuate urban-rural 
differences and aggravate the already low quality of life in these rural 
areaso Unfortunately,, these mechanisms„ once set in motion,, make it less 
likely that the low quality environment will be upgradedo 

CHARACTERISTICS OF LOW QUALITY ENVIRONMENTS 

Before discussing these mechanismss it is useful to analyse 
briefly some of the salient characteristics of the low quality environments 
in the rural areas0 The economy of the rural areas in most African countries 
is typically a subsistence agricultural economy and Is marked by little 
or no diversification and a low productivity levelo In many cases8 there is 
a concentration on a single primary product such as cocoa,, palm oil or 
groundnutso These are crops which are susceptible to world fluctuations in 
prices and demando Thus8 there exists an element ©f uncertainty in the resource 
base or income producing activities of the rural environmento 

Added to this is the Inadequacy of Infrastructural facilities and 
the continued heavy reliance on the use of traditional methods and equipment 
for production - shifting cultivation,, hoeing and the likeo These account 
not only for some waste in land resourcesg but also low productivity,, hence 
low income levels and low quality environments0 Even when production is 
meant mainly for home markets (foodstuffs in particular)„ inadequate accessi-
bility usually prevents regular movements of produce from villages into rural 
or urban markets0 Lack of transportation and communication means lack of 
information on the availability of markets and market price conditions,, 
factors which may exert direct or indirect constraints on the economic 
development, of rural communities0 The urban market structure itself quite 
often works to the detriment of the village farmer„ most especially when the profi-
teering attitude of the middlemen is taken into considerationo 

There are also natural disasters„ many-of which are quite difficult, 
if not impossible,, to forestailo For instance8-mpE®©@d@ated rainfall 
may intensify soil erosion problems,, and d?eiugfets&. locust invasions and other 
types of disasters have been known to cause untold destruction to crops„ the 
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failure of well-meaning development projects and the impoverishment of the. 
overall rural economy. These cause severe hardships and a further deterioration 
of the environment. 

The rural environment is also characterised by inadequate supplies 
of healthy drinking water. More frequently, the source of water is from a 
central point, usually a river at some distance from individual villages. 
Families may spend several man-hours per day in collecting enough water for 
their domestic needs. In some villages dug wells constitute the source of water 
supply. Shortage of water is a common occurrence in these communities, 
particularly during a prolonged dry season when both rivers and wells 
may dry up or the available water becomes grey-brown in colour. Thus, water 
is impure and there is virtually no chemical treatment whatsoever before drink-
ing takes place. This untreated water poses a health hazard since certain 
diseases are commonly associated with impure drinking water. Drinking impure 
water could adversely affect the productivity of farmers in the rural areas. 
For example, guinea worm infection, a debilitating water borne disease, can 
cause a farmer to lose a large number of man-days of farm work annually. 

Another critical characteristic of the low quality environment 
concerns poor housing conditions. We all know very well that, apart from 
food, shelter is a prerequisite for man's survival. Good housing can 
raise the morale, efficiency and productivity of workers. On the other hand, 
poor housing conditions can lead to unhappy family relations, ill-health 
and a high incidence of diseases. In many rural areas of Africa, housing is 
poor, defective in design and in the provision of sanitary facilities. 
(For a detailed discussion see 6.) Houses are still mostly traditional, 
designed in accordance with cultural heritage and traditional techniques. 
They are usually built by the local people who lack knowledge of modern 
construction techniques. Consequently, the rooms are small with little or 
no ventilation and overcrowding is frequent. The roofs are generally thatched, 
and just as leaking roofs create problems during the rainy season, the 
buildings also constitute fire hazards during the dry season. 

These characteristics pose a serious problem for regional planning 
in the rural areas. This is particularly so because of the way the 
characteristics are communicated by migration and the perceptual values 
people attach to the rural environment. 
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MECHANISMS PERPETUATING LOW QUALITY ENVIRONMENT 

The perception of rural environments and migration from them 
constitute two major facets of the mechanisms which render the upgrading 
of these environments difficult® These two operate in such a way as to 
sink the existing low quality environments further into the mire® 

The perceptions or "mental maps' that men hold of their environment 
are often critical in the formation of decisions which restructure the 
human landscape® Locational decisions about where to settle, where to 
locate industries, commercial enterprises and agricultural projects or 
what to grow are more often than not based on our perception of a given 
environment® Quite a number of studies of space preferences have been 
made and their results provide interesting evidence of how people perceive 
and evaluate geographical space in terms of residential desirability®^ 
A common message which pervades all the works on perceptual environments 
relates to the fact that in developing countries, rural areas (low quality 
environments) are generally unattractive areaso This message is very important 
when one considers that the attraction of growth incentive activities -
industries, commercial concerns OT large scale agricultural projects -
is highly dependent upon the ability to persuade certain management and skilled 
personnel to move to these low quality environments® Experience has shown 
that generally key personnel necessary for development projects are reluctant 
to move into rural areas® This makes it more difficult to introduce there 
those employment generating activities necessary to diversify the occupational 
structure and to inject money that could bring about better quality environments. 

The second factor, rural-urban migration, is equally important 
if not more problematic® What makes migration from rural areas particularly 
disturbing is its highly selective nature in "terms of skills, ages and 
education® More often, the younger, the better educated and the more highly 
skilled, who constitute the cream of the community, are those who migrate 
elsewhere. This group of people usually leave behind the older, the less, 
educated and the less skilled® The generally unattractive image of the areas 
prevents in-migrants from other areas from replacing the losses, and there 
remains a population composition which is unfavourable to social and economic 
development ® 

1. For a detailed Rtudy on perceptual environments see Gould 
,2), and also"; Saarimn.(4}., 



-- 225 - IDS/OP 15 

The loss of the most productive elements ir these areas adds a further 
dimension to their unattractiveness to potential industrialists and makes then 
less favourable locations for development projectso This loss also imposes 
burdens on those remainings whos in turn3 are less able to bear them than 
those who have lefto 

In short 5 the rural areas appear to be engulfed in a vicious circle 
of poverty in which one event perpetuates the otherB making any attempt to break 
this circle a herculean tasko As already argued in the early sections of this 
papera the problems of rural environments partly emanate from the very process 
of economic development in various countriese It is significant to note 
here that the solutions to these problems will have to depend on this very 
process which created them in the first place0 

POLICY ISSUES 

Upgrading the low quality environments in rural Africa necessitates 
conscious regional planning programmes and activities to rectify the 
imbalances and inequity in the previous development patterns0 The concern 
for these environments lust be treatsr as an added dimension of national planning® 
Purposeful planning at the national level should get down to the level of 
the rural villages and communities where development goals should be expressed 
in terms of a progressive reduction^ and eventual elimination,, of mass 
poverty& diseaseg illiteracy9 unemployment and inequality and the creation 
of a decent human environment0 (5) 

There are important reasons why measures have to be designed to 
eliminate inequality in environmental qualityc These are not only moral, 
that is the right of an. individual to have a decent living no matter where 
he lives3 but also economic and political0 It is clear that the problems 
of low quality environments can spill over into high quality environments and 
thereby reduce the quality or compound the problems of the lattere For 
instance,, as migration waves from rural to urban areas continue unchecked} 
the problems of the cities ax-e exacerbated and living conditions in them 
become intolerableo Social discontent and at times political upheaval may 
result from this situation,: 

It is thus the contention of this paper that the degree to which 
improvements in rural environments can be carried out depends on the extent 
to which planning is carried out to bridge the economic gap between rural 
and urban areas3 to make available to rural areas a diversity of employment 
opportunities and to introduce there those activities which would increase 
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the productivity of rural labour and hence the incomes of the inhabitants®. 
Some salient factors which become relevant in this regard are: 

(1) the decentralisation of services from the existing few urban 
centres and a more equitable spatial distribution of 
infrastructural facilities and other amenities? 

(2) a wide distribution of effective markets to ensure increased 
agricultural productivity in the rural areas? 

(3) siting of public investment projects to which the rural 
inhabitants and their economy can relate? and 

(4) effective integration of rural communities into the national 
planning frameworko 

One useful measure for preventing the alienation of rural inhabitants 
from well intended projects is to make local governments or local community 
development units participate more actively in national development plans® 
These units can be instrumental in promoting the constructive participation 
of citizens in development and themselves serve as building blocks for 
development efforts not only at the regional and national levels but also 
at the grass root levelo 

Within the rural areas themselves, there is always the question of 
where public investment and assistance, aimed at development, should be 
concentrated® Since it is practically impossible to locate amenities in 
every village and farm in the rural areas, it becomes desirable to create 
rural growth centreso These centres could provide suitable locations for 
the processing and craft industries mentioned earlier, for infrastructural 
facilities and amenities such as electricity and pipe;', borne water, schools 
and health centres® They will also serve to upgrade the low quality 
environment and make it more attractive to the professional workers and 
potential entrepreneurs necessary for economic development® Above all, 
the growth centres would become readily available markets for agricultural 
produce, especially foodstuffs and perishable goods® They will also reduce 
rural-urban migration since the potential migrants who might have acquired 
a certain amount of professional training can now stay and look for employment 
in their home areas® 
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CONCLUSION 

Several questions have been raised in this paper concerning 
low quality environments in the rural areas. The close relationship 
between income levels and environmental quality has been highlighted. 
We have noted that the poverty of rural areas is underlined by the lack 
of diversity in their economy, the inadequacy of their infrastructural 
facilities and the insufficient amenities, all of which have been 
created by the very process of development in developing countries. 
This poverty is further compounded by certain mechanisms which seem to 
hinder possible regenerative processes. Particularly critical here are 
the negative perceptual values attached to the rural environments which 
deter the establishment of potential activities for economic diversification 
or regeneration, and selective migration which deprives the rural areas 
of their most productive and educated elements. 

It is also argued that improvement of environmental quality in 
these areas is of critical significance and an indispensable strategy for 
any purposeful national or regional planning. In such planning, economic 
development programmes must be combined with policies of social development 
designed to make low quality environments more attractive to personnel required 
for generative activities. In order to accomplish this, it is suggested 
that rural growth centres be created to serve not only as effective markets 
for the predominantly agricultural population, but also as suitable locations 
for agro-industries and facilities such as education, health centres, piped 
water and other amenities hitherto concentrated on the few favoured urban 
centres. 

CASE STUDY OF THE NIGER AGRICULTURAL PROJECT 

The problems of rural areas of Africa have been the focus of a 
good deal of public concern and comment. Unfortunately, these problems 
continue to persist and in some cases they multiply daily. Few rural 
development schemes from the colonial era to post independence periods in 
various countries have been more than doubful successes, and several have 
been staggering failures. For example, while the Gezira scheme in the 
Sudan could be sited as an example of a successful agricultural project, others 
such as the East African Groundnut Scheme, the Kariba Dam Lake area scheme 
and the Niger Agricultural Project, to mention a few, are examples of those 
which have failed. In this action we present a case study of one of these 
development schemes - the Niger Agricultural Project - which failed. 
Reasons for its failure are treated in detail and suggestions are made for 
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avoiding the mistakes of the past in any future endeavour of this type. 

The Niger Agricultural Project was one of the many regional 
economic development programmes undertaken in Nigeria to increase the 

2 
income of farmers by raising agricultural productivity. It was initiated 
in 1949 with the main objective of developing vast areas in the relatively 
sparsely populated region of Nigeria known as the 'Middle Belt.' The project 
was based in Mokwa, a small village about 520 kilometres north of Lagos-
and 40 kilometres north of River Nigere This area was declared a Settlement 
Area by jhe government and a limited liability company - the Niger Agricultural 
Project Limited - was formed to operate the agricultural scheme on ito The 
scheme's capital of N 900,000.00 was subscribed in equal parts by the 
Colonial Development Corporation and the Nigerian government0 The Company's 
function was to clear the land and to plan and control agricultural operations. 
The settlers (farmers) were to weed, plant and harvest the crops. These 
settlers were to be peasant farmers attracted only from the more densely 
populated localities in the emirates where the project was situated. For 
political reasons settlers outside these emirates were discouraged and steps 
were taken to induce those from within the emirates to move to the project 
site. 

The project aimed at increasing the production of groundnuts for 
export and of guinea corn (sorghum) for local consumption. It was 
also meant to introduce and demonstrate better methods of farming to the 
settlers. These methods8 however9 demanded a high degree of mechanisation, 
requiring strict control by the management of the farmers' activities. The 
harvest from each settler's farm was based on a share cropping system under 
which the Company was to receive two-thirds of production in cash or kind 
for services rendered while the settler took the remaining one-third of the 
reward for all his efforts. 

Originally ten settlements of eighty families each were to be 
established with each family having a farm of 15 hectares of which 5 
hectares would be fallow at any one time. This size of holding was later 
increased to 19°5 hectares so as to allow 9.8 hectares to h© fallow instead 
of the original 5. It was envisaged that mechanisation would make cultivation, 
weeding and harvesting of the remaining 9.8 hectares by individual settlers 
possible. 

