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I. FOREWORD

This booklet has been specially prepared as a help to school-

teachers in introducing their pupils to a particularly important

subject - the conservation of natural resources in the Sudanese

Sahel in Africa,

That the problem is indeed an important one, will be made clear

in the following pages ; and it is perhaps not superfluous to stress

the essential role of those whose task it is to train the future

leadership of their respective countries. Now that the pace of

development of civilization in the material sense is increasing

so rapidly in Africa, it is important that all should be aware not

only of the resources Nature has to offer, but also of the great

dangers threatening those resources. So much has already been

destroyed beyond hope of recovery !

Legislation can, of course, play its part in the struggle to

prevent the catastrophic destruction wreaked by man ; repressive

measures may be introduced. But their effect is trifling compared

with what can be achieved by educating the public, rousing it to a

sense of its duty to Nature and a realization of the benefits,

actual and potential, that Nature holds in store.

From this standpoint the school is an invaluable_base for

influencing the young minds of the men and women of to-morrow.

Moreover the pupil, once the importance of what he is being

taught has been really brought home to him, will become a staunch

advocate of the same cause. He will have exceptional opportunities

for passing on his newly-acquired knowledge, for persuading his

parents and the older people in his village of the need to remedy

certain mistaken methods. The results will soon prove him right,

and the battle to conserve natural resources will be won, to the

advantage of Africa and all its inhabitants.

It was not, of course, possible to discuss every problem in

detail in these comparatively few pages. We hope, however, that

3.



teachers will be able to use them as a starting-point for further

elaboration of the subject, illustrated as fully as possible from

local experience.

This brief study is intended both for primary and secondary

schools, though children in the former category will not, of course,

be able to absorb as much of the information it contains as those

in the latter.

We have nevertheless included in each chapter some general

remarks on such matters as climate, soil, and the water cycle, as

a sidelight on the specific phenomena to be observed in the Sudan

and Sahel zones. These passages are intended more particularly for

secondary schools.

It will rest with teachers to decide, in the individual

classes, how much of the following material their pupils can under-

stand and remember, and to omit whatever they feel to be unduly

technical.
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II. INTRODUCTION

All the different elements of Nature exist in a state of

equilibrium.

It is the composition of the soil and the climatic conditions

(temperature, humidity, light, wind, the succession of the seasons)

which decide whether or no a particular plant or animal can exist

and reproduce itself in a given environment. Every plant is sur-

rounded by a host of other vegetable or animal organisms which

either prey on it or develop in a more or less close connexion

with it.

But each of these plants and animals, in its turn, has a group

of parasites, predatory or allied organisms whose existence is

linked with its own in varying degrees.

For instance, palm-trees can only live in particular soils,

with certain conditions of humidity and heat. Where they flourish,

a miniature universe is assured of existence :

- their roots provide nourishment for numerous Termites, larvae

of the Capricorn Beetle, etc. ;

- their trunks are attacked by a tremendous variety of xylo-

phagous insects - Capricorn Beetles, Scarabaiedae, Elateridae,

Buprestis Beetles, Bark-beetles, etc, ;

- their leaves are eaten by countless hordes of insects of

different species - Coleoptera, Bugs and Cicadas, Ladybirds, Thrips,

Butterfly Caterpillars, etc.. ;

- their flowers, too, are devoured by Weevils, as well as being

visited by all kinds of nectar and pollen gathering Insects and

Birds ;

- their fruit serves as food for many different animals -

Birds, Mammals, Bruchae, Bark-beetles, etc..

Each of these creatures has its own legion of parasites, which

are thus, indirectly, the guests of the Palm-tree. These parasites,

in turn, are the victims of hyperparasites - and so on and so forth.

5.
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It must also be remembered that certain plants, such as Ferns,

Bromeliaceae, Creepers and Mosses, grow on Palm-trees and that each

of them, likewise, has a retinue of organisms living at its expense

or under its shelter.

We thus see that a single living organism, be it the Palm-

tree or one of its "guests", entertains a vast throng of other

living organisms more or less directly connected with it -

constituting, in fact, an environment in which all elements are

linked by a multiplicity of relationships.

The whole thing maintains a certain balance. But if one or

more of the components is eliminated, that balance is disturbed.

For every form of natural balance is extremely precarious.

Even a trifling change in the climate may lead to the disappearance

of a particular animal or plant. This immediately sets up a whole

series of chain reactions, in which a group of other plants or

animals is eliminated, while a number of others succeed in adapting

themselves by changing their habits ; and that may, in turn, have

repercussions on all kinds of organisms which were originally

quite unconnected with the plant or animal whose disappearance has

caused all the turmoil.

Hence, we must never forget that any damage done to the natural

environment as a whole, or to a single one of its component parts,

may have unforeseen consequences and that these may well be extreme-

ly harmful to Man himself.

2. Nature and Man

The protection of Nature is both a vital necessity and a moral

obligation.

Man lives in a natural environment which offers him everything

necessary for his subsistence.

He lives on meat, fish, leaves, roots and fruit.

He builds his dwelling with clay or stone, wood and the leaves

of trees, or various types of grasses.
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He cooks his food over a wood fire, which is also used to

provide warmth and in making bricks and pottery.

His clothes and bed-covers are of cotton or wool, his hat is

made of straw, his sandals of leather.

When he is ill he cures himself with medicinal plants or with

medicines many of which are vegetable in origin.

He smokes tobacco.

He uses petroleum for lighting purposes and, in refined form,

for running his car.

He extracts iron, copper and other metals from the earth and

uses them to make a great number of the things he needs.

So it is obvious that to cater for these many needs, Man re-

moves from the natural environment a considerable proportion of its

constituent elements.

In the first few thousand years of their history, men were few

in number, widely scattered, and ill-equipped. They lived entirely

by gathering fruits and vegetables, fishing and hunting with very

primitive gear.

In these precarious circumstances they took little from the

natural environment and the effect of their activities was negligible,

Then they began to wish to settle down, and to eat what they liked,

when they wanted. This gave rise to the two inventions on which

every civilization has been based - agriculture and stock-breeding.

Without entirely abandoning their predatory life, Men began to mould

the environment in accordance with their needs. And this inter-

ference with every kind of natural balance has been increasing ever

since.

There are now about three thousand million people living on

the earth's surface. It has taken about 200,000 years for the

population to reach this figure. But it is calculated that in only

* *

*
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30 years from now, the number will have increased by two thousand

million. At that rate, it is quite possible that by the year 2000

the earth will have a human population of between five and six

thousand million, all needing food. Even in Africa the population

is increasing at a quicker rate than before.

What will happen in the near future to the natural balance,

subjected to tremendous and growing exactions ? This is a grave

danger, and a direct menace to the lives even of our own closest

descendants.

For Man is illogical. He shows intense concern for all problems

bearing on his immediate needs ; he has to increase his production

continually, in order to feed all the new mouths that the growth

in the population has brought forth. And he can do so only by

hastily using up Nature's last remaining reserves, clearing too much

ground, cultivating too much and unskilfully.

The modern world, as we can see for ourselves, is being steadi-

ly impoverished, and its natural balance steadily destroyed, so that

the hungriest of its inhabitants may be fed for the time being.

But Nature cannot eternally survive these ill-considered ravages.

What kind of world will be left for our descendants - how will they

be able to find subsistence on an earth where the soil has been

destroyed by erosion, the water-supply exhausted, and from which

game and fish have vanished ?