2. For a detailed and comprehensive review of the project see Baldwin 
(l), and for a comparison of the project with the Gezira Scheme see Mabogunje 
(3). 
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The first settlement of 79 farmers was established in 1951« The 
number of settlers increased to 135 in 1952, and 163 in 1953, while the 
acreages cleared increased from about 810 hectares in 1949 "to roughly 
4,000 hectares in 1953® Unfortunately by then, after only three years of 
operation, it become clear that the project was not and could not be 
in the near future a financial success. In 1954? "the Company was liquidated 
and both the central government of Nigeria and the Colonial Development 
Corporation withdrew from the scheme. The then Northern- Nigerian Regional 
Government purchased the Company's assets and carried on the scheme until 
1959 when it caased to function. 

Reasons for the Project's Failure 

In Baldwin's view, the Niger Agricultural Project symbolised "the 
gulf between the world of ideas and practices in which the decisions which 
led to the development of the Mokwa project were conceived and the totally 
different world of ideas of the peasant whom it was hoped successfully to 
incorporate in it as settlers", (l, p. Vl) To him, the project in essence 
"did not evolve at a pace suited to the human and environmental circumstances 
as to establish by trial and error a new pattern of economic and social 
endeavour", (l, ps VI) In the note attached to Baldwin's study the Colonial 
Development Corporation admitted that "if one factor predominates, it is 
the surprising andiatal ignorance in which the scheme was planned, and started; 
hence most of its mistakes, hence the failure". (1, p. XIIl) 

The failure of this soheme could not be ascribed to the inefficiency 
of the liability oompany which, as was generally agreedj managed the project 
well and economically. In fact, quite a sizeable proportion of the Company's 
staff were recruited directly from the Gezira scheme, a similar project which 
succeeded® These men were experienced and were very knowledgeable about this 
type of scheme, but their competence was inadequate to ensure Success here. 
Reasons for the scheme's failure are many and varied and we can generally 
categorise them under six major headings - initial planning, inadequacy of 
looal knowledge, use of machinery, problems of overhead coats, nature of 
innovation and human problems. (3, P« 392) 

On the initial planning Baldwin argues that the rejection of the 
use of paid labour by the Nigerian government, especially in the initial 
phase of the project, was a major reason for failure. Southern labour was 
discouraged and the failure to attract non-Nupe- labour meant that labour 

5, 1 ?he local inh'ibii4aht'te"oi' tli'i area'viM̂ 'y'tJhe' pro:j«ot was located are 
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had to he sought in an area (Bida and Kontagora emirates) where there 
was no surplus of persons seeking eaaployraent © Thus, the scheme had to depend 
on induced labour from these emirateso This was sometimes done by administrative 
action which in many cases either failed or was not adequate. He also argues 
that the failure to use paid labour prevented the scheme from having time 
to collect data on such items as choice of crop, the variety, the dates, use 
of fertilisers, weed control, practicable size of farm holdings, suitable 
types of tractors and cost of mechanised operation - information which could 
have been very useful as guides not only to the project initiators but also 
to the settlers. 

While the Company did its best to obtain such information about 
local conditions especially at the higher level9 little attempt was made to 
utilise the local farmers' knowledgee It is important to note that a 
project of this type, to be successful, cannot completely ignore the mental 
outlook and deeply rooted habits of thought and activity patterns which the 
local farmers have acquired through centuries of development. These habits 
have produced in these farmers a general philosophy and psychological frame 
of mind which often influence their attitudes towards their livelihood. 
At Mokwa, however, the local farmers' reservoir of knowledge about the 
customary sizes of farm holdings, crops grown, yields obtained, labour units 
and amount of work performed seemed to have been completely ignored by those 
concerned with the project. 

Baldwin considers the use of machinery uneconomical given the 
type of soil and vegetation cover, the limited range of work to be done 
and the shortness of .he working season. In this area, the prolific 
lateral root system just below the surface of the ground caused severe 
damages, and losses due to breakages of agricultural implements. Problems 
of overhead costs were related to these breakages in terms of the distance 
of repair and maintenance facilities for the machineso 

On the factor of innovation itself, Baldwin argues that the undue 
haste in which the scheme was launched and implemented did not give the 
farmers enough time to satisfy themselves that the new methods were better 
than their traditional ways0 Moreover, the new system was not clearly demon-
strated to the farmers to be a better finacial proposition. 

In assessing the human problems that confronted the scheme, Baldwin 
identifies certain issues which he considers crucials-

(l) the ignorance of the project initiators about the local people's 
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perception of the Mokwa environment where the project was 
situated® The Mokwa district had never been regarded highly by the 
Nupe farmers® They had noticed that water was scarce and they 
considered the soil to be poorer than that in some other areas 
where they could go® Above all, Mokwa itself was regarded as 
very remote and isolated from Bida, their capital, which is about 
135 kilometres away? 

(2) the settlers were chosen from Bida and Kontagora Hnirates. 
These were areas where the people had more than enough land 
for their needs and from which they had no desire to move; 

(3) in exchange for their old villages and behavioural patterns, 
the settlers were offered places in artificial communities where 
they had to forge a new way of life both in the social and 
economic fields® The houses that were provided in the model 
villages were radically different from the settlers3 origins."' 
homes and were so far apart that people who had been neighbours 
and relatives before were physically separated; 

(4) the settlers did not feel the produce belonged to them. There 
was considerable misunderstanding and suspicion among the local 
people that the project was an ordinary European commercial 
concern meant to exploit them. The share cropping system 
created mutual suspicion between the settlers and the management? 
the settlers felt they were being cheated while the management 
thought that the settlers were the ones oing the cheating. 

Thus, the Niger Agricultural Project failed in achieving its intended 
objective to upgrade the low quality environment in the Mokwa district. 
It was a scheme in which, at the same time that new techniques and innovations 
were being introduced to farmers, changes in their social habits were also 
being superimposed on them. For the settlers, therefore, a serious ecological 
problem arose from their wholesale transfer from one locality to another for 
which their perceptual values were low. As Mabogunje remarked, "by taking 
settlers who had no desire to move and whose roots in the previous society 
were not severed by other means, such as a loss of right to land, in their 
village, the scheme from its inception doomed itself to failure'', (j, p® 392) 
In terms of the model strategy for development, he went on, the scheme fails" 
because "there was no adequate unfreezing of the existing societal 
organization; only half-hearted attempts were made to move to new levels and 
scarcely anything was dona to freeze group life at the new level"® (3, P« 392) 
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For instance, land tenure laws were not dealt with by the government beyond 
declaring the Mokwa district a settlement areao The restriction of the project 
to Bida and Kontagora emirates itself did not involve the whole society, but 
people selected by the village headso Those selected few continued to retain 
ownership of and allegiance to their lands outside of the scheme and could 
return to their former villages as a last resort0 Thus, strict discipline, 
required to make the people work well, proved ineffective when they had alternative 
occupations open to themo 

The Mokwa experience is a lesson on the importance of preserving 
traditional institutions, if only at the initial stages of such development 
projects, until new ways of life emerge and the local inhabitants are mentally 
and physically prepared to accept the innovationso Schemes such as the 
Niger Agricultural Project must be planned in such a ray as to introduce 
changes gradually rather than by the usual radical attempt at changing over-
night the local farmers® long established behavioural patternso This project, 
even though a commercial failure, has shown the many questions that must be 
asked before the establishment of. similar kinds of mechanised agriculture 
and settlement schemeso It serves also as a reminder that schemes of this 
type must be planned in a way that the local inhabitants can easily identify 
themselves with the schemes in terms of their social, political and economic 
environment s « 
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NONRENEWABLE RESOURCES AND THE ENVIRONMENT IN AFRICA 
By 

William Hance, Professor, Columbia University 

Until quite recently few people in Africa gave much consideration 
to the environmental impact of resource utilisation on that continento 
Today there is heightened awareness that there are costs attached to the 
consumption and use of resources beyond the simple costs of extraction 
There are opportunity costs, because once a resource has been used for 
one purpose it is no longer available for another, and there are costs 
related to deterioration of the environment. The main purpose of this 
paper is to examine the ways in which the extraction of raw materials 
may have undesirable effects on the environment. But an effort is also 
made to relate this topic to broader concepts of resource availability 
and use0 

DEFINITIONS 
Resources can be defined in a narrow sense as tangible things 

consumed by man, or even more narrowly as raw materials. Neither of these 
definitions is satisfactory today. One must adds space in all its contexts, 
health, social harmony, knowledge, freedom, etc. And one must recall that 
man's own wisdom is the prime resource. Thus it is more accurate to define 
resources as the total environment of man. It should also be noted that 
a resource pre-supposes a person. Resources are not just things or sub-
stances; they are also functions which these things may perform or 
operations in which they may take part. But human culture rests on a 
basis of physical reality and nature sets the limits within which man can 
develop his arts to satisfy his wants. 

The distinction between renewable and non-renewable resources 
is not as simple as it may first appear. The definition of non-renewable 
as 'once used, no longer available' is too rigid because of the possibility 
of recycling. As pointed out by Price, while the concepts of renewable or 
non-renewable 

are relative to human time; both break down on a geologic or 
astronomic time scale. Renewable resources can be managed to 
provide an annual production or flow for an indefinitely long 
period. Non-renewable resources are the finite stocks of 
minerals which, once used and dispersed, are henceforth un-
available. (30, p0 241) 
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But as he notes, there are overlaps® Many flow resources can he destroyed 
(e.go, soils, groundwater, plant and animal species, ecosystems, the 
heauty of the landscape). Some stock resources can be replaced by flow 
resources (e®g., fossil fuels by solar energy), and others can be re-
placed by other stock resources which are so plentiful as to be practically 
flow resources (e.g., silica for metals, building stone for steel). 
Plow, finally, sometimes depends on stock as in the dependence of 
agricultural output on inorganic fertilisers or pesticides. 

"While it is important to understand these concepts, it is necessary 
to restrict the coverage of this paper to non-renewable mineral re-
sources to avoidencroaching on others' topics and because of the limitations 
of space® 

THE IMPORTANCE OF MINERALS TO AFRICA 

The African share of world mineral production is summarised in 
Table 1, which reveals its predominant significance for such minerals as 
diamonds, gold and cobalt and its important share in world output of 
platinum, vanadium, manganese, chrome, antimony, copper, tin, phosphate 
rock and uranium oxideo 

The dependence of individual African countries on minerals varies 
enormously, as is indicated by Table 2, and only a few countries account 
for the vast bulk of African mineral exports (Libya, South Africa., Algeria, 
Nigeria, Zambia, and Zaire). Of 51 political units, including 10 not 
listed in Table 2, 13 have the majority of their exports in minerals, 
7 have from 25 to 49 per cent in minerals, 7 have 10 to 24 per cent 
of exports in minerals, 9 record mineral exports at from 1 to 9 Per cent, 
and 15 have nil or negligible mineral exports. 
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Table 2. Mineral exports as share of exports of selected African countries. 

Country Year 

Algeria 1972 
Angola 1971 
Botswana 1971 
Burundi 1970 
Cameroon 1971 
Central African 3=970 Rep. 
Chad 1971 
Congo 1969 
Egypt 1970-71 
Ethiopia 1970 
Gabon 1971 
Ghana 1970 
Guinea 1971a 
Kenya 1970 
Ivory Coast 1970 
Lesotho 1971 
Liberia 1971 
Libyp 1971 
Madagascar 1971 
Malawi 1970 
Mali 1971 
Mauritania 19&9 
Morocco 1970 
Niger 1972 
Nigeria 1970 
Rwanda 1969 
Senegal 1972 
Seychelles 1971 
Sierra Leone 1972 
Somalia 1971 
South Africa 1972 
South West.Africa 1971 
Sudan 1971 
Swaziland 1971 
Tanzania 1970 
Togo 1972 
Tunisia 1972 
Uganda 1970 
Upper Volta 1971 
Zaire 1970 
Zambia 1971 

Percent 

66.2 (oil only) 
39.7 
22.2 
1.0 
8.6 

40.8 
(aluminum from imported alumina) 

17.3 (including diamonds of foreign origin) 
3.6 

54.4 
17.6 
72.0 
0.5 

1 8 . 4 
74.2 
99.8 
8.1 

8 7 . 0 
32.6 
17.3 
61.9 (in 1972, petroleum only, 81.2) 
42.1 
11.1 
0.1 
76.6 

6 5 . 6 

55.3 
32.1 
12.5 
37.3 
39.0 

8 . 4 

(petroleum, phosphates only) 

76.0 (copper, diamonds, tin only) 
9 8 . 4 

nil 
a estimated 

Source; U,.N. World Trade Statistics 1970» New York, 1973. 
I.M.P. Financial Statistics, uctober 1973-
National statistical sources. 
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The fact that many African countries are heavily dependent on 
minerals for providing the means to promote economic and social develop-
ment and the knowledge that minerals are wasting resources have contributed 
to several significant politico-economic trends. The desire to benefit 
as fully as possible from a non-renewable resource helps to explain the trends 
toward national participation and ownership in mineral exploitation, the 
further processing of minerals before export and the call by some for confisca-
tion of foreign holdings and/or the withholding of resources until such time 
as the owner-nation can utilise them itself. This is not the place to discuss 
development strategies, but it is pertinent to note that any study of the 
impact of resource use on the environment must include an assessment of the 
impact of the rate of consumption® At the same time it should be recognised 
that no nation can be independent in its supply of raw materials and that the 
role of natural resources differs with the stage of development. In 
the developing process they are important as a source of capital accumulation 
and an engine for economic growth; later they play a less important quantitative 
role as capital and technical and managerial knowhow become more important. 