This means that Men of today must plan for the future, must

show intelligence and prudence in administering the immense capital

constituted by Nature, instead of squandering it by thoughtless

depredations.

THEY MUST SAFEGUARD THE NATURAL BALANCE.



III. CLIMATE

1. The importance of climate

Ever since they came into the world, Men have realized that a

great many phenomena were constantly occurring in the atmosphere,

causing rain, wind, heat, drought, etc.. ; that no human action

could affect them, and that they were apt either to thwart or to

further the plans of men.

Little by little, as his technique improved and his knowledge

grew, Man learnt to analyse these atmospheric phenomena. Nowadays

he can not only measure temperature, humidity, wind velocity, etc.,

but can also build this knowledge into a picture of different types

of climate and their distribution.

This is very important, for climate is the essential factor -

and often a regrettably unstable one - in shaping the geographical

environment, and thus in deciding whether Man can or cannot adapt

himself to life in a particular region.

We have already considered the features involved in natural

balance ; it need only be recalled that climate (temperature,

rainfall and humidity, wind, etc..) directly affects soil evolution,

that it determines the possibility of survival of all living beings,

whether vegetable or animal, and that all such beings exist in a

somewhat precarious state of balance.

If the climate changes, temporarily or permanently, that balance

is upset.

Now during successive geological ages, the climate has under-

gone extraordinary changes. Tropical forests once stretched over

vast expanses now covered by the polar ice ; today's deserts were

clothed with luxuriant vegetation, and plants and animals teemed in

what have now become desolate wastes.

Since Man draws all his resources from Nature, on which he is

entirely dependent, he has been compelled - despite his comparatively

recent appearance on earth - to adjust himself to many climatic

9.
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changes. In evidence of this, we have the rock-paintings in the

Sahara, and the tools left behind in regions which are now deserts.

Even in our own age the climate is changing. Unfortunately

the present tendency is towards increased aridity ; the glaciers

of the temperate zones are receding, the deserts are encroaching

further, the forests are shrinking in every part of the world.

Obviously, Man can do little or nothing to influence the actual

climate. But he can try to compensate for its effects - to bring

water to places where the springs have dried up, to use that water

for cultivating plants in areas where the vegetation is receding,

and to breed domestic animals in districts where game is becoming

scarce.

But in thus attempting to ensure his own livelihood, Man disturbs

the natural balance, and some of his actions, though their results

are apparently and immediately profitable, may well, in the long run,

produce extremely serious and in most cases irreparable consequences.

In Africa, starting North of the equator and proceeding north-

wards, we find :

(a) an equatorial climate of the Guinean type ;

(b) a tropical climate of the Sudan type ;

(c) a Saharan climate ;

(d) a Mediterranean climate.

Broadly speaking, these climatic zones have their distinct

vegetable, animal and even human population.

Our own region is in the Sudan climatic zone or, to be precise,

in its Northern part with a climate of the Sudan-Sahel or Western

Saharan type, bordered to the South by the Sudan-Guinean climate and

to the North by the Saharan.

This Sudan-Sahel zone has certain characteristic features which

we shall consider later on.
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It should be noted at once, however, that the climate is not

absolutely uniform, being modified by local conditions, such as

proximity to the sea (Atlantic Mauritania, Somalia, Eritrea) and

altitude (the Mauritanian Adrar, the Dogon mountain group, the Aïr

highlands, the Bauchi plateau, the Ennedi, the Abyssinian high-

lands, etc. ).

Each of these areas has its particular climate, which direct-

ly affects its flora and fauna and the way of life of the human

population.

Broadly speaking, climates are classified according to temperature,

rainfall and wind.

2. Temperature

Temperature has been the principal factor in establishing the

different main categories of the earth's climate, to which the bio-

logical distribution of plants and animals roughly corresponds.

Meteorologists have calculated the average annual temperature

in various latitudes, together with the average monthly temperature

in the coldest and hottest months respectively.

These observations show, among other things :

1°. that the temperature falls as we move from the equator to-

wards the poles ;

2°. that an imaginary line connecting the spots on the earth's

surface which have the highest average temperature would pass through

the Northern hemisphere close to the 10th parallel, i.e, slightly

to the South of our Sudan-Sahel zone.

3°. that between the equator and the 20th parallels of Northern

and Southern latitude - the zone in which our region is situated

– there is little difference between the average temperature of

the hottest and coldest months.

There is thus a comparatively constant temperature in the

intertropical zone (the "tropics"), whereas outside it, and more
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especially beyond the 30th parallel, the difference of temperature

between winter and summer becomes more and more marked.

The comparative uniformity of tropical temperatures natural-

ly has a considerable influence on the geographical distribution

and conditions of existence of plants and animals.

It should be noted that the part played by heat depends on how

directly the sun's rays fall on a particular area. But it also

depends to some extent on the humidity of the atmosphere, the bright-

ness of the sky (clouded or clear) and the plant cover.

Although throughout the tropics the sun at noon is never far

from the zenith, the temperature is higher in the Sudan-Sahel zone,

where the sky is clear, with little atmospheric humidity or mist,

than in the equatorial region, where the opposite is true.

Despite the fact that in the tropics the sun never travels far

from the zenith, so that its rays always fall almost vertically,

such variation as does occur has a direct influence on seasonal

distribution of temperature.

In the tropical zone, the sun crosses the zenith twice in the

year. The temperature is then at its maximum, as the days are longer

than the nights.

3. Rainfall

Throughout the tropical zone evaporation is intense, owing to

the high temperature. Clouds form and, as they cool, dissolve into

rain. Thus, the rainfall is a direct result of the annual variations

in temperature.

In the zone between the tropics, therefore, rainfall is

governed by the course of the sun. The summer rains coincide with

the maximum temperature, occurring when the sun makes its two cros-

sings of the zenith.
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Without entering into astronomical details, we may note that

as we proceed from the Equator towards the Tropic, we pass through

three systems of rainfall, viz. :

(a) an equatorial system, in which rainfall is spread over the

whole year, with two peak periods coinciding with the equinoxes

and two minimum periods, coinciding with the solstices, but with

no actual dry season ;

(b) a sub-equatorial system, with two rainy and two dry

seasons ;

(c) a tropical system, with a rainy season and a long dry

season.

It is this last system which characterizes the Sudan-Sahel

region.

Apart from the actual rainfall, the amount of moisture may be

affected by other phenomena, such as dew, fog, etc.., any of which

may be of very considerable importance in a particular spot.

Rainfall has direct repercussions on vegetation ; its volume

and annual distribution condition plant life and, directly or

indirectly, animal life, besides influencing soil evolution and

erosion.

4. Wind

In the tropics, the wind system is remarkable for its simplicity

and stability.

There are several types of wind :

1°. The trade-winds, which blow continuously from the North

towards the Equator, at a low or high altitude according to the

season. These are wet, cool winds ;

2°. the monsoons, which are seasonal winds caused by differences

of temperature, and the resultant differences of pressure, between

the continents and oceans.



In winter the land-masses are colder than the oceans, towards

which they send dry, cold winds. In summer the opposite condition

prevails, so that wet winds from the oceans bring rain to the land-

masses. Their effect is felt chiefly in the coastal areas.

3°. the Harmattan, which some authorities regard as a branch

of the trade-winds. This is a continental wind which blows over

the Sudan from the East throughout the year. It is an extremely hot

and parching wind.

What is the main course of these various winds ?

During the period corresponding to the Northern winter, North

winds (trade-winds) blow from the high-pressure zones in the Northern

Sahara towards the Sudan low-pressure zones ; they are deflected

Westward by the rotation of the earth.

These are chilly winds, which grow warmer when they reach the

Sudan-Sahel zone and then turn due West, where they are absorbed

by the Harmattan as it blows across the entire breadth of Africa.

During the Northern summer, on the contrary, the Sahara becomes

a region of low pressure and draws in the monsoon, which thus en-

counters the Harmattan.

In springtime the monsoon blows below the Harmattan, which is

pushed upwards. This is the season of tornadoes.

Sometimes the process is reversed and the Harmattan falls

earthwards. This produces stormy squalls, accompanied either by

violent rain or by what are known as dry tornadoes.

5. The climate of the Sudan-Sahel zone

As we have already seen, the climate of the Sudan-Sahel zone

comprises only one rainy season - in the winter, when the zenithal

rainfall combines with that of the monsoon - and a single, pro-

longed dry season.

14.
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It is thus a dry tropical climate. It stretches from East to

West in a long belt, parallel to the equator, situated approximate-

ly between the 10th and 16th parallels.

Temperature :

Annual average varying between 26° and 31°,5 C.

Average for the coldest month : minimum, between 24° and 28°,2 C.

Average for the hottest month : maximum, between 30° and 36°,5 C.

The minimum temperatures occur in January and August. The

January temperature is the lowest West of Lake Chad, and the August

temperature in the Sudan.

The absolute maximum exceeds 30° in April and May.

Further North, after an intermediate zone (with a Sahel-Saharan

climate), comes the desert climate of the Sahara :

Annual average varying between 27° and 29°

Average for the coldest month : minimum, between 16° and 22°,2

Average for the hottest month : maximum, between 32°,5 and 36°,5

The minimum temperature occurs in January and the maximum in

June, when the thermometer may rise above 50°. A relative minimum

is sometimes observed in August and a relative maximum in October.

Rainfall :

A rainy season of 3 or 4 months, comprising 2 months of

heavy rainfall, the maximum occurring in August with between 400

and 1,200 millimetres (usually below 1000 mm.).

The dry season, which lasts for 6 to 8 months, is extremely

harsh.

North of this zone is a narrow strip with a transitional

Sahel-Saharan climate, and between 200 and 400 millimetres of

rainfall, occurring chiefly in August.

Last comes the desert climate of the Sahara, with a very low

rainfall of less than 200 millimetres, usually occurring in August.
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Further North, however, this rainfall, though not necessarily

slighter, becomes very irregular, and some areas may remain for

several years without a drop of rain.

To the South of all these arid or semi-arid regions, the

Sudan-Guinea climate is characterized by a much more abundant rain-

fall, totalling between 1000 and 1,750 millimetres.

Winds

The Harmattan is the typical wind of the Sudan-Sahel zone and

conditions life there. It may be terribly dessicating, and ac-

counts for the considerable variations of temperature. A high-

altitude Harmattan forced earthwards by a tornado may, however,

produce a cooling effect.

It is the Harmattan which accounts for the aspect of the

landscape in our zone, parching the ground and exposing it to wind

erosion and, in the southern areas, helping to form ferruginous

crusts.

In summer the monsoon blows from the sea, bringing rain and

fertility and fending off the Harmattan, whereas in winter the

Harmattan is reinforced by the Northern trade-winds. These changes

are accompanied by storms, and the winter begins and ends with a

transition period known as the tornado season.

Local climates

We have just been considering the main features of the Sudan-

Sahel and Saharan climates. But local conditions are apt to modify

these, and several regional climates may be distinguished.

- Sahel-Senegal coastal climate. This is influenced by the

proximity of the Atlantic. In winter the area receives the cool

trade-winds from the North Atlantic, and in summer a short monsoon

from Guinea. The annual mean temperature ranges from 23° to 25° C,

with one maximum period, in October, and one minimum, in February.
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There is an annual rainfall of approximately 500 mm. This climate

prevails only along a narrow coastal strip.

- Sahel-Senegal continental climate. This forms a transition

between the climate just described and that of the Sudan-Sahel

zone itself.

The annual mean temperature ranges from 26°.7 to 28°.3, with

two maximum periods, one in May-June, and the other in October, and

two minimum periods, in December-January and August. The annual

rainfall amounts to between 500 and 900 millimetres.

- Sahel-Sudan Eritrean climate. This is a climate peculiar

to the Eritrean mountains at between 700 and 1,800 metres. The

annual mean temperature varies between 19°.5 and 21°.6 C, with

from two to eight months of cool weather - the minimum temperature

occurring in August, the rainy season - and a hot season lasting

from March to June, with the maximum temperature in April. Rain-

fall fluctuates between 400 and 500 millimetres, but may be as

much as 800 millimetres in the higher parts.

- Eritrean climate. This is a desert climate, with scorch-

ing heat in summer, characteristic of the Red Sea seaboard. The

annual mean temperature varies between 28° and 30°.5 C. The

rainfall amounts to approximately 200 millimetres, and occurs in

the autumn in the northern part of the region and in December in

the South.

- Somali climate. This prevails throughout the Somali penin-

sula and is dominated by the monsoon from the Indian Ocean (autumn

rains) and the Southern trade-wind (spring rains). The annual

mean temperature varies between 28°.5 and 30°.5, reaching the

maximum in February (the first dry season) and the minimum in

July-August (the second dry season). Rainfall fluctuates between

450 and 770 millimetres a year.

- Ethiopian climate. This is the climate of the Abyssinian

massif (over 1,500 metres in altitude). Owing to the very mountainous
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nature of the area, it is more of a rainy and temperate Sudan-

Guinea climate. The features of the climate vary, of course, ac-

cording to altitude. The average annual temperature ranges between

15°.5 and 19°, and the rainfall between 900 and 2,000 millimetres ;

the rains are well distributed over the year, with a fairly short

dry season.
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IV. THE WATER PROBLEM

We have seen what the general system of rainfall is in the

region with which we are concerned. Water is an element essential

to all forms of vegetable and animal life - including Man, for

between 4,000 and 5,000 cubic metres of water are required to

produce one ton of foodstuffs !

1. The water cycle

But where does this precious water come from ?

Virtually all the water useful to Man comes from the sea.

Under the action of the sun, the surface sea-water evaporates and

rises into the atmosphere, where it condenses into clouds.

Subsequently, when the clouds meet a current of cool air,

precipitation occurs and the water falls back to earth in the form

of rain.

But rain does not remain on the surface of the soil :

- it evaporates ;

- it soaks into the ground (infiltration) ;

- it runs away (runoff).

The proportion in which the water runs away, soaks in or evap-

orates varies according to the nature of the soil and the relief of

the ground ; and this plays an essential part in the vital economy

of every region.

Water which evaporates returns to the atmosphere and helps to

form more clouds. This is a simple cycle.

Part of the runoff evaporates later, and the rest collects in

low ground, forming marigots (backwaters) or lakes or else forming

streams or rivers that flow into the sea or into the great lakes.

Runoff is greatest on bare ground with a hardened surface and may

exceed 50% of the rainfall, and even amount to 90% of the torrential rain

brought by tornadoes.
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Only a very small proportion of such water (from 5 to 15%)

infiltrates into the ground, chiefly into the actual beds of lakes,

ponds or streams.

Where the soil is covered with vegetation, on the other hand,

the proportion of runoff does not exceed 5-15%, while the rest soaks

into the ground.