THE SUPPLY 0? MINERALS 

Since the consumption of minerals has an undeniable impact on 
the environment it is appropriate to summarise as concisely as possible 
the arguments regarding the possible supplies of mineral resources, where 
one finds a sharp dichotomy between those who-may be loosely termed the 

1 2 pessimists and the optimists . Those who support the 'limits to growth' 
arguments state that resources are finite and cannot sustain an indefinite 
exponential growth. 

Whatever one may conclude with respect to the validity of the 
conflicting claims regarding resource availability, there is wide agreement 
that there is a need for the adoption of conservation policies to prevent 
waste and reduce pollution. There is also increasing support for developing 
what Maurice Strong calls a new 'low-energy life-style' (New York Times, 
November 22, 1973), and for a more equitable sharing of available resources. 
Defining waste presents certain problems, however. Exhausting a resource 
without using it, as when gas from an oil field is blown or burnt off, is 
clearly waste. Leaving half of the coal in a seam to permit lower-cost 

1. See for example an article in The Ecolng-ist (l), Commoner (4) and 
(5), the Ehrlichs (10) and Meadows et al. (23) 
2. See for example ghe Economist (9), Kaysen (17) and Cole et al. (3), 
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mining may also be wasteful. But is it wasteful to use a scarce resource 
for a purpose that might be fulfilled by a more plentiful resource (e.g., 
burning gas rather than coal to produce electricity, using copper for decorative 
purposes which have no relationship to its qualities of conductivity)? The 
problems of how to determine the highest use for a given material and how 
to restrict its consumption for that use are likely to be extremely difficult, 
especially since we cannot predict with any certainty what technological and 
resource use changes will occur in the future. Assuring the efficient use 
of a given material is difficult because it may involve more man hours and a 
higher cost than the current value of the material conserved. 

While it is difficult to define.and enforce the concepts of waste 
prevention and efficient use, there are constructive steps which are 
appropriate in resource utilisation. These, are such steps as substituting 
renewable or plentiful resources for -the exhaustible ones (e.g., natural 
rubber for synthetic rubber). However, the use of much greater energy inputs 
to unlock minerals from lower grade rock is not seen as a way out because 
it iTOuld increase the rate of consumption of other resources and increase 
pollution in one way or another, especially the emission of an intractable 
amount of waste heat. 

The optimists counter the 'limits to growth* proponents by claiming 
that they use models that are too simple, do not allow for technological 
advances which are also exponential, take no account of adjustment mechanisms, 
lack realism in projecting from present or recent trends and are too naive 
in calling for a radically new social order. The focus on exponential curves 
is also criticised because this suggests that whatever efforts are made now not 
to be wasteful really give only another few years at the end. Landsberg 
suggests that "one cannot have it both-ways: if added reserves don't matter, 
neither does frugality in consumption". 

More positively, the optimists note that resources are not fixed, 
that the ability to exploit lower grade deposits enormously increases available 
reserves, that very low cost energy will indeed unlock vast resources and 
may even permit extraction of minerals from more or less common rock, that 
we may expect technological developments and resource discoveries impossible 
to foresee and that the ability of man to react to dynamic problems is very 
great. 

The attention focused upon shortages of specific materials has 
also been questioned as being unrewarding, because of the enormous 
scope for substitution and because the kinds of cost increases involved 
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are manageable without disruption. Examples.of sustitutions are 
legion, and it is true that raw material prices, with some exceptions, 
have more often reflected a tendency toward over-production that toward 
a short supply. Some suggested steps, are to make materials work harder (e.g., 
avoid built-in obsdlescenceare-use- containers instead of using throwaways, 
strengthen steel with alloys); give.materials a second life through recycling 
(e.g., more effective recovery of scrap̂  conversion of waste into usable 
materials); give greater attention to research designed to bring submarginal re-
sources into use and tofinding use for abundant minerals; and synthesise new 
materials. 

Thus far attention has been given to those aspects of resource 
utilisation which relate to supply and efficient use, since the rate of 
consumption has an impact on the environment. It does not follow, how-
ever, that the impact is in direct relation to the level of output since 
improved technology should be designed.to-reduce undesirable effects 
more rapidly than the rate of production rises. It is now appropriate to 
turn to an examination of the more specific aspects of the environmental 
impacts of mineral exploitation. 

THE ENVIRONMENTAL IMPACT OF MINERAL EXPLOIT ATTON 

There are priorities in considering the impact of mineral 
exploitation, of which human health and safety rank first. Other concerns 
include environmental and economic health,. land-use planning objectives 
and the conservation of natural and environmental resources. (See 36, p. 71) 

Very few quantitative.measures are available of the impact on 
the environment of mineral, exploitation and use, and most of what is 
available applies to the developed nations. For the United States it is 
estimated that mining with its associated processing industries ranks 
second only to agriculture as a source of. solid wastes and contamination. 
One estimate is that mining and -.refining generated 1.1 billion tons of 
solid wastes or 27.2 per cent of the total in 1968? another holds that 
mineral solid wastes totalled 1.7 billion tons, 39 per cent of the total 
in I 9 6 9 , most of which came from-mineral and fossil fuel mining, milling 
and processing industries. The-copper.industry ranked first, followed 
by iron and steel, bituminous coal, phosphate, rock, lead, zinc, alumina, 
and anthracite coal, these eight minerals accounting for an estimated 80 
per cent of the solid wastes from-80 mineral industries. Three million acres of land 
have been affected by strip mining alone, with less than a third receiving 
any reclamation. It is estimated that by I98O some 5 million acres will have 
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been affected by surface mining and that about 2 billion tons of solid wastes 
will be generated by mineral extraction and processing,, The contribution 
of these activities to air pollution is even less well known, though iron 
and steel mills, petroleum refineries, inorganic chemical manufacturing, 
amelters and carboelectric stations are-rated among the top seven industrial 
polluterSo Non-ferrous smelters are thoughtto account for about 13 per cent 
of sulfur oxide emissions in the United States, with petroleum refining 
and use accounting for 20 per cent, and carboelectric plants for 52 per cent. 

The costs of curbing environmental deterioration and pollution 
are also very difficult to estimate since much depends on the character of 
the existing plants and on technological advances in a field which is 
receiving much more attention than was accorded in the past. Costs are 
likely to be lower if safeguards are included from the beginning? after-the-
fact programmes to remedy past abuses are likely to be costly, but are still 
needed. It has been estimated that pollution control in the U.S. in the 
period 1972-1976 would add 4-5 per cent to the price-of cement, 2.8-7 per 
cent to the cost of power (involving an;expenditure of $10.7 billion, of which 
$7.5 billion is for air pollution control and $3.2 billion for thermal 
pollution control), 4-6 per cent to the price of aluminum, and 0-8 per cent 
to the price of refined copper. The cost of reclaiming strip-mined land, 
if done at the time of mining, is estimated to be about 2 per cent of the 
selling price. Thus, while very large sums are required to achieve better 
protection standards, there is little indication that such costs will be 
prohibitive or that prices will skyrocket because of them. Nor should the 
offsetting savings be forgotten - savings resulting from improved health, 
greater cleanliness, improved capabilities for using reclaimed land for 
other purposes, higher productivity of waters for fishing and recreational 
use, etc. 

THE COMPARATIVE POSITION OF DEVELOPED AND LESS DEVELOPED COUNTRIES 

Numerous observers have professed to see marked contrasts in 
the significance and concerns regarding environmental matters between the less 
developed countries and the developed countries. The major environmental 
concerns of the less developed countries reflect poverty and lack of 
development and there was considerable effort at Stockholm to broaden 
the concept of the environment to include these concerns. While certain 
environmental problems are closely related to the stage of development 
of the less developed countries it is necessary for the sake of clarity to 
disassociate the broad problem of development from those of environmental 
pollution and degradation. Nonetheless, it is pertinent to note that the 
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environmental despoliation problems of the. less developed countries are likely 
to be different in kind and in relative importance from those of the developed 
countrieso 

In Africa, for example, the following environmental problems are 
of grave concern, much more so than in most developed areas: 

(1) deterioration of the soil which is, above all, the prime 
physical resource of the continent; 

(2) deterioration of the vegetation; 
(3) high incidence of human, animal and plant diseases; 
(4) inadequate provision of sanitary water supplies; and 
(5) inadequate sewage disposal systems® 

Another contrast between the developed and less developed countries is the 
more direct effect in the less developed countries of population growth on the 
environment and on economic development itself® 

The contrasts between the developed and less developed countries with respect 
to environmental concerns has raised a series of questions which deserve 
sympathetic consideration - such questions as ; isn't the concern for the 
environment a disease of the wealthy? Isn't it more important for the less 
developed countries to have industry than to have no pollution? Will 
environmental standards in the developed countries reduce the markets of the 
less developed countries who will pay for.the devices and programmes required 
to meet pollution standards? Will technical assistance be provided to the 
less developed countries? What attention will be given to the kinds of 
environmental problems directly affecting the less developed countries? 
Will the costs of providing pollution control in the developed countries 
result in a diversion of funds previously to aid? And will increased 
recycling of raw materials reduce markets for the less developed countries? 

Space prohibits more than a partial answer to these questions® 
There are a number of factors which permit the 'importation of pollution* 
to the less developed countries without as deleterious an impact as would 
be experienced in the developed countries* the smaller number of vehicles 
which are the major source of air pollution in the developed countries, the 
markedly lower consumption of energy, the much lower number of polluting 
industries and, for specific areas, the greater availability of natural waters 
and lower population densities® (See 39? P® 12) Theoretically, a nation 
with lower pollution standards and higher tolerance levels may prove attractive 
to industries for which pollution control represents a significant cost, and 
thus les developed countries may gain industry if they are willing to serve 
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as "pollution havens". There is something distasteful, however, about export-
ing pollution even when it is acceptable to the receiving nation, since the 
price of the competitive advantage will eventually have to be paid by that 
nation® 

With respect to the impact of pollution controls on trade, the 
picture is very mixed and not easily predictable® A loss in markets for 
lead-free gasoline may be offset by increased sales of platinum to be used 
to reduce pollutants in automobile exhausts® The desire to reduce pollution 
and to conserve exhaustible resources may eventually favour the sale of 
natural rubber, fibres, insecticides, etc., and development of more of 
Africa's huge hydroelectric resources® 

The degree of conflict between the developed and the less developed 
countries in the matter of environmental despoliation has probably been 
exaggerated® Comments from a recent conference in Zambia are pertinents 

we see much evidence in Zambia today of pollution hazards, which 
we would rationally wish to avoid, as far as it is possible, for 
what virtue is there in repeating the mistakes and distortions 
of amenable environments that have been allowed to develop, un-
checked, in the highly industrialised societies?...The problems 
in Zambia, in relation to pollution of the environment are little 
different to those of many other countries whether developed or 
in the process of developing® (48, pp® 6 and 31) 

There is little doubt that concern for the environment has been 
badly neglected in the less developed countries® In The Careless Technology, 
the results of a conference designed to investigate the question? to what 
extent have the ecological costs of introducing technology affected the less 
developed countries?, it Is revealed 

that little concern had ever been given to anticipating 
ecological costs and side-=effects, to say nothing of having 
such factors serve as inputs to decision-making in development 
projects® In example after example, we found that (a wide 
variety of programs) were being promoted throughout the world 
with little or no attention to their environmental consequences® 
(11, p® xiii) 

CLASSIFICATION OF ENVIRONMENTAL IMPACTS 

The environmental effects of material flows can, following the 
authors of Man, Materials and Environmenta be described by reference to 
nine major elementss 
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(1) the material involved, e0g», metals, energy materials, etc®, 
(2) the stage of the materials cycle8 from exploration through 

extraction, transport, processing, use and recycling to ultimate 
disposal? 