The cycle of this infiltration water is more complex than that

of the runoff water.

Part of it more or less saturates the uppermost layer of the

soil, and is then re-absorbed by evaporation or imbibed by the

plants, which, by transpiration, ultimately restore it to the

atmosphere.

The water which does not remain near the surface sinks down

through the shifting soil until it reaches an impermeable layer.

There it forms a subterranean sheet of water of varying size.

This ground water is said to be free when there is no im-

permeable layer above it. When it is confined between two imperme-

able layers, it is known as artesian water.

Where such water lies fairly close to the surface, the roots

of the trees can reach down to it. They draw it up and return it

to the atmosphere by transpiration. Man can also reach it, by

digging wells. Hence the term phreatic* water.

In some cases the water sinks to a great depth - 1,000

metres or more - and collects there. When detected by scientific

experts, these water stocks can be reached and tapped by the use

of modern well-boring techniques.

Pumping water from considerable depths is of course a costly

process ; but in an artesian well the subterranean water is forced

up to the surface by the pressure of the strata between which it is

confined.

* From the Ancient Greek word for a well.
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The ground water accumulations formed by infiltration also

tend to drain away gradually towards rivers and sometimes, though

more rarely, direct to the sea. They flow in slowly but with great

regularity, whereas runoff may cause sudden dangerous floods.

This shows that it is particularly advisable for Man to control

runoff to the best of his ability, and to promote infiltration.

2. The Water and its uses

Water in all its forms is essential for life. Great quantities

of it are absorbed by plants, grasses, shrubs and trees, whether

wild or cultivated.

Animals of every species make abundant use of it, either

directly by drinking it, or by eating plants.

Of all animals, Man makes the greatest demands on the water

supply, for in addition to his personal consumption he seeks out

and uses water for cooking his food, washing his clothes, and

watering his domestic animals and the plants he cultivates.

In our Sudan-Sahel zone, as we have seen, the rainfall is

generally rather scanty, and above all, concentrated within a

comparatively short period in the year.

Those who live beside streams, rivers or lakes have no dif-

ficulty in obtaining water, but for many peoples this is often a

terrible problem during the dry season.

In such cases people must go to springs, if there are any, or

sink wells, sometimes to a great depth. These springs or wells are

often at some distance from the village, and fetching water thus

becomes a time-wasting and harrassing task for all the inhabitants,

particularly for the women, who have plenty of other things to do.

Sometimes the matter even causes acute anxiety in large towns,

where the population and consequently the need for water is steadi-

ly increasing, while water resources are diminishing to the point

where exhaustion is threatened.
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Take, for instance, the city of Dakar, in Senegal. A century

ago there were only a few huts there ; in 1900 the town had only

about 10,000 inhabitants ; but now it has over 300,000. The water

produced, by a waterworks that uses infiltrated rain-water, amounted

to 100 cubic metres per day in 1900, 3,000 cubic metres in 1926,

12,000 cubic metres in 1939, and 39,000 cubic metres in 1952. As

this was still not enough, prospecting was carried further afield

and it is expected that this will yield the total of 55,000 cubic

metres per day which are needed at present ; but we know already

that 75,000 cubic metres will be required by 1970.

The problem is less acute in country districts, but it exists

nevertheless, for social progress and the growth of population

combine to cause a steady increase in the demand for water. Recent

surveys have shown that in several districts of West Africa the

population is doubling every 35 years.

It is therefore to be expected that the near future will see

more and more intensive exploitation of underground water deposits.

But while many of these deposits are still being fed by heavy local

rainfall, others are left over from remote rainy epochs and consist

of "fossil" water. Thus, while the former will replenish themselves

and can be drawn upon extensively, the latter are liable to become

exhausted and should therefore be used only with great caution.

Man's own direct action may therefore seriously reduce the

water-capital of a region. Variations of climate, too, may have

a harmful effect. This is the case in the Sudan-Sahel zone, where

it has been found that ground water stocks diminish in a period of

abnormally low rainfall.

There are many ways in which Man can cause great harm ; pump-

ing out too much of the ground water may exhaust reserves or even

dry up the supply, cause landslides, etc.. Overfishing a lake may

in some cases lead to a proliferation of plankton and water-weed

which ultimately decay and pollute the water.

Destruction of the vegetation cover, through deforestation or

by overgrazing by domestic animals, increases the runoff at the
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expense of infilitration and thus seriously diminishes the ground

water reserves - not to mention the soil erosion it causes, of which

we shall speak later.

How can these problems be solved ?

Water from springs and streams or rain water can of course be

stored in cisterns, for individual or collective use. 3ut the

springs are sometimes a long way from the place where the water is

needed, and it thus has to be conveyed to the cisterns. Some

regions still use overhead aqueducts of the Roman type. Elsewhere

- in the Northern Sahara, for example - the water is conveyed to

the place where it is needed by way of underground tunnels known

as foggara, which have a slight downward slope and are high enough

for a man to stand upright in them ; above the tunnels, wells are

sunk at intervals, giving access to the water.

But water stored in the open suffers considerable loss from

evaporation. Various ways of preventing this loss have been

adopted, one of the simplest being to cover the surface with a thin

layer of fatty acid, which reduces evaporation by 40%.

In well-developed regions, in the vicinity of towns, the

problem is of course solved by the use of concrete or metal mains,

with pumping-stations which can even drive the water uphill.

Water from streams may be used to irrigate cultivated land

by means of trenches of varying width and length, dug by individual

farmers or by the local authorities.

In Mali and Senegal, for instance, vast areas have been ir-

rigated from reservoirs formed by damming rivers. The Markala

dam, in Mali, is over 800 metres long. There are plans for extend-

ing these irrigated areas over a much wider territory, by flooding

it with water retained by a succession of small dams, when the

river is in spate.

Moreover, sinking deep wells has made suitable for stock-

breeding vast expanses of land which were hitherto useless except

in the winter season. The herds of cattle have thus improved in
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cases was undernourished, and small towns have sprung up round the

well-heads, peopled by tradesmen, craftsmen and teachers as well

as the cattle men themselves.

3. Water and its dangers

River floods are a natural phenomenon which follows a seasonal

pattern, their variations in volume have a cyclic trend of complex

origin. Heavy or torrential rainfall swells the streams and rivers,

which then overflow and flood their banks. The flood may come very

quickly or, on the contrary, may spread quite slowly, halting now

and then as the water spreads over some wide stretch of low-lying

ground. Dams may help to regulate the flow.

Flooding may be beneficial, or it may be disastrous.

When the flood-water withdraws, as it usually does before long,

it leaves a deposit of silt on the ground. If this is not too thick,

it provides additional fertile soil and helps cultivation. The Nile

valley is a familiar instance of this.

If, on the contrary, flooding is too heavy and too prolonged,

or if the floods come in too rapid succession, so that the ground

is under water for too long, fertility suffers and the result is

ruin.

The peasants of the River Senegal valley know this only too

well ; they dread floods as much as drought, and one of their

ancient proverbs goes so far as to say :

" The first year, cultivate your field yourself ;

" The second year, give it to your son ;

" But the third year, give it to your slave".

Sudden, violent floods destroy everything in their path,

including houses and crops, and even wash away the cultivable soil.

The periodicity of floods - i.e. the pattern of succession of

slight and violent floods - has been studied by hydraulic engineers

2 .4
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and mathematically determined, though with a considerable margin

of variation. In the case of the River Senegal, for instance,

there has been a violent flood roughly every 14 years since the

beginning of the present century.

When a swollen river is carrying along a considerable mass

of earth its waters cannot be used for irrigation, for this earth

might block the irrigation trenches and even endanger the germina-

tion of cultivated plants.

The suspended load carried by flood-waters also tends to pile

up behind the dams and silt up the reservoir, putting it out of

use.

To consider a slightly different aspect, the danger of using

dirty or polluted water for everyday purposes can never be over-

emphasized. It may cause serious trouble and act as a carrier for

serious epidemics.

4. Conclusions

Water is essential to every form of life. Man should there-

fore be careful to maintain and if possible to increase the avail-

able store of it. In order to do so, he must promote infiltration

by preserving the vegetation cover of the soil.

Water may be harmful by provoking soil erosion or violent

floods. Man should thus reduce runoff and promote infiltration by

preserving the vegetation cover.

All Men should be able to rely on a quantity of water sufficient

for themselves, their crops and their herds. Wells, cisterns and

pipes can help to supply their needs. But the exploitation of

ground water must be carefully planned and prudently managed.
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V. THE SOIL

1. Nature and composition of the soil

The word "soil" is used to describe the uppermost layer of

the earth's crust. It may be more or less loose or aggregated.

We walk upon the soil, and in it we plant the seed from which our

crops are grown.

But what is the soil made of ?

It is a complex consisting of two groups of elements :

- mineral elements ;

- organic elements.

These form a dispersed system, the media of dispersion being

water and the gases comprised in the mass.

It is not easy to distinguish the constituent elements. If

we drop a handful of earth into a bowl of water, the water becomes

clouded. But after a short time we see that certain components,

the largest and heaviest (such as grains of sand) are settling at

the bottom of the bowl, while the smallest and lightest remain in

suspension in the water.

These are mineral elements (clays, etc.) and organic elements.

All the mineral elements in the soil are produced by decomposi-

tion (mechanical disaggregation and chemical changes) of the rocks

which form the subsoil.

The organic elements are vegetable or animal, living or dead.

They vary in number according to region. They include algae, fungi,

worms, insects, and many species of microbes (e.g. bacteria). It

has been calculated that in the temperate regions every hectare of

soil contains 1,700 kilograms of living creatures, plus 140,000

kilograms of organic matter from dead and decomposed animals and

plants. This decomposed organic matter forms the humus which is

a necessary constituent of cultivable soil.

The living organisms are an extremely useful part of the soil.
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Some of them, such as the bacteria, are essential for the nourish-

ment of plants. They attack and split up the crude organic matter,

and transform it into other elements required by the plants. Small

animals, worms and grubs, as they move about in the soil, help to

aerate and loosen it, and thus contribute to its fertility. And

the carbon dioxide they produce in breathing helps to decompose the

rocks.

Water. As we have already seen, rainwater falling on the soil

penetrates it to a certain depth. On the other hand, the sun's

heat draws the water out of the soil and makes it evaporate,

particularly if there is a wind.

Vegetable transpiration also helps to dry the soil. But on

the other hand, the trees diminish the effect of the wind and their

shade reduces that of the sun's heat ; as a result they slow down

evaporation and compensate for what their transpiration removes

from the soil.

Water which returns to the surface of the soil brings with it

mineral salts from a lower depth, and this is of great importance

for the composition of soils, particularly if such salts are harmful

to cultivated plants.

The gases in the soil come from the air, from the natural

combustion of organic matter, and from the breathing of living

organisms. They consist chiefly of nitrogen, carbon dioxide, oxygen

and hydrogen.

Soils differ considerably from one region to another, under

the influence of the climate and of the minerals which form the

subsoil.

Soil composition affects the formation of the plant associa-

tions on its surface ; and, vice versa, the nature and density of

the vegetation cover affects the soil's content of organic matter.

Vegetable residues enrich the soil and add continually to the

humus which is essential to its fertility.
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Thanks to the presence of humus, the soil agglomerates into

small aggregates, and this is the most satisfactory type of soil

structure, for :

- it increases permeability and thus reduces runoff ;

- it increases water reserves by augmenting the soil's

retentive capacity ;

- it improves the stability of the soil and its resistance

to splash erosion.

All this goes to show that the soil is not mere inert matter,

but a complex structure which is born, develops and dies.

2. Soil erosion

Of all the forms of weathering that affect soil, erosion is

the most familiar, in all parts of the world, and one of the most

spectacular.

Erosion may be caused by water or by wind.

Erosion by water may be brought about in several ways :

(a) splash erosion. Raindrops, as they hit the ground, break

up and disperse the soil particles. The smallest elements are

carried off by the water that runs away, while the heavier ones

remain where they are. The soil then tends to form areas of

differing aspect, with a surface of clay (in hollows) or sand (in

slightly higher places).

This type of erosion occurs in areas with only a slight slope,

where the runoff is therefore slow.

(b) sheet erosion. In this case, the finer parts of the surface

soil are washed away by heavy rain, so that the topsoil is "scraped"

off. It has been found that in a plantation of groundnuts with

only a slight slope (1.3%) the annual loss of soil may be as much

as 1,500 tons per sq. kilometre.

This is one of the most serious forms of erosion, for though

the finer components of the soil accumulate at the foot of the
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slope, the coarser material (stones, etc.) is laid bare and the

area is lost to cultivation.

(c) sheet erosion accompanied_by gullying. In areas which

suffer considerably from the type of erosion last described, an

extensive sheet sometimes forms on low-lying land and presses down

into the original surface of the soil. Runnels of water push this

sheet out sideways, and it undermines its banks on all sides.

The effect of this is very destructive ; there are cases in

Guinea, for example, where 70 cm of soil have been carried off in

only 7 years.

(d) rill and gully erosion. This is the most spectacular of

all. When heavy rain falls on steeply sloping ground, the runoff

hollows out rills, and these grow rapidly wider and deeper, by wash-

ing away the loose soil at their edges, until deep gullies have

been formed.

Various types cf soil weathering occur as an indirect result

of erosion - landslides, mud avalanches or even falls of stones,

tunneling by underground streams, with a danger of the tunnel col-

lapsing, etc..

These different forms of erosion by water occur chiefly in areas

which do not have a thick surface cover of vegetation and are subject

to short periods of heavy rainfall following a dry season which is

very hard on the sparse vegetation.

The Sudan-Sahel zone, with which we are now dealing is one such

area.

Wind erosion takes place chiefly in dry areas, and thus interests

us directly.

It can easily be observed during the rainy season when what

is known as a "dry tornado" occurs. This is a sandstorm which

whirls along whipping up dust and sand.



30.

When the wind blows on bare soil (sand dunes, seashore, a clay-

crust, a field after harvest) it breaks it up, shifts it, and then

lifts the various components up and carries them for varying

distances, finally leaving the underlying rock quite bare.

In very sandy regions, such as dune formations, the wind's

action is clearly visible ; one can watch it gradually pushing the

sand, forming very characteristic ripples along the surface. At

the crest of each small ripple we can see the finest fragments

take off as they are wafted away by the wind.

When the material thus blown away meets an obstacle it piles

up against it and gradually builds a hillock. This is how elementary

sand-dunes are formed. If they are not stabilized by vegetation,

their shape changes and they move steadily forward under the wind,

slowly swallowing up the land that lies ahead of them.

The wind carries soil to much greater distances than might be

supposed. For instance, sand from the Sahara has been found at

nearly a thousand kilometres from its point of departure.