(3) the form of the environmental disturbance? 
(4) the environmental medium that is abused; 
(5) the geographic character of the source of the disturbance; 
(6) the geographic character of the effect of the disturbance; 
(7) the character of the damage to human welfare; 
(8) the magnitude or severity of the disturbance; and 
(9) temporal factors, (36, pp® 10-11) 
In the following sections attention is focused upon minerals and the 

environment with particular reference to the impacts of extraction and primary 
processing on man and his environment® 
THE ENVIRONMENTAL IMPACTS OF MINERAL EXTRACTION 

The impacts of mineral extraction on man and on the environment vary 
considerably according to the systems of extraction employed, which may be listed 
as follows? 

1) drilling (oil, gas„ steam, salt, sulfur) 
2) surface mining 

a® quarrying, open-pit mining 
bo dredging-, hydraulic mining, potholing 
c® soger mining 
do strip mining 

(1) area 
(2) contour 

3) underwater operations 
a® drilling 
b® mining 

Drilling 
Drilling for oil and gas both on ground and under water involves 

several environmental hazards, which may have spectacular dimensions 
as in the case of the Santa Barbara blowout (35) or occasional wild wells® 
The petroleum industry has developed sophisticated techniques to minimise 
such events, but it is a truism that the use of oil is impossible without 
losses - in production, transportation, refining and consumption® Inadequate 
regulatory mechanisms have resulted in tremendous oil pollution in the 
open oceans (8, pp® 296-7) with perhaps a third of the total having come 
from discharges by vessels (now prevented by the "load on top0 method). 
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a fifth from such disasters as the Torrey Canyon and Santa Barbara episodes 
and the remainder from spent lubricants, in-completely burnt fuels and untreated 
industrial wastes. Oil well blowouts are now very uncommon (e.g., there has 
only been one, occuring in 1948 8 in Canadian history), and their impacts can 
be fairly readily confined on land, but the impact of oil pollution at 
sea is now seen to be much more complex and subtle than had been thought. 
Careful operational procedures as well as restrictive measures are required 
to minimise the effects of offshore spillage and seepage, which menace 
aquatic life and beaches, sometimes many miles from the occurrence. 
•Formation water8, which is usually.about one-and-a-half times as salty 
as ocean water, found in intimate contact with petroleum, and produced 
in quantities about two to three times -as great as the oil produced, is 
normally returned to the producing formation to avoid polluting streams and 
to help force out the remaining oil. Flaring of gas should be controlled 
wherever possible as a conservation measure. 

Land subsidence due to the withdrawal of oil, gas and associated 
water, steam for geothermal power and ground water has caused millions 
of dollars of damage in the United States. The solution to this problem 
usually involves repressuring with water. With exploitation of oil and gas 
now taking place in about nine African countries and exploration proceeding 
in about half of the African countries, the concern for environmental 
impacts must increase in the years ahead. 

Geothermal energy, which is tapped by drilling as for oil and 
gas, is thought to be the 'cleanest* source of power, and its environ-
mental effects may be expected to be limited to within a few miles of the 
area tapped. Nonetheless, there are environmental hazards and further 
experience and research will be required before the best control techniques 
are known. These hazards include: 

(1) the emission of gaseous and particulate matters; 
(2) land pollution with liquid and/or solid wastes; 
(3) land subsidence; 
(4) seismic considerations; 
(5) water pollution; 
(6) biologic effects through chemical changes in soil and x-iater, 

destruction of specialised habitats or long-term alterations 
in humidity; and 

(7) social effects occasioned by high noise l.-vels, odor or conflict 
with other land uses. (14) 
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Surface Mining 

The surface mining cycle usually consists of four stages: 

(1) site preparation;, clearing vegetation and other obstructions, 
constructing access roads and ancillary installations including 
the area to he used for disposal of spoil or waste; 

(2) removal and disposal of the overburden; 
(3) excavation and loading of the ore or rock; and 
(4) transportation of the ore or rock to a concentrator, processing 

plant, storage area or directly to market« (Taken mainly from 
8, pp0 348-69) 

A fifth stage, reclamation, is often.not included in the cycle, but experience 
shows that it is more effective and cheaper to do so, mainly because the 
same machinery can be employed to level spoil piles, segregate toxic materials 
and establish controlled drainage from the site. 

The use of ever larger pieces, of equipment permits exploitation 
from the surface of lower and lower grade ores beneath increasing depths of 
overburden® Thus the danger of deleterious environmental impacts is increas-
ing, but so is the ability to reclaim the land, providing appropriate re-
gulations are enforced and reclamation is preplanned® 

The environmental impacts of-surface mining are numerous and 
sometimes practically irremediable® The direct .o: effect on human health 
and safety is generally less significant than for underground mining, 
though dust may present a health problem to-the workers and dust and 
vibrations may be a public nuisance in nearby communities® The impact 
on the land surface is the most serious aspect of surface mining® 
Contour stripping is perhaps the most destructive type, because it is 
extremely difficult if not impossible to restore the terraced slopes to 
anything like their previous condition,, and because areas far greater than 
the mined-out terrace and the downslope on which the spoils are dumped 
are adversely affected® 

Area stripping may also radically disfigure the terrain unless 
proper reclamation practices are enforced® Other forms of surface 
mining may leave massive piles of waste or otherwise drastically reshape 
the surface, while landslides have sometimes blocked streams and high-
ways® All these and other results of surface mining may seriously impair 
the economic and aesthetic value of whole landscapes® 



Surface mining may also destroy protective vegetation and it is 
frequently difficult to replant an area because of the toxic nature of 
the spoils^ A more serious impact is that of water pollution from mine 
drainage and sediment® Dredge mining is particularly objectionable in 
contributing large quantities of material in suspension; it not infrequently 
causes a complete upheaval of the stream bottom likely to destroy aquatic 
flora and fauna both on site and downstream,, which may destroy spawning grounds 
for fish and adversely affect potable water supplies® But drainage of 
acidic waters from mines and mined areas is more serious and far more wide-
spread® Acid formation occurs when water and air react with sulfur-
bearing minerals in the mines or refuse piles to form sulfuric acid and 
iron compounds® It has been estimated that over 4,300 miles of major streams 
in the United States are polluted significantly by acid drainage{ and that 
3®2 million acres of land are producing acid drainage as a result of surface 
mining activities and erosion® (18, p. 100) Mine drainage may also seep 
into and affect underground water® Surface mining contributes to air pollution 
primarily through dust blowing. 

The adverse impacts of surface mining are diminished if the 
operation is relatively confined,, as in the case of a quarry or open 
pit mine, or where the mine is situated in a low-productive and sparsely 
populated area® Fortunately, the vast bulk of mining operations in 
Africa are relatively confined or are situated in low-productive and/or 
sparsely populated areas® Exceptions include the phosphate mines of 
North Africa, alluvial diamond and gold mining in Sierra Leone, Ghana, 
Zaire and elsewhere, tin-mining in Nigeria, and some of the latest coal 
mining in South Africa. 

Reclamation may, of course, greatly reduce the deleterious impacts 
and in some strip-mined lands in Indiana it is claimed that reforestation 
has actually raised the value of the surface use above its previous level. 
Other possible benefits or features partially-offsetting losses 
to surface operations include improved storage of ground water (e®g®, 
on some strip-mined areas in the American Midwest, some of which have 
become massive man-made aquifers), the creation of small lakes which 
may have recreational value, provision of materials which may be used 
in construction and use of stripping sites or abandoned open pits for 
waste disposal. Use of mine waste as ballast fpr,road construction is 
sometimes dangerous, however, because it may contribute to acid drainage, 
and such use is prohibited by law in some states. 
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water jacket, developed in South Africa® High noise levels, coming from fans, 
rock drills and vehicles, are also a menace in some underground mines, in 
Zambia fans have been fitted with silencers and some drills are equipped with 
noise mufflers® 

The impact of underground mining on the land surface includes 
subsidence and the deposition of vast piles of waste which are unsightly 
and which may contribute to other forms of pollution® Various solutions 
have been attempted to reduce the undesirable effects of waste disposal® 
Sometimes waste may be returned to a-mine as back fill or may be used 
as land fills spoils may be landscaped and covered with top soil or organic 
xvastes from sewage disposal and refuse plants,occasionally they are stabilised 
with masonry or concrete, but these methods are often not practical and they 
tend to be expensive. The cheapest and most effective method appears to be 
the establishment of a permanent vegetation cover. This has been receiving 
increasing attention in Zambia where large dumps of toxic wastes lie bare 
at Kabwe (the Broken Hill lead and zinc mine) and even larger dumps exist 
on the Copperbelt.^ In Zambia a search has been made for plants which are 
drought resistant, tolerant of high temperatures and toxic materials,self-
reproductive and which require a minimum of fertilisation. Particular 
attention has been given to biogeochemical indicator plants which have been 
recognised for some years as indicators of the presence of specific minerals 
and which cover old mine workings naturally. Even after a cover is formed, 
however, care is required to prevent damage to the still basically unstable 
surface and the onset of soil erosion. It is thought that a good and 
profitable solution lies in the development of forestry plantations. 

The side-effects of uncontrolled spoils heaps include dust 
blowing and other air pollution and water pollution. Dust blowing is 
controlled best by vegetating the dumps. Other air pollution is most serious 
from bank fires® But the huge size of some mine dumps may also create hazards ̂  
on the Rand, for example, it has been shown that the 100 to 400 foot-high dumps 
contribute to temperature inversions with a high pollution content® 

6. The information on Zambia in this paragraph is based on Conor Reilly, 
"The Development of Vegetation in Mine Wastes," in (48), pp® 86-92® 
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The processing of ores, particularly smelting, frequently is a 
greater source of enviromental hazards than extraction itself. Emissions 
of gases5 especially sulfur and nitrogen oxides and hydrogen fluoride, 
may cause direct damage of flora and fauna and indirect damage through 
increasing soil acidity and reduction of soil bacteria within a radius 
of as much as 25 miles from a smelter 0 A variety of steps may be taken 
to reduce these hazards § extraction of sulfur from coals before they are 
used in smelting; equipping smelters with efficient dust and fume collecting 
systems; desulfurisation of stack gas; removal of particles by electrostatic 
precipitation9 scrubbing or filtration; and location of smelters to take 
advantage of prevailing winds to dissipate pollutants over unpopulated areaso 
A recent note on air pollution in Zambia concluded that it was rather low, 
though the author cautioned against complacency and called for a close watch 

7 
on pollution concentrations and trends® Explanations for the low incidence 
include the high frequency of thunderstorms in summer, the low incidence of 
fogs, extreme dryness of the atmosphere in winter and strength of the winds. 
The new Selebi-Pikwe lead-zinc smelter in Botswana is designed to extract 
large tonnages of sulfur which will be sold as a byproduct, while a 500-foot 
stack has been constructed to disperse remaining fumes® 
CONCLUSION 

A considerable variety of topics has been introduced, all of them 
sketchily, in the preceding pages® More questions have been raised than 
answered® Conclusions ltfhich may be pertinent to the discussion of resources 
availability are that prudent consumption is appropriate, that developed 
societies should contemplate greater emphasis on quality and less on quantity 
and that international cooperation is likely to be more fruitful than national 
isolation® 

With respect to the more direct environmental impacts of the extraction 
and processing of non-renewable resources, it is obvious that the developed 
nations are paying heavily for past neglect. It is also apparent that less 
developed countries must give greater attention to $he effects of resource 
development on human health and ecological systems® The very limited 
availability of detailed studies of the environmental impact of development 
in Africa suggests the need to give far' greater attention to this subjecto 

7® U®R® Acharya, "Meteorological Aspects of Air Pollution," in (48), 
pp® 64e 
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VISITOR AND VEHICLE PRESSURE IN 
NATIONAL PARKS 

By 

Perez M. Olindo, Director 
Kenya National Parks 

The question of establishing national parks as an important aspect 
of national development continues to appeal to many sovereign states, for 
a variety of reasons. The industrialised', nations are motivated to create 
parks and reserves to protect rapidly disappearing species of plants and 
animals and also to provide recreation areas for population densities locked 
up within metropolitan areas. The developing countries have tended to look 
at the role of national parks as const ituted in. Eastern Africa and ask many 
questions about the role of parks as a basic tourist attraction, and hence 
a significant economic baseline around which a thriving tourist industry may 
be built such as the situation in Kenya, Uganda and Tanzania, to mention but 
a few of the developing countries well known for attracting tourists. 