Thus wind erosion is obviously a real danger, particularly when

it acts on bare soil without vegetation.

3. Hardpan formation

This is another form of soil weathering, which may result in

a total loss of fertility. It occurs in the extreme South of the

Sudan-Sahel zone.

Hardpan formation is also known in West Africa as bowalisation,

when the crust is on the surface over large stretches. This is the

last stage of the development.

Hardpan forms when the soil has been heavily leached and the

iron or alumina hydrates washed out and concentrated in a lower

horizon. So long as this is protected by the horizons above it and

by the natural vegetation, it may continue to be permeable to water

and the roots of plants, and thus remains fertile. But when Man
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destroys the vegetation and erosion carries off the higher levels

of soil, the lower horizon at which the iron or alumina has accu-

mulated is brought near to the surface and dries and hardens in the

heat. A hard crust (or "armour") forms and this is characterized,

chemically speaking, by the name of the dominant hydrate - ironpan,

laterite (or ferralite) crust, bauxite crust, etc..

Hardpans may also form through the action of ground water when

this is rich in iron hydrates, which are deposited, dry up, and harden

in the dry season.

Thus, hardpan tends to form in a hot, humid tropical climate

with a clearly-defined dry season.

It should again be noted that this dangerous phenomenon, like

all the harmful developments we have been considering, occurs only

where the soil is without vegetation, so that there is a heavy run-

off and very considerable evaporation and sun-baking.

4. The soils of the Sudan-Sahel zone and their use

The soils of the zone which interests us are classified in

various manners, according to the particular bent of the expert

concerned. We shall touch only briefly on this subject.

In the North of the Sudan-Sahel zone we find the arid desert

soils of the Sahara with sand, rock massifs, etc. Whether there is

any cultivation depends entirely on whether there is any water ;

in other words it is possible in the oases, where water is brought

to the surface from wells, and in the valleys of the intermittent

streams, where water lingers in the subjacent soil.

Further south, we find soils of the steppe type. These are

sub-desert soils, poor in organic matter but rich in soluble salts,

which sometimes form a hard surface crust.

In the somewhat more humid parts (200 to 400 millimetres of

annual rainfall) the vegetation is denser and the soil richer in

organic matter. This is the brown, sub-arid soil, where soluble
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Still further south, keeping pace with the increase in the

rainfall (400 to 540 millimetres of annual rainfall) we find dark-

coloured soils with a higher proportion of organic matter.

Putting the matter simply, therefore, we may say that going

from north to south the soil contains an increasing proportion of

organic matter, but that at certain points in the extreme south

of the Sudan-Sahel zone, this trend is broken by the ferruginous

soils with a tendency to crust.

It goes without saying that this sequence is also broken by

a number of localized phenomena, resulting from the geological

history of the subsoil, the slope of the ground or its uneven

character. Depressions, for instance, tend to be covered with

low-ground black soils ; saline soils occur in places ; and in

the river valleys we find juvenile, but usually extremely fertile

alluvial soils. Similarly, fossil ironpans are found in some areas

where they could not possibly form under present climatic conditions.

The essential requirements for fertility in the soils of the

semi-arid region are freedom from leaching and a relatively high

organic matter content.

That being so it is particularly desirable to use them in such

a way as to preserve their characteristics, without resorting to

irrigation or other artificial methods.

The soil in this area is mainly covered by grasses, and animal

husbandry is thus the chief activity. This does little harm to

the natural environment, provided the herds consist of cattle and

are of reasonable size.

If goats are kept, however, far more damage is done and the

effect is the same as that of overgrazing by cattle.

We shall return in the next chapter to the serious problem

of the damage done by goats, and by bush fires. These fires are

32.



33.

often started by the graziers, who burn the grass in the dry-

season to encourage a fresh and more tender growth.

In these areas, if the soil is not saline and the annual rain-

fall not less than 300 millimetres, dry farming can be practised.

Scanty harvests of Graminaceae (Sorghum or Millet) can usual-

ly be obtained for several successive years, or in alternation

with other crops which need little water, such as groundnuts.

After this the soil must be allowed to rest (lie fallow), so that

the natural vegetation can return. This is the rotation of crops.

The soil exhausted by cultivation can thus recover gradually

and be ready for further cultivation. But a sufficient lapse of

time must be allowed between two periods of cultivation, otherwise

the soil's reserves of organic matter will be exhausted and it

will become incapable of producing a crop.

This is where farmers in our region unfortunately often go

wrong.

Where possible, attempts are often made to introduce irri-

gated cultivation, growing cotton, rice, and sometimes leguminous

plants for artificial fodder, or to be dug into the ground and

used as green fertilizer.

We have already noted this irrigation problem and mentioned

the dams erected for that purpose in the valleys of the Niger and

Senegal.

Irrigation often produces very useful results ; but it is not

without its dangers.

In the first place, the land to be irrigated must be cleared

of all wild plant life before crops can be obtained. This means

that it is exposed to wind erosion in the dry season, and to

erosion by rainfall in the rainy season, so that it becomes essential

to apply the principles of soil conservation.



When the water used in irrigation is somewhat saline, it

naturally adds to the salt content of the soil. This threat must

be averted by draining.

Furthermore, irrigation inevitably diminishes the fertility

of the soil, for the latter's content of organic matter is partly

due to the fact that the dry season protects such matter from

destruction by microbes. Lastly, the water carries away certain

fertilizing elements, and thus increases the acidity of the soil.

Many other Man-made causes may contribute to the disintegra-

tion of the soil.

For instance, the use of ploughs or agricultural machines in

regions with a dry climate may lead to a dangerous sterilization

of the soil which, stirred to a considerable depth and made very

loose, becomes extremely vulnerable to wind erosion.

5. How can we protect the soil ?

As we have seen, the chief causes of destruction of the soil

are :

- the destruction of the vegetation cover, which leads to

water erosion and wind erosion and, in certain regions, the forma-

tion of sterile ironpans or laterite crusts ;

- overgrazing, which helps to destroy the vegetation cover

and breaks up the soil, thus rendering it subject to erosion ;

- shifting cultivation, with fallow periods not long enough

to permit reconstruction of the organic elements ;

- an injudicious use of agricultural machinery, which makes

the soil too loose and exposes it to erosion ;

- bad irrigation, which causes the saline solutions to rise

from the subsoil to the surface, leaves the soil too long bare and

exposed to erosion, or does not expose it sufficiently to the

necessary action of the sun ;

- bad methods of cultivation, such as ridging in the direction

of the slope, which intensifies runoff and lets all the cultivable

34.
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soil be washed away.

This shows that exploitation of the soil must always be preced-

ed by a careful study of the natural factors and their possible

reaction to human intervention.

In the first place, the soil itself must be thoroughly under-

stood. Its nature will decide what form of cultivation suits it,

to what depth it can safely be ploughed, the duration of crop

rotation and fallow periods, etc..

Before commencing irrigation, it is essential to know not only

the nature of the soil, but also the chemical composition of the

water that will be used, and the volume available at different

seasons. The duration of flooding, dry intervals, etc., must also

be calculated, in the light of local conditions.

When the soil is poor or impoverished, new organic or mineral

components must be added to it. Fertilizers can be used for this

purpose.

Industrial fertilizers are to be had, but it is also possible

to use the dung of domestic animals, when these are kept together

in pens or folds.

In areas where flocks move from place to place, the excellent

arrangement of leasing grazing rights is sometime practised. This

allows the nomadic grazier to keep his flock for an agreed period

on the millet-fields of a settled farmer - after the harvest, of

course. The farmer pays the grazier a certain sum in cash or in

kind, and his land is fertilized by the droppings of the animals.

In small plots of land where food-crops are to be grown, the

yield of the land can be considerably improved by burying domestic

refuse in it.

The "green fertilizer" method consists in ploughing in legu-

minous or graminaceous plants, which may be wild or have been grown

for the purpose - the end of a fallow period being a convenient

time. The ploughing-in must take place before the end of the
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rainy season, so that the plants thus buried have time to decompose.

Consequently, although its results are good, this method is a

laborious one - for work is needed to cultivate a plant simply for

burying, with no prospect of a real harvest until the following

year.

If the soil is already somewhat eroded this can be remedied,

at least in part. One or more of the following methods have to be

adopted according to the circumstances :

Keconstitution of the vegetation cover by means of self-sowing

plants, but naturally not until the causes of erosion have been

stopped (overgrazing, bush fires, etc.). The plants used need to

be quick-growing and with a good resistance to heat. Naturally,

their choice must be determined by local possibilities ; the

sturdier Graminaceae (Imperata) and small shrubs (Guierra, Bauhi-

nia) are suitable strains.

Terracing. Where the ground slopes too steeply, cultivation

on flat, or very gently sloping, terraces will prevent excessive

runoff. The ground must therefore be flattened in strips running

across the slope, the front of the step thus formed being supported

by embankments of earth or low walls. There must, however, be a

carefully planned system of outlet channels to enable the water to

drain off normally.

Small dams. Even if gully erosion has already set in, it can

be slowed down, and often even stopped, by building small dams in

the gully beds to hold back the water and capture the alluvial soil

it carries with it. This soil gradually accumulates, fills up the

dam, and provides a fertile ground for fresh vegetation.

The best method is to erect a series of little dams, 30 cm.

high, along each gully. These may be constructed in a variety of

ways, using local materials such as :

- branches woven into hurdles, and anchored by wooden stakes ;

- two rows of wire-netting anchored by stakes, with earth

tamped down in between ;
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- stones, preferably flat ones, held by stakes, branches or

wire-netting, the interstices being stopped up with earth.

In any case the two ends of the dam must be driven firmly into

the banks and, if possible, into the bed of the gully, so that the

water cannot flow round it. Also, to prevent the base of the dam

from being undermined, the bed downstream should be reinforced with

branches, wire-netting, or firmly set boulders.

Fixation of drifting sand. In sand-dunes, and in places where

the soil is subject to intense wind erosion, perhaps as a result

of excessive trampling by cattle, it must be stabilized.

This entails planting what are known as shelter-belts or

wind-breaks. These may consist of trees, such as Eucalyptus,

Cassia or Filao, which were used to fix the coastal sand-dunes in

Senegal, etc.. Shrubs like Euphorbia (Salanes) or other sturdy

plants suited to local conditions may also be used.

Yet another method is to set up a series of low fences composed

of branches, palm-leaves, etc., held up by stakes.

This breaks the force of the wind, the soil ceases to drift,

and a vegetation cover of low-growing plants is soon reconstituted,

to fix the loose soil once and for all.

Strip cultivation. This method of soil conservation is ef-

fective as a protection against either wind or water erosion.

The idea is to cultivate alternate strips of plants which have

complementary characteristics, i.e. alternating hoed_crops which do

not retain the soil well (cotton, etc.) and species which provide

a good cover (graminaceous and leguminous plants). The choice will

naturally depend on the type of erosion to be prevented,

Strip cultivation can be arranged in several different ways :

- following the contour lines (very effective against water

erosion) ;
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- transversally, at right-angles to the slope (less effective,

but easier to lay out) ;

- in straight lines, on level ground (as a protection against

wind erosion), but at right-angles to the direction of the prevail-

ing wind.
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VI. VEGETATION

1. The vegetation cover

Except in the utterly desert areas, of which there are very

few, the soil bears small or large plants, grasses or trees, form-

ing what is known as the surface covering or vegetation cover.

As we have already seen, the different types of climate in

Africa North of the equator run in parallel bands at right angles

to the meridians.

As we have likewise seen, the soils of that region also run

in parallel bands, more or less coinciding with the climatic zones.

It is therefore not surprising that the plants, so closely

dependent on soil and climate, should display specific distribu-

tion patterns and characteristic associations, of very variable

aspect, which are similarly found in bands roughly parallel to

the equator.

Even the little local climates have their direct influence

on the aspect and density of the vegetation.

In the light of these different aspects of the plant population,

with the composition of their flora, botanists have been able to

map out a number of large zones.

They have classified Africa North of the equator as follows :

1. A Guinea-Congo zone, lying along both sides of the equator

and extending from the Atlantic seaboard on the West to the

mountains forming the spine of the Congo on the East.

This zone has a humid equatorial climate and its vegetation

takes the form of high forest, a magnificent concentration of

gigantic trees hung with tropical creeper and adorned with parasitic

plants.

2. A large zone extending from Senegal to the Nile (other-

wise known as the Sudan-Guinea region), stretching in the north
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to the edge of the Abyssinian massif.

This corresponds approximately to what is known as the Sudan-

Guinea climate.

Here the vegetation consists of savanna covered with tall

grass and light, dry forest with trees wide apart and of medium

height ; many of them shed their leaves in the dry season.

Naturally, travelling southwards we see a gradual transition

to dense forest, while moving northwards we find the vegetation

thinning out.

Along the river bank we find terraced forests more or less

reminiscent of the dense equatorial forest.

The Somali area, to the East of the Abyssinian mountains, may

be classified with this zone, though it is much drier and closely

related to the following type.

3. Our own large Gudan-Sahel zone, lying to the North of the

previous one and extending right across Africa, from the Atlantic

(Mauritania) to the Red Sea (Eritrea).

We have already noted the characteristics of the climate in

this region.

Here the vegetation is of the same type as that of the pre-

vious region. But as the rainfall diminishes, the dry season

grows longer and the Harmattan produces its destructive effect,

the light forests and wooded savanna which are found further South

change into savanna and steppe covered with thorny scrub ; the

grass is not so tall, its tufts are more widely scattered, and in

places it even disappears altogether.

4. The Sahara area. The Southern edge of this forms a

transition to the Sudan-Sahel zone, but in a northerly direction

the vegetation gradually becomes more scanty. The flora combines
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Sudanese and Mediterranean elements, in a proportion which varies

according to the latitude.

5. The Abyssinian area, part of which is dovetailed into

our own, is mountainous and has a rainy climate of the Sudan-Guinea

type.

It naturally displays a quite individual form of vegetation,

which varies considerably at different altitudes and on different

sides of the mountains.

6. Miscellaneous. Mention should also be made of the mountain

forests of Eritrea, Somali and Ethiopia, composed of African juniper

(1600-2900 m . ) .

These are dry forests, with trees growing to a height of 30

to 40 metres. They have a very dense undergrowth of grasses, ferns

and evergreen shrubs.

2. Role of the vegetation cover

We all know, of course, that plants are of great direct use

to Man, who eats the roots, seeds or fruit of wild plants, grazes

his flocks on them, or uses their wood.

He may also establish a useful vegetation cover for himself,

by cultivating the plants he needs for food or for his work.

There may therefore be said to be three types of vegetation

cover - forests, grassland, and cultivated fields.