The place of scientific research, the protection of representative 
gene pools of fauna and flora and the use of natural areas for education 
are some of the common values that spur both developing and developed 
countries to set aside national parks as logical institutions within their 
national development planso 

When the question of national parks is considered by an economist 
or a casual investor, emphasis is placed on doing everything possible to 
maximise economic returns from wildlife, scenic areas or~shorelines as natural 
resources. To the investor, the sooner he can recover his capital the better 
his profits are going to be in time. Lodges and hotels are built and 
extensive advertising is undertaken to ensure that a viable occupancy rate 
of 60 per cent is reached, maintained and wherever possible surpassed. 
Sooner or later the question of expansion is raised because the developers 
cannot afford to see a single soul turned away for lack of accommodation. • 

The visitor, having paid a fair amount of money to have a safari 
arranged naturally expects to get fair return for the money. In many 
cases, the visitor has saved over a very long period of time and this one 
journey may be the first and only one to distant lands. The result is there-
fore a very high demand from the visitors to the safari organisers and a 
perpetual state of anxiety on the part of the organisers to please - this 
being the most reliable method of safari advertising, and.promotion. -The 
extreme conservationist would on the other hand remain completely content 
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with a natural area where human activity is excluded. A preliminary 
evaluation of the outcome of either of the foregoing approaches brings out 
the fact that, pursued to the nth degree, progressive development and 
utilisation or human exclusion both end up with unsatisfactory results. 

If a natural area is set aside without considering human needs, 
then its significance to humanity may be so minimised as to endanger its 
continued existence as a national park or reserve® 

Kenya has attempted to establish National Parks to protect represen-
tative fauna and flora, while allowing limited areas within those parks 
to be utilised for tourism, education and research. Conservation of the 
natural environment is seen to be the main objective around which the 
other activities can and actually do revolve® Originally, game lodges 
were built inside the national parks and the vistor was actively informed 
of the unique experiences of being surrounded by wildlife sounds in the 
night; but gradually small townships of 200-300 people have developed 
having unique social-political problems xtfhose solutions tend to conflict 
with the national parks concept. The national parks of Kenya have therefore 
resolved to pursue a policy of peripheral development for now and the future, 
and it is hoped that a phasing out programme will be adopted to remove the 
developments that already exist inside these areas at some appropriate time. 

Roads 

Hie construction of road circuits in the parks initially led to 
areas of large concentrations of wild animals, birds or vegetation of 
outstanding beauty. Over the years it has been learned that roads which 
are built along natural contours are not only-cheaper to maintain but they 
are also aesthetically more acceptable. Special road designs have been 
developed to serve as fire breaks either when accidental fires occur or 
when planned management fires are set by the administration to achieve 
desired results. 

Roads in the Nairobi park are well laid out, well maintained and 
they are not going to be increased in length. The problem in the Nairobi -
park, then,- is not with the official roads, but with people driving cross-
country, talcing short-cuts, following and surrounding animals, etc. 

Prom our observation, we are able to confirm that it takes very 
little time when the soil is wet to create tracks. It takes many years 
before a track recovers its natural indigenous vegatation, if ever. 
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Driving cross country in the dry season leads to the formation of permanent 
trackso We have accordingly come out with a recommendation to prohibit cross-
country driving in parks altogetherc Although we were not able to quantify 
the effects of pollution emitted by visitor vehicles, this important aspect 
should never be overlooked in the final analysis. 

Another important problem closely associated with roads is that of 
murram pits. Murrain for road maintenance has been, and continues to be 
dug from all parts of the park, leaving bare patches which are not covered 
with indigenous vegetation or, for that matter, with any vegetation at all. 
We have recommended that murram should be brought into the park from 
outside for all road works; we are nevertheless- mindful that vegetation 
and animal life new to a given park could be introduced into it in this way. 

Integrated Planning 

The inadequacy of national parks as eco-systems or biotopes is 
dramatised by the regular animal and bird migrations into and out of 
these areas. This observation means, in effect, that if a majority of 
national parks in the world were fenced off and the areas used by a 
majority of migrating species were put to other uses unrelated to conser-
vation, e.g. the building of residential areas, then within a very short 
period of time most world parks would cease to be viable biological entities. 
In fact, many of them would end up as enlarged zoos or game farms which are 
becoming popular in industrialised countries. 

It is now clearly recognised here that for any national park to 
survive planning of the land use in adjacent areas must take into 
consideration the existence of the park concerned and vice versa. This 
means in effect that in a 1 arming or ranching area certain activities 
beneficial to the community may be discouraged in favour of the park. 
In this case, national park authorities may be called upon to compensate 
that community for the resultant loss of revenue. If national parks are 
to survive, this principle must be accepted. The writer is aware of the 
fact that this proposal is a departure from conventional practices, but 
the fact of the matter remains that if the interest in lands adjacent 
to parks is not taken care of the national park concept is doomed to 
fail. 

In Kenya, Uganda and Tanzania, there are national parks which could 
benefit from additions of parcels of lands outside, and there are certain 
portions included inside the declared national parks that could be excised 
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from the parks and put to other uses without any detriment to the parks. 
If an attempt is made to implement this kind of thinking then the 
philosophy must not "be one-sided, by park authorities or their neighbours. 

CASE STUDY: A RESUME 

A study in human pressures on the national parks of Kenya, with 
special emphasis on the problem of vehicle pressure, is presented. This 
study is in many ways a preliminary investigation into a massive problem 
to which most if not all national parks in the world have or must find a 
solution. How to transport visitors around the parks, assure the visitor 
what is referred to as a 'unique personal experience', avoid crowd situations 
and still allow the visiting public to go to parks without the inconvenience 
of programming and advance booking and the accompanying disappointment of 
being turned away at the gate of a national park because the optimum number 
of visitors has already come in. 

The writer extends his sincere appreciation to the East African 
Wildlife Society for financing the study and his colleague, Mrs. Hanka 
K. Lee, with whom he continues to undertake the study. 

Introduction 

The National Park has a dual purpose: (l) to conserve the scenery, 
wildlife and natural and historical objects; and (2) to enable these 
assets to be enjoyed in a manner that would leave,them unimpaired 
for the enjoyment of future generations* (Senge) 

National Parks give protection but they also must be protected. 
There are few countries where parks have not been threatened by 
being overrun, reduced, altered or even destroyed by external 
pressure. But there are also internal ones such as overuse by 
visitors. (Curry-Lindahl) 

The National Park is required to meet popular demand, but such a 
popular demand is not always reasonable. Those advocating rigid 
protection of nature or loving wilderness reject any type of 
development. Those enjoying recreation demand the expansion a»"d 
improvement^of roads, camping grounds, and other recreational 
facilities. Such expansion of facilities or any type of develop-
ment should, however, be suitable to the desirable use of National 
Parks and the protection of the natural environment. 

1. The cruotations on this page are taken from papers given by world 
authorities on national parks at the Second World Conference on National 
Parks at Yellow., oone and Irand Teton Nationa- Parks in 1972. 

2. In East Africa these 'other recreational facilities' should be 
located as far out of the parks as possible. 
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in fact, quite understandable that the U e S » A * should show'this concerns the 
country in which, one hundred years ago, the idea of the creation of parks 
developed may now be undergoing, a period of decline of the parks system 
and, is often cited by its own experts as the outstanding example of overuse 
of parkso 

A comparison of the situation - quantitatively and qualitatively -
in the national parks of the UoS.Ao, Japan and even Europe with those of 
East Africa, and particularly the Kenya parks system which received the 
highest recognition at the 1.972 Yellowstone Conference, could lead to the 
conclusion that East Africa need have no worries about overuse of her 
parks for some considerable time. Such a conclusion would be totally wrong, 
and dangerous, for a number of reasonss 

lo Firstly, the animals of Africa are unique: some species are, 
and always have been,, restricted to this continent; others 
once widely spread over different parts of the world have in 
many places been exterminated and therefore, if not protected, 
may be easy to destroy in Africa too. African, and particularly 
East African, countries have a responsibility to themselves 
and to the rest of the world to conserve these animals0 It is 
also a challenge to show that African countries can do better 
than has been demonstrated in other continents. 

2. Secondly, tourist development in East Africa is increasing 
and seems to be very much encouraged as an important source 
of income for the respective states. For example, between 
1969 and 1970 the number of beds in Kenya's game lodges increased 
by more than 30 per cent. It may be easy to overbalance the 
number of visitors,, to increase the area and influence of tourist 
facilities and thus to destroy the basis for this revenue. 
This temptation should be resisted. 

3. The third important reason is that the rapid spread of education 
and development generally has and will continue to bring increasing 
numbers of foreign and local visitor® into the parks. What we 
are concerned with here is the danger of crowds overrunning the 
protected areas and erasing the experience which visitors expect 
to acquire out of visiting a national park. 

The particular character of the East African parks limits our ability 
to use the studies conducted in the UoS.A. and elsewhere because the circum-
stances differ. Although the concept of the national park throughout most 
of the world is -the same, the interpretation and application of it are often 
very different. Unlike the Worth American parks, those in East Africa should 
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not and cannot be treated as primarily areas for human recreation in the 
common sense of the word if they are to serve the purpose of conserving 
fragile and unique wildlife and its habitats for present and future generations. 
The needs and security of the natural inhabitants of the park must come first, 
with humans as privileged spectators. Human physical recreation in the American 
parks has brought hotels, restaurants and pleasure grounds, and thus destruction 
to the natural habitat. Let this be replaced in the African parks by mental 
recreation and educational purposes. 

Even if this is achieved, humans are bound to affect the parks by 
their presence and by artifacts, such as roads, necessary for their presence. 
How far this development can and should go, and where to draw the line is what 
we will try to establish in the hope that it will help to build a secure overall 
policy for the Kenyan, and perhaps other East African national parks. This 
policy would tend to ensure the safety of the parks for the future in changing 
circumstances. We also hope that the study will be useful not only for Kenya 
and East Africa, but that it will contribute to the general knowledge of 
human pressures in parks throughout the world. 

General Description of the Study 
Prom most human activities in wild and protected areas, three main 

types of relationship can be discerned: 
(1) humans (and their vehicles) and the landscape (physical features); 
(2) human and animals and vegetation; and 
(3) humans and humans (mainly psychological). 

A number of authorities, prominent among whom is Senge^, adapt 
these relationships to the definition of capacity: 

(1) Physical Capacity. This is the capacity of the land surface 
available, related to geophysical features. 

(2) Ecological Capacity. This relates bade to the primary function 
of the park to conserve; the capacity is that within which 
the ecological balance-is not disturbed. 

(3) Psychological Capacity. This is the capacity according to the 
preference of the human users of the parks; experimental values 
could be obtained through psychological tests. 

The foregoing may sound somewhat academic but is useful for the 
purposes of presentation. In reality, all three types of relationships 
intercross with one another. For instance, the vehicles damage the soil . 

4* See also Senge's paper to the Yellowstone Conference. 
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as well as the vegetation and detract from the pleasure of other visitors? 
building a ledge not only changes the landscape but deprives animals of a 
certain feeding area, and so on. 

The relationship between humans and natural areas seems to be in 
constant conflict, in the sense that the human species takes over a part 
of the area for its exclusive use. But in the. overall balance of an 
ecosystem (which a park, or a part of a park, is assumed to be) the 
negative influences may be counter-balanced to an extent by policies based"'" 
on detailed research. The balance between these two aspects should be 
retained for the survival of the parks. Since it is the policy of the 
Kenya national parks to allow as little human interference as possible in 
the parks, leaving them as natural as possible, the negative influence of 
tourist activities should be minimised. 

Each park has a part; in which the impact of human influence is felt-
most strongly? walking areas, camping grounds, roads and buildings 
specially erected for human use. We will call these areas of direct human 
influence in contrast to the areas of indirect human influence. The 
latter are caused mainly by different types of pollution of air, water or 
soil by biocides used outside the protected area, industrial waste, noise and 
so on. 

The area of direct human influence can be measured and related to 
the total area, giving some indication of park use. Indirect influence 
should also be measured, but this may have to involve a much longer 
scientific study, not only in the park itself but also outside (pollution, 
for example, often comes from outside the park and penetrates within). 
The influence on the parks from the outside world is often forgotten or 
deliberately ignored - which seems to be a great mistake as it may prove 
to be of vital importance. Small.parks with easy access, situated near 
large towns or industrial areas, are much more susceptible to such influences 
than those parks in wilder areas. It may seem sensible, therefore, to divide 
parks into four categories? with easy or difficult access, and large or small. 

This preliminary study was undertaken in two Kenyan parks - Nairobi 
and Nakuru - both of which are small and situated near large towns, and 
therefore suffer great threats to their survival. The first step of the 
study was to collect basic information which could prove useful. This was 
done from a number of different sources, but special attention was paid to 
information supplied by the park wardens and staff. The data were used and 
discussed from different angles enabling us to draw some conclusions and to 
formulate some recommendations. We realise that the study is still not 
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comprehensive and should he complemented by a number of other features which 
could only be obtained on the basis of specific research covering a longer 
period than was available® Nevertheless, we were able to build a part of the 
primary structure for use in similar studies in other parks. The pattern of 
data required has been laid out as follows: 
1. Character of the Park and its Surroundings 

(a) Geological, geographical and ecological features of the park, 
and its size. 

(b) The character of the surrounding area, and any development 
proposed there. 

2. Visitor Characteristics 
(a) Number of visitors and vehicles in the park by time period 

and by type of entry permit. 
(b) Projections of visitors and vehicles. 
(c) Distance travelled and time spent in the park by visitors. 
(d) Main areas of concentration and visitor influence. 
(e) Any other information, especially that needed to estimate 

the psychological capacity of the park. 
3. Development in the Park 

a) Existing. 
ROADS: length of official roads and tracks in the park; all-
weather and dry-weather surfaces; numbers of visitors related 
to road length; damage done by maintenance of the road system; 
any other characteristics. 
LODGES: number of lodges; area of each; number of staff and 
their families; number of visitors; sewage system and any other 
pollution; type and number of accompanying buildings; any other 
relevant characteristics. 
WALKING AREAS: situation, area, type of vegetation; number of 
visitors; effect on ecology. 
CAMP SITES: number, type, area; number of visitors and vehicles; 
effect on ecology. 
AIR STRIPS: number, type, area; use; size; effect on ecology. 
OTHER AREAS OP HUMAN DEVELOPMENT 

b) Proposed development or improvement. 

4. Indirect Human Influence on the Park, and its Sources 
Water,.air, soil, aesthetic pollution, etc; both inside and from 

outside the park. 
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In the further study, this information should be complemented by any 
other which may prove useful in the particular circumstances of different parks. 
As no similar study has been undertaken in East African parks, it is anticipated 
that this report will stimulate discussion and decision making in a number of 
areas to solve problems and to define important questions, preferably before 
long term developments are embarked upon or casual permission granted, e.g. 
for driving off the roads. 

In our study of visitor and vehicle pressure in the national parks, 
emphasis was placed on the Nairobi and Lake Nakuru National Parks, partly 
because of their smallness and ease of access and partly because of their 
location, close to high human population. 

The numbers of visitors and their vehicles were recorded; the road 
pattern was carefully studied and some understanding arrived at as to why 
large numbers of drivers tended to drive off the road all over the park. 
It was noted that mating and hunting animals were separated or seriously 
disturbed and a strong recommendation was made to restrict vehicles to 
maintained roads. 

At the time of presenting this paper (April 1974), it was gratifying 
to note that a majority of the recommendations made following this preliminary 
study have been implemented. The administration of the Nairobi park has gone 
further in that plans are underway to harrow and seed with local grasses 
the undesirable vehicle tracks to help speed up the healing of scars brought 
about by visitor and vehicle pressure. 

It is the intention of the researchers to publish their study at a 
later date when additional information is available and the study is more 
complete. 

The immediate steps to be taken to solve some of the problems would 
be as follows: 
Recommendations - Nairobi National Park 
1. DRIVING OFF ROADS SHOULD BE PROHIBITED BY LAW. 

This would prevent the destruction of vegetation from vehicle 
pressure, particularly in the park's central area. 
It would also keep some animals and birds from being molested, run 
over, scared from their nesting places, not being able to hunt or 
breed properly, others from becoming dangerously tame. 
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This would save labour (in digging ditches) due to the half-policy 
being exercised at the moment. 
This would solve the potential danger of accidents to animals and 
to vehicles on their own® 
Driving off the roads should be prohibited for parks' employees, 
e.g® lorry drivers working on road maintenance, etc®, as well as 
for visitors® 
Prohibition of driving off roads should not be seen as a completely 
new requirement since a similar regulation is included in the 
Tsavo National Park Regulations.of the National Parks of Kenya Act® 
What we recommend is simple® To extend the same to the other parks 
as a total prohibition of driving off roads in all parks, especially, 
Nairobi, Amboseli and Lake Nakuru National Parkso 

REGULATIONS SHOULD-BE ENFORCED.® 
Penalties for disobeying regulations such as the speed limit 
regulations of-the National Parks of Kenya Act (Nairobi Park 
Regulations. Section 6) should be strictly enforced® We recommend 
an on-r-the-spot fine or immediate arrest on breach of regulations in 
parks® 

INFORMATION AND REGULATIONS SHOULD BE BETTER PRESENTED TO THE PUBLIC • -

The information and regulations should be better exhibited and 
preferably also,printed on separate sheets of paper and distributed 
to visitors as they enter the parks; or else the regulations should 
be printed on the reverse of entry ticketso 

THE EDUCATIONAL PROGRAMME SHOULD BE EXTENDED AS ESSENTIAL. 
This programme should be-on two levels, one for the employees of 
the parks and one for the public* The understanding and participation 
of members of the public in parks matters is essential for the 
future security of the parks® 
PARK BUSES OR MINIBUSES SHOULD TAKE VISITORS AROUND THE PARK. 
This would solve the problem of overcrowding the park for some 
considerable time to comeo 
It would give the park authorities easier and better control over 
visitors. 
It would lower pollution created inside the area. ... 
It would help to ensure visitor exposure to the educational programme. 
Most important, it would help ordinary citizens to visit the parks. 
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ENTRANCE PEES FOR VEHICLES SHOULD BE RAISED 0 

This should he done for weekends and public holidays to discourage 
excessive use of,parks at those times and to encourage use of the 
parks on weekdays© 
This measure would also help to Increase vehicle occupancy rates® 

HO MORE ROADS OR BUILDINGS SHOULD BE CONSTRUCTED IN THE PRESENT' 
AREA OP THE PARKS (NAIROBI AND NAKURU) © 

Any necessary extensions or additions to existing buildings should 
be put outside the park boundary© -
Murram for maintaining the park roads should be brought Into the 
park from outsides not dug from inside the park as the case is now© 

AN ECOLOGIST-PLANNER SHOULD BE EMPLOYED© 

To advise the park authorities on any developments which may. be 
necessary,, an ecologist-planner should always.be consulted in 
matters concerning any physical changes within the park© 

A PROGRAMME OF RESEARCH SHOULD BE UNDERTAKEN IN THE FOLLOWING 
SUBJECTS % 

changes in animal species and types of vegetation© 
changes in animal behaviour within the park© 
pollution9 its sources and its effects on vegetation and animal 
life in the park0 This research should also include certain areas 
outside the park and the plans for.their development - as a possible 
element of influence in the future© 

KITENGELA SHOULD BE ACQUIRED AS AN EXTENSION TO THE NAIROBI PARK© 

It is our considered opinion that, if this recommendation is not 
adopted8 the park will greatly lose its present quality since the 
natural Instincts of animal migration cannot be preserved in 
miniature© Animals migrate to the Kitengela in the wet seasons; 
and if the area is not included in the parks it will be developed 
or farmed more intensively and this will put an end to migration©. 
Carnivores, e©go lions and cheetahs9 retreat to Kitengela also, and 
once the area Is farmed they will gradually be exterminated® 

Enlarging the park will help with the problem of pollution from 
outside which inevitably penetrates within© 

The capacity of the enlarged park in terms of visitors will have 
a much greater chance to meet the needs and the pressures of the 
growing tourist industry© 
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Summary of Recommendations — Nakuru National Park 
Recommendations 1 to 9 dealing with Nairobi apply equally to Nakuru. 

Additional recommendations;, specific to Lake Nakuru National Park,, are listed 
below: 

1, The extension of the park should be completed as soon as possible. 
2, The research programme should be expanded,, with special emphasis 

on pollution. A constant check should also be kept on the level 
of chemical and other foreign substances finding their way into 
the lake. 

3, Efforts should be made by the Kenya national parks to achieve 
some control over the use of the catchment areas but more 
definitely,, the parks should have a say in what pesticides and 
fertilisers may be used in the catchment zone. 

4, No further development should be undertaken in the Park without 
the ecological impact of the proposed development being in-
vestigated in great detailo A new gate will be necessary in 
the extension to reduce traffic on the heavily-used main road. 

5, Roads in the Park should not be increased in length without 
prior written agreement from the Parks Director; nor their 
design and general characteristics changed,, except that all 
official roads should be provided with an all-weather high 
standard murram surface. We do not recommend tarmac in the 
Nakuru Park. A limited number of viewing places (laybys) for 
cars should be provided along the road. Passing places should 
be constructed on the narrower sections of the roads. Special 
care should be taken not to damage the vegetation around the 
observation hides. 

6% Research should be undertaken on the impact of camping in this 
park and in other parks. If excessive damage is occuring 
camping.in the Nakuru Park should be discontinued for the 
present 0 

7„ Walking areas on the lake shore should be well defined and 
adhered to. 

In general9 walking should be allowed in national parks in speci-
fied areas but some further study of this subject should be 
undertaken. 
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Continuation of the Study 

We "believe that this study, which can be no more than preliminary, 
will be useful to the Kenya national parks and to scientists working on 
similar problems elsewhere,. We also realise that, on the national and 
international level, its value may be limitedo Only two parks have been 
examined and these not extensively (only over three months). If full value 
is to be obtained from this study in the examination of human and vehicle 
pressure in the parks and meaningful criteria established to assess one of 
the most urgent problems in wildlife management, then the study should be 
continued for another two or three years. 

If this study is continued, it would probably focus on the follow-
ing fields? 

A continuation of the study of visitor characteristics, but extended 
on the lines of the recommendations in the U.S. National Parks 
Service publication, 'A Study to Develop Criteria for Determining 
the Carrying Capacity of Areas within the National Parks System1. 
This would involve the circulation and analysis of an enlarged 
questionnaire to determine visitor preferences, thus possibly 
yielding an estimate of the parks' psychological capacity. 
The extended questionnaire would include the Nairobi, Nakuru and 
Amboseli parks. 

An examination of particular points of pressure (e.g. Mzima Springs, 
the lodges, the Naro Moru route up Mt. Kenya, etc.) and suggestion 
of measures to alleviate these pressures if necessary. 

A record of areas of direct human influence, and noting other fields 
of human influence on which further action seems desirable. 

A record of measures taken in certain parks to relieve pressures 
which could be relevant elsewhere. 
Prom specific recommendations for each park, drafts of revised 
national regulations, policy.and other measures (e.g. improved 
statistical data collection and recording) which seem desirable. 

Conclusions 
In less than ten years the number of tourists in the Nairobi National 

Park is likely to double. 
Precautions should be taken now to prevent the park from being 

overrun. 

Particular care should be taken to preserve vegetation from destruc-
tion by vehicles driving across countryo 
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The number of visitors is not very large when averaged over the 
years, but it must be remembered that there are some months, some days 
(Sundays and holidays) and certain hours (3 to 7 p.m.) when much greater numbers 
are in the park. 

There are also areas where people concentrate (particularly the 
central sectors) such that the number of people there is much higher and 
the vehicle pressure greater than a mere average would suggest. 
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APPENDIX 2. NAKURU PARK VISITOR CHARACTERISTICS 

Table 6. Average Vehicle Occupancy. 

People Vehicles People per Vehicle 

Non-residents 39$ 38$ 3.61 
Residents 61$ 62!$ 3<=8l 
Total 100$ 100$ 3.73 

Table 7. Distance and Time Travelled in Park. 

Distance Time Speed 

Non-residents 17o8 km 2.2 hrs 8.2 km/h 
Residents 21.6 km 1.7 hrs 12.8 km/h 
Total 20.3 km 1.9 hrs 10.9 km/h 

Table 8. Distance Travelled in Park. 

0-10 km 11-20 km 21-30 km ^O^km 
Non-residents 39$ 33$ 6$ 22$ 
Residents .34$ 21$ 21$ 24$ 
Total 36$ 26$ 14$ 23$ 

Table 9» Length of Stay in Park. 

Under 1 - 2 2 - 3 Over 
1 hr hrs hrs 3 hrs 

Non-residents 16$ 47$ 16$ 21$ 
Residents 33$ 45$ 12$ 9$ 
Total 27$ 46$ 13$ 13$ 

Table 10. "Have .you Visited Other Parks?" 

Yes No 
Non-residents 96$ 4$ 
Residents 97$ 3$ 
Total 97$ 3$ 

Table 11. Favourite Parks for Those Answering Yes in Table 10. 
Tsavo Nakuru Amboseli Samburu Nairobi Aberdares Others* 

Non-resident- 20$ 30$ 0$ 10$ 10$ 10$ 

Residents 20$ 9$ 20$ 11$ 1 1 $ 3$ 
Total 20$ 16$ 13$ 11$ 1 1 $ 5$ 

* The number of people naming other parks individually 
insignificant. 
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ENVIRONMENT AND STYLES OP DEVELOPMENT 
By 

I. Sachs, C3SED/EPHE 

After the anti-novel and counter-culture, zero-growth. These are 
three symptoms, though very different from one another, of the re-examina-
tion of values hy a society in search of new ideological responses to 
problems which have remained insoluble despite the spectacular progress 
of material growth, or which have arisen as a result of that progress: 
the generalised malaise of the youngj the persistence of poverty, the 
aggression against the environment, the frustration of the Third World 
which today is wondering whether the very concept of development, founded 
upon efficiency, should not be replaced by that of liberation,centred on 
social justice and the creation of a new man. 

Only a profound sense of uneasiness can explain why the theme of 
zero growth should have so captured the public imagination and why it 
should have been taken up by public opinion within so short a time 
despite the fact that it represents a complete reversal of the ideological 
outlook of the last two centuries and, still more, of the past fifty years. 
The frenzy of the mass media, the abuse of the computer, in order to give 
credibility to this or that idea by investing it with scientific trappings, 
explain part of this phenomenon but not all. In a world traumatised by the 
crisis of the 1930s, the appearance of the socialist camp and the emergence 
of the Third World, growth was in good standing with capitalists and 
revolutionaries, profit-makers and lovers of justice alike, and the only 
differences of opinion related to the methods and uses of growth. Today, 
however, the merits of growth are being questioned and - curiously 
enough - both the Left and the Right are dividing up into opponents and 
champions of growth. 

The new awareness of environment problems appears to be both one of 
the causes and one of the symptoms of this new outlook. True, the degrada-
tion of the environment is reaching unpleasant if not dangerous proportions 
here and there. Bit would this in itself have been sufficient cause for 
challenging the very objectives of society? Whatever the causes may be, the 
debate is now open. 



-202 -
>J4 - IDS/OP 15 

Its over-simplifications, not to say mystifications, tend to "be 
tiresomeo Man is presented, now as the arrogant lord of creation and 
demiurge, now as the prisoner of a machine on a world scale in which 
production and pollution are conspiring to crush him and in which the 
only kind of history is natural history, in the sense that the degradation 
of energy introduces an element of irreverslbility0 For some, the quality 
of life is obtained at the price of limiting material production; for others, 
it is, on the contrary, proportional to the abundance of products. 

Beyond these clumsy arguments we should not fail to observe an 
emerging political practice which has several claims upon our interest; 
the long-term future is becoming operational, the notion of organising 
possible futures and choosing a desired future is gaining acceptance, 
an approach to planning which is both global and normative at the same 
time is beginning to take the place of extrapolation, and the systems 
approach is replacing the sectoral method legitimised by Cartesianism. 
The hope of achieving continuous economic and social development hand in 
hand with rational management of the environment presupposes a redefinition 
of all objectives and all methods of action. The environment is a dimension 
of development, and must therefore be internalised at every decision-making 
level. Problems of resources, energy, environment, population and development 
cannot, in fact, be correctly understood unless they are examined in relation 
to one another; and this implies planning within a unified conceptual frame-
work. 

For the poor countries the alternative presents itself more than ever 
in terms of original projects of civilisation or of non-development, since 
to follow the path travelled by the industrialised countries appears neither 
possible nor, indeed, desirable. The rich countries will in future have 
to limit their wasteful use of resources which are in the process of relative 
exhaustion^ price fluctuations will enforce this to some extent, but it 
would be dangerous to leave such matters to the hazards of the market. 
The elimination of waste and the confinement, within acceptable limits, 
of the pollution caused by the production or consumption of certain goods 
will also raise the problem of limiting the growth of material consumption, 
and at the same time of extending the range of social services in the 
broadest sense of the word In order to arrive at a form of development 
which makes less intensive use of resources and is, at the same time, less 
harmful to the environment. Such restriction of consumption cannot be 
achieved without institutional changes more radical than is at present realised, 
starting with the redistribution of incomes and the reduction of social 
inequalities. 
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In addition, there are a number of international problems? assumption of 
responsibility for the global environment, development of collective 
international resources regarded as the common heritage of mankind (e.g. 
the sea-bed), the impact on poor countries of policies initiated by the 
rich countries, and the creation of an international order capable of helping 
both to redefine their styles of life® 

There is enough here to occupy a whole generation of social scientists 
In fact, a new connexion will have to be established between the human and 
the natural sciences in order to achieve a better understanding of the 
interaction between natural and social processes of which man is both the 
subject and the objects a subject, let us add, conscious of belonging to 
nature and of his own gradual growth® Beyond an excessively possibilistic 
human geography and an excessively deterministic ecology, there is a new 
synthesis to be made in which the contradictions between anthropology and 
history will be abolished, and models of energy circulation will be linked 
with models of the production and circulation of matter and commercial 
goods® In the meanwhile, the charting of the future must be based on the 
practice of operational history in the Braudelian sense. In order to learn 
to define possible futures we must start by dismantling the manifold models 
of the past, in which population, resources, energy, technology, environment 
and social institutions are fitted together in a variety of fashions. In 
this context, La Terre et I'Bvolution Humaine by Luci^n Febre remains 
astoundingly topical after the passage of fifty years„ 

How is the new awareness of environment problems affecting the planner 
field of vision? 

Let us begin with a few necessary distinctions and definitions. 

The term 'environment® covers, on the one hand, the sum total of 
identified and identifiable natural resources existing in finite quatities 
on Earth, and, on the other hand, the quality of the environment or, if 
one prefers, of the milieu, which constitutes an important element of the 
the quality of life and which also determines the available amounts and 
quality of renewable resources. In fact, the dividing line between the 
renewable and non-renewable resources is not drawn once and f»r all. Renew-
able resources may in the end be destroyed by abuses, and recycling makes 
possible the repeated used of non-renewable resources. generally speaking, 
however, the distinction between these two groups of resources remains valid 
and useful. 
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Let us now consider the environment proper0 A more ambiguous concept 
has rarely heen known. Of the multitude of proposed definitions, we shall set 
aside two which are largely complementary. 

For the systems approach experts, the environment is made up of every-
thing that does not form part of the purposive system under consideration, 
though it does affect the performance of that system. As the system endows 
itself with environment policies, so the environment, in the sense of everything 
outside the system, recedes, and the success of these policies will consequently 
be measured by the disappearance of the concept of environment, which will in 
the end be internalised by the system. 

Let us now abandon the game of paradoxes, and draw attention to one 
operational advantage of the above definition. It leads us to make a clear 
distinction between the ecological and the social action undertaken in order 
to achieve the explicit objectives of the purposive system constituted by 
development policies. Such an analysis should lead to a redefinition of 
development objectives with a view to more effective control of the ecological 
and social impacts of proposed action0 

At a different level, the United Nations Environment Programme(UNEP) 
speaks of the total habitat of man. This ecological definition of the human 
environment has the disadvantage of being too comprehensive. But it can be 
interpreted more restrictively. 

Let us distinguish three subsystems within the environment: 

1. the natural environment; 
2o the man-made techno structures; and 
3. the social environment0 

Now let us endeavour to study the effects of each of these on the living 
and working conditions of the different social agents and on the operation 
of enterprises (this corresponds, in-an expanded form, to the problem of 
positive and negative externalities)® The quality of the environment will be 
described by means of 'objective5 indicators and will, at the same time, 
be apprehended at the level of its perception by the different social agents. 
Hence the need for a set of indicators ranging from physical and chemical 
measurements of the quality of water or air to psycho-sociological surveys 
and including analyses of the availability and accessibility of collective 
facilities, housing and social services, which will entail simultaneous recourse 
to statistics and to the time-budgets of the various agents. 



- 205 . - IDS/OP 15 

As already stated, the tiro above definitions are not mutually 
exclusive. The former stimulates the planner's awareness of the inter-
relations between natural and social processes. The latter concentrates 
on a more limited problem which is nevertheless of fundamental importance 
in the choice of development objectives - that of the quality of the 
environment properly speaking. 

Let us now try to establish a relationship between the environment 
(M) and the population (P), techniques (T), natural resources (r) and 
the product (Y). 

T 

The development economist's traditional field of vision is represented 
in Figure 1. By means of the available techniques, the population trans-
forms the resources into the appropriate product for purposes of consumption 
and social reproduction. The dialectic between demographic pressure and 
resources forms the subject of a large literature dealing with technological 
and social change. Is it a source of progress or of involution? Put in 
such general terms, the question cannot be answered. There is no single model 
to describe the numerous configurations of these variables. On the contrary, 
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systematic efforts on the part of historians and anthropologists are called 
for to arrive at a typology of situations based on concrete data. 

Let us now introduce the environment M. Figure 2 indicates the 

Figure 2o 
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national parks have been primarily regarded as national assetso The traditional 
way to select areas as national parks has been based mainly on special features 
such as spectacular landscape scenery, or rare and interesting geological sites, 
vegetation and/or faunae In fact, the areas of many national parks have been 
chosen to preserve natural curiosities0 Also areas where historical events 
have taken place have in certain countries been set aside as national parks. 
It is not wrong to use such criteria as national values for selection of 
national parks, but they emphasise single features rather than the natural 
scene as a whole (habitats, biomes, ecosystems) and such a limited approach 
may in the long run be dangerous, because it might lead to unexpected 
surprises and the disappearance of what one wanted to preservea 

Today we cannot afford any longer to base our actions concerning 
nature on emotional romanticism. We have to face ecological realities and 
they are, due to ourselves, very serious. 

One may ask whether present and future conflicts over land use, 
due to population and economic pressures or political aspirations, can be 
reconciled with the idea of having large areas set aside for national parks. 
The latter are often regarded as unproductive. This is a wrong view. It 
is indeed as vital to preserve habitats and ecosystems as it is to set aside 
areas for other human needs. This is just the essence of ecological planning 
on a continental scale0 

Some people foresee a dim future for national parks in countries 
which are at present suffering from heavy overexploitation of natural 
resources due to ecological ignorance and overpopulation. These people do 
not seem to have learned from past and present mistakes. These mistakes 
will certainly be an important background when it comes to sound ecological 
planning and the formulation of long-term land use objectives. 

Hitherto the selection of sites for national parks in various countries 
has been a rather disparate process. The motivations have varied greatly 
from country to country but usually they have had one common denominator, 
namely that the area set aside as a national park did not constitute at the 
time an economic sacrifice. Therefore most national parks of today are located 
on marginal lands or in remote and inaccessible areas or on what was considered 
wastelands. Fortunately, many of these areas harbour a rich animal life and 
at the present time function as refuges for many endangered species. 

The idea of selecting areas for a national park system, based on 
ecological criteria at the national level, in order to create a network of 
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representative ecosystems in each country is emphasised by the African Convention 
on the Conservation of-Nature arid Natural Resources signed by the African 
Heads of State in 1968u Its Article X on Conservation Areas stipulates the 
followingt 

le The Contracting States shall maintain and extend where appropriate 
within their territory and inhere applicable in their territorial 
water,, the Conservation areas existing at the time of entry into 
force of the present convention and, preferably within the framework 
of land-use planning programmes,, assess the necessity of establishing 
additional conservation areas in order tos 
(i) protect those ecosystems which are most representative of and 

particularly those which are in any respect peculiar to their 
territories^ 

(ii) ensure conservation of ail species and more particularly of 
those listed or may be listed in the annex to this convention; 

2. The Contracting States shall establish where necessary, around the 
borders of conservation areas,, zones within which the competent 
authorities shall control activities detrimental to the protected 
natural resources0 

The obligations in the African Convention will lead to a fair 
representation of all kinds of ecosystems in each African country and hence 
also on the African continent. This is an example for other continents to 
follow because It is now high time that the national parks and equivalent 
reserves of the world should represent the different continental and oceanic 
ecosystems and major biomeso In their approach to national park systems 
and criteria for selection of areas for reserves,,, the world's nations must 
now go beyond national boundaries to create a representative global network 
of national parks which will give humanity a complete pattern of various 
natural ecosystems and major biomeso 

The African Convention obliges the Contracting States to ensure that 
conservation and management of natural reserves are treated as an integral 
part of national or regional development plans. 

Environmental management problems are as varied and. as changing as 
the habitats themselves. They depend on various kinds of land use and on 
human population pressure. Basically, the role of renewable resource 
management is to keep the areas concerned optimally diversified and. in 
harmony with the environment in order to respond to the need.s of man. 
A sound management policy also requires some basic conservation concepts, 
including ecological and biological considerations and a respect for native 
plants and animals8 which should always have priority over exotic species. 
The development and application of management measures to obtain the greatest 
sustained public benefit from wildlife9 or any other natural resource. 
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should never he allowed to go so far as to threaten a species or subspecies 
with extinction. 

Modern management of the environment must function by foreseeing the 
tremendous future human pressure on habitats, biomes and ecosystems. 
A great dea,l can be learned from the numerous human mistakes and cases of land 
misuse during past centuries in order to reduce as far as possible man's 
detrimental impact on the environment. Much of the damage done to biomes 
and ecosystems during past centuries is irreparable. Nevertheless, management 
measures should include environmental restoration designed to pat back the 
natural interactions that lead to fertility in a healthy landscape. 

The ecosystem dimension is important in all environmental management. 
It is desirable to avoid conflicts between natural ecosystem processes and 
human control and utilisation of ecosystems or parts of them. Simplification 
of ecosystems and uniformity of vegetation are the results of monocultures. 
These may initially be profitable, but in the long run they often lead to 
degradation and loss of stability. Accelerating human population growth is 
an increasingly important factor influencing ecosystems negatively. It is 
imperative that this relationship is not overlooked in human ecosystems manage-
ment and planning of renewable natural resources at national or regional levels. 

Ecosystem management is necessarily an ecologically-based exercise. 
It is the antithesis of unplanned exploitation, which so far in a reckless 
manner has characterised man's 'development' of the environment. An ecologi-
cally based and well explained land use policy will help the citizens of a 
country understand in a balanced way their role in the world as a part of 
the environment. If they appreciate this, they will also understand why 
renewable natural resources should be managed so that nothing irreplaceable 
is destroyed. 

Land Use Conflicts 

Many types of land use in Eastern Africaare detrimental to the 
environment and in this way also to human society. Examples of such conflicts 
are manifold. Here only one example will be given but it is representative 
for wide areas of the continent and has high priority for remedial action. 
It is the desertification in arid and semi-arid regions. In Sudan, Ethiopia, 
Somalia, Kenya and Tanzania man-made deserts have been created or are being 
created. Mountainous Lesotho has similar problems. Even in dryer parts of 
Madagascar learning signs are visible. The main factor behind this process 
is unwise human land use through overgrazing goats and cattle, deforestation, 
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cultivation practices, uncontrolled fires and in some areas total removal of 
vegetation by digging up roots. Climatic factors, such as drought periods, 
cannot alone induce the same environmental changes. In northern Somalia, for 
example, it has taken less than 100 years to alter a flourishing woodland 
savanna of parklike character with rich grasses under the trees and forest-
clad mountain slopes and plateaus to a desert-like landscape ruin. Where 
formerly this area produced food and shelter for elephant, black rhinoceros, 
wild ass, large antelopes such as Swayne's hartebeest, oryx, greater and 
lesser kudus, gerenuk and beira, three species of gazelle, lion, leopard and 
cheetah, today only a fraction of this fauna remains. 

Although it is politically and socially difficult to stop the present 
land use practices in Somalia and in other arid or semi-arid regions, it is an 
ecological and economic imperative for the survival of man in these areas to 
do so. The number of livestock has to be drastically reduced in order to 
correspond to the carrying capacity of the land. 

Brown (1971) discusses the basic relationship between the dietetic 
needs of pastoral people, the number of stock they must keep to supply these 
needs and the productive capacity of the environment. There is a basic 
minimum number of cattle required to support a human family. Where rising 
human populations become too great to permit each family to maintain this 
necessary minimum herd, damage to the environment through overstocking becomes 
inevitable. The prevalent overgrazing situation in many areas reflects human 
over-population. 

The prevalent land use in arid and semi-arid areas is grazing by 
livestock in a nomadic pattern directed by the seasonal availability of water 
and forage. 

On properly managed rangelands in arid and semi—arid regions, the 
effect of rain is wholly beneficial. On overgrazed rangeland.s, however, rain 
causes erosion, which not only permanently lowers the carrying capacity of 
land utilised by domestic and wild animals, but also destroys the natural 
watering places by choking them with silt and by increasing the rate of run-
off. Therefore, proper water and soil conservation is a vital necessity if 
arid lands are to maintain their resources. 

To sink bore-holes and build dams in order to increase the water 
supply or to provide water-points in planes where no permanent surface water 
exists are only short-term solutions which do not solve environmental problems, 
but usually aggravate them by encouraging animals and people to remain in ar. 
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area longer than the pastures can maintain them without serious deterioration. 
Therefore, artificial water supplies usually create more long-term environmental 
problems than they solve. 

There are planned and ongoing projects for the settlement of nomads 
in Africa. Is this the right solution? The way of life of nomads in arid 
and semi-arid areas is in fact an ecologically sound use of poor rangelands 
as long as the livestock does not exceed the carrying capacity of the area. 
Today there is hardly any area in arid and semi-arid Africa where the land is 
not overstocked resulting in environmental deterioration. 

Agriculture on arid and semi-arid lands can have the same devastating-
effect on the soil resources. 

Pastoral nomadism in its original state came very close to the 
productive and fruitful coexistence of vegetation and wild animals in habitats 
unspoiled by man. This is particularly the case on the arid and semi-arid 
lands of Africa, which I refer to as marginal lands. (They are marginal in 
the sense of being unsuitable either for agriculture or for livestock) There, 
the wild grazing animals changed pastures regularly and did not destroy the 
vegetation. Nomadic livestock did the same but began to overgraze the range-
land when they became too numerous. 

This means that pastoral nomadism of the past was a form of rational 
land utilisation, although less productive of animal proteins than the wild 
herbivores also on marginal lands. Not before livestock increased to such 
a number that there was no possibility for the grazed vegetation to recover, 
despite nomadism, was there any serious detriment to the habitat. Ever 
since, deterioration has gone on preparing the ground for desertification. 

The important ecological lesson is that livestock raising Oh marginal 
lands is bound up with movement, if habitat is to be conserved, and has to be 
adjusted to the carrying capacity of land used in rotation. Nevertheless 
livestock grazing is far inferior to the protein productivity of wild grazing 
animals which, in addition, do not destroy the environment despite the fact 
that they represent a much higher biomass than livestock. 

At least half of Africa's land area is marginal or submarginal for 
crop production. . About 9° per cent of Africa's lowland savannas 
are also marginal for domestic livestock production due to low or erratic 
rainfall. Most of these grasslands are extremely.vulnerable to overgrazing 
and overtrampling, particularly during dry spells. In the tropics, natural 
populations of wild ungulates seldom overgraze, while livestock almost always 



- 260 . - IDS/OP 15 

does so. Moreover, water needs, diseases and other environmental obstacles 
constitute further limitations on livestock production. 

The African human diet is in many parts of the continent deficient 
in animal protein. Domestic animals cannot satisfy the protein needs of the 
continent's people for the reason that they are not generally adapted to the 
tropical environment and so destroy its productivity. The wild animals are 
not exposed to these environmental limitations. On the contrary, they are 
a product of the same environment. Thus the utilisation of wild animals as 
a food resource is the best and most rational use of African marginal lands, 
both for economic and ecological reasons. The results of experience all 
over tropical Africa clearly indicate that a new approach to land use planning, 
management and utilisation based on wild animals is necessary. Of Africa's 
total area, about 40 per cent is occupied by savannas. About 37 per cent is 
infested with tsetse flies, which transmit trypanosomiasis (nagana or 
sleeping sickness) to livestock, while wild animals are immune. This factor 
alone emphasises the usefulness of wild animals in comparison with domestic 
stock. 

It has been claimed that the nomads' way of life has kept them "in 
a state of pronounced under-development". This is true, but it has to be added 
that it is primarily due to the fact that nomads are in reality overdeveloping 
the lands they utilise by unwise overgrazing leading to desertification. 
It is highly doubtful that the settlement of the nomads in agriculture will 
provide them with a more rewarding way of life or will increase their 
contribution to the national economy, if the intention is that this settlement 
has to take place in the same areas which at present are utilised by African 
nomads. Or is the idea to settle the nomads in areas which are already developed 
for agriculture? Then there will be other conflicts. 

An assessment of the ecological potential of marginal lands utilised 
by nomads should point out what kind of land use on a sustained yield basis 
would be most justified from ecological, economic and social points of view. 

•Whatever the result of such a survey would be, the first step in 
a land use plan for the present marginal areas used by nomads must be a restoration 
programme giving the water, soil and vegetation a chance to recover. 

It must be borne in mind that arid and semi-arid grazing lands such 
as desert shrubs and semi-desert grasslands (in the sense of being climax 
habitats under present climatic conditions), both in lowland and high plateau 
areas and regardless of whether they are located on flatlands, rolling plains 
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or mountain slopes, are highly vulnerable to cultivation and animal husbandry. 

In planning marginal lands on an ecological basis it is not enough 
to analyse water, soil, vegetation and the fauna as separate entities. Although 
all these elements operate in their own way, they are dependent on each other 
and form one ecosystem. Fire is also often an important factor. The ecological 
background is very complex. This is one of the reasons why marginal lands 
break down when occupied by monospecific combinations of species, e.g. goats, 
cattle and men. 

The conclusion is that it would be ecologically and economically 
more realistic to utilise the natural productivity of marginal lands rather 
than to develop them for agriculture in order to settle the nomads. 

Besides the increasing human and livestock population, one of 
the main factors behind the present misuse of rangelands in Africa is the 
common view that land must be made available freely at nominal cost for 
grazing of livestock. This gives 110 incentive to proper commercial ranching 
and economic land use, but leads to the treatment of land as free to be used 
destructively and without personal responsibility and planning for the future. 

PLANNING OF GENETIC RESOURCES 

Genetic resources are too frequently completely forgotten in the 
planning and development of natural resources. 

The population of the world is expected to double in size by the 
year 2000, but our planet's land area on which to grow food can be expanded 
only by the gradual addition of poorer lands, while the lands already under 
cultivation are deteriorating due to overutilisation and other unwise land 
use. The fertility of crops and the productivity of both wild and domestic 
animal resources are therefore increasingly vital. Genetic diversity is 
essential to fertility and to the health of plants and animals at population 
level. 

These facts were recognized by UNEP's Governing Council at its meeting 
in Nairobi in March 1974, and it was felt that the preservation of genetic 
diversity should be one of UNEP's most important objectives and priority areas. 

The genetic diversity of the African fauna is a precious resource, 
of which many future dividends are still unknown. It is extremely unwise to 
exterminate such resources. 
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Examples of the tremendous genetic diversity of animal apecies in 
Africa are Lakes Nyasa, Victoria and Tanganyika,. Bach, of them contains 
more species of fish than any other lake in the world: 244» 208 and 193 
species respectively. However, even more remarkable is the high degree of 
endemism shown by cichlid fishes (Cichlidae). Of 202 cichlids in Lake 
Nyasa, 198 are endemic; in Lake Victoria there are I64 (of 170) and in Lake 
Tanganyika all 126 species of cichlids are endemic. Other examples are 
Lake Edward with 19 endemic cichlids out of 28, and Lake Kivu with 8 out of 
9. These figures explain better than words the tremendous adaptive radiation 
and speciation which have taken place in these lakes. In some cases, as 
with Lakes Edward and Kivu, these processes have been rapid, while in the 
other lakes the species have evolved over a long period of time. This 
is clear from the number of endemic genera in Lake Tanganyika: not less than 
42, while there are 20 in Lake Nyasa, 4 in Lake Victoria, 1 in Lake Edward 
and none in Lake Kivu. 

The significance of these figures is that the African lakes are 
exceptional store houses of genetic diversity. Many terrestrial habitats 
show the same phenomenon without producing such spectacular figures as the 
lakes mentioned. 

ENVIRONMENT AM) DEVELOPMENT 

Can the development of natural resources in Africa be achieved without 
environmental disruption? It certainly can, if the political will is firm 
to avoid unnecessary damage to renewable natural resources by maintaining 
their productivity on a sustained yield basis as an integral part of the 
development process. Moreover, development in Africa must in many areas be 
initiated with restoration schemes. Such development programmes may be costly 
at the initial stage, but will pay off in the long run. 

The environmental threat to the developing countries of Africa 
comes actually from their current misuse of the resources of water, soil, 
vegetation and wildlife. The developing countries are in reality using up 
their renewable natural resources before the development process has accelerated 
or even begun. This dramatic situation is being caused by the population 
increase and lack of control of how the land is used. It is a terrific challenge 
for a nation, because it undermines its potential for development. This 
situation emphasises the necessity of comprehensive planning, including 
ecological-socio-economic considerations, for a rational utilisation of natural 
resources. 
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Let us hope that in the recommendations emerging from this Seminar 
we can achieve a positive effect by drawing attention to an existing and 
accepted document, namely the African Convention on Conservation of Nature 
and Natural Resources, signed by the African Heads of State in 1968, because 
it constitutes a firm basis upon which developing countries can formulate a 
long-term, ecologically based policy for conservation, management and utilisa-
tion of reneitfable natural resources. 

I would like to suggest that this Seminar recommend that governments 
in developing countries should formulate policies, within the framework of 
total environmental planning, which would establish scientifically-based 
conservation, management and utilisation plans for all renewable natural 
resources talcing into account the importance of the vegetation cover for the 
maintenance of the water regime, the productivity of soils and the habitat 
requirements of wild animals, with particular attention to the control of 
bush fires in rangelands and forest, clearing for cultivation, forest destruc-
tion and control of livestock numbers. 
