We have already noted, and dwelt at considerable length on

the fact that the vegetation cover protects the soil from erosion

by rain and wind and facilitates the infiltration of water (while

reducing harmful runoff), thus helping to increase the ground

water reserves.

We must never forget that there is a primordial relationship

between plants, soil and water.



Lastly, the relations between plants and animals are extremely

close. Plants provide food for wild and domestic animals, Mammals,

Birds, many species of Insects, etc..

Thus, the presence of a particular plant is indispensable to

certain animals. And animals may destroy certain plants. For

instance, Cochineal beetles (Hemipterous Insects) have been imported

into some regions to destroy the Cactus plants, the rapid spread

of which was an obstacle to sheep-rearing.

Conversely, animals may be helpful to plants ; flowers may

be pollinated by Insects or Bats, seeds scattered by Birds, etc..

In considering the natural balance, we have already noted the

example of the plant and animal complex centred on the Palm-tree.

Trees

Trees form forests, in which they may be close together or

wide apart. Man relies on trees to supply him with firewood, with

the beams or posts he needs for building his huts, with the trunks

he hollows out to make his canoes, and with the raw material for

a host of objects indispensable to him in his work or the equipment

of his home.

It is from wood, too, that he manufactures paper and cellulose

textiles.

Thus, trees are a natural wealth, and one which Man is neces-

sarily obliged to exploit. It may be exploited, but it must not

be devastated.

Trees play a considerable part in protecting the soil.

Even if their leaves are small and sparse, they form a screen

between the rain and the soil. The rainwater runs over the leaves

of the tree, along the branches and down the trunk, on its way to

the ground.

Moreover, the roots of the tree hold the soil firmly, pro-

tecting it from the full force of running water or raindrops.
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The soil is also made more permeable and aerated by the tree's

roots, and can thus absorb a greater quantity of infiltration water.

Under the trees, the soil is rich in organic matter and living

elements (Insects, Worms, Bacteria, Fungi, etc.). This soil acts

like a sponge, holding the water well.

Grassland

This is a vegetation cover consisting of low plants, parti-

cularly Graminaceae. It is when these plants grow close together

that the vegetation cover really deserves the name of grassland ;

but for the sake of convenience we shall retain the word even for

areas where the tufts of grass are widely scattered, as in the Worth

of our zone.

Grasslands are the chief source of nourishment for flocks of

domestic animals.

When they are closely set, low-growing plants give excellent

protection to the soil. The surface of their leaves makes a use-

ful screen against the hard splash of raindrops.

They have considerable roots, which form large bunches ; indeed

some of them, particularly in arid regions, have extremely long

roots, sometimes over 15 metres in length, which thrust deep into

the ground to find moisture. All these roots hold the soil-

particles together in a close network.

In sandy arid regions we find certain creeping plants, which

reach a great length and are anchored to the ground at intervals

by bunches of roots. Clinging to the soil in this way, and firm-

ly held by their roots, they form a tight mesh which holds down the

sand and gives protection against wind erosion.

When rain falls on dense grassland, the water gradually

infiltrates into the soil and runoff is negligible - it may be less

than 1% if the ground is fairly level.
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It has been shown in Europe that cultivated land may lose a

layer of soil 15 cm. thick in 50 years, whereas it takes 3,500

years for the same thing to happen on grassland.

Naturally, the thinner the growth of these tufts of low-grow-

ing vegetation, the less protection they give.

3. Enemies of the vegetation cover

The vegetation cover is threatened simultaneously by natural

phenomena and by human activity.

The natural phenomena are mainly climatic variations. As we

have already seen, present-day climates are tending to become

drier. In all parts of Africa the desert is spreading, visibly

and with comparative speed.

The desert is extending southwards, and at the same time,

further South, the botanic species characteristic of arid lands

are taking the place of the lightly wooded savanna, while these

latter are encroaching upon the denser savanna and it in turn

edges towards the forests.

For instance, in the Ennedi area of Tchad, botanists have

found a few rare specimens of trees which no longer reproduce them-

selves. These are the survivors, doomed to extinction, of the

ancient Sudanese flora, which was more luxuriant than that of the

present-day Sahel.

These threats are the result of climatic changes, and cannot

be averted.

But vegetation is also the victim of Man, who is destroying

the plant cover with his own hands, by constant depredation and

irrational exploitation. The damage is even greater than it seems,

for once the vegetation cover begins to diminish, the runoff-

erosion process sets in, the fertile soil vanishes and the water

reserves diminish. Thus, the plants which escape direct destruction

by human hands are threatened by the disapperance of those things
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on which their life depends.

In Europe a widely-distributed poster bears the following

slogan :

DEFORESTATION = EROSION

EROSION = DESERT

What applies to the destruction of the European forests ap-

plies no less to the destruction of the trees and grasslands of

the Sudan-Sahel zone.

But in what way does Man damage the vegetation cover in our

part of the world ? In many ways :

- By cutting down trees for his personal needs or to make

things with ;

- By bad farming ;

- By overgrazing by his domestic animals ;

- By burning off the vegetation.

These last two methods of destruction are so serious and so

frequent that we shall deal more fully with them presently.

Most people will have noticed that the trees in the vicinity

of towns and large villages disappear in course of time. Little

by little their branches are lopped off, and finally they are

felled to provide wood for cooking-fires, for building houses or

huts, or for making domestic articles or tools for craftsmen and

farmers.

Nowadays when wood is needed, it is often necessary to go a

long way for it ; this wastes a lot of time and is very tiring.

Man has been improvident. He has taken whatever he wanted

then and there, regardless of his future needs or those of his

children.

Trees are a form of capital, which must not be squandered.

If they cannot be left undisturbed they must be replaced, by

planting carefully-selected saplings at suitable spots. They must
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be watched over and protected from the damage that may be caused by

domestic animals.

There are plenty of wild species which grow fairly quickly and

can be made to spread without much labour. Another, though less

satisfactory method is to plant imported trees chosen to suit local

conditions, such as Filaos, Cassias, Prosopia, Eucalyptus, etc..

This has the further advantage of protecting the soil against

erosion and adding to the store of fertilizing organic elements.

Many peasants, when about to cultivate a plot of land, clear

it completely - not content with pulling up all the grass and

scrub, they cut down all the trees as well. This, of course, as

we have already mentioned several times, drastically reduces the

resistance of the soil to erosion, and depletes its supply of

organic matter.

In some regions the farmers have realized this, and now leave

certain useful trees standing in their fields - trees such as the

tamarind and the Acacia albida, which help to maintain the natural

balance in dry areas.

The method of cultivation is important too, because cultiva-

ted plants form an artificial vegetation cover. We have already

referred at some length, when discussing the soil, to harmful

methods of cultivation, such as an unbalanced rotation of crops

and insufficient fallow periods.

4. Overgrazing and goats

Since the beginning of this century the growth of the human

population and the advent of an era of peace have fostered a

considerable increase in the number of livestock.

More recently, the authorities responsible for the agri-

cultural water supply have established many new watering places,

thus enabling herds to graze in districts hitherto closed to them

for lack of water.
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It goes without saying that an increase in the mumber of live-

stock is altogether desirable, on condition that it leads to an

improvement in the standard of living of the population,

Unfortunately this is not always the case. In come parts

of the Sudan-Sahel zone, cattle are practically never slaughtered

for food ; for a kind of cult for large herds prevails and tradi-

tion demands that the owners shall never eat their cattle taut

only drink their milk. Horned cattle are virtually useless to

their owner, but they give him an aim in life, for a man's reputa-

tion and the esteem he enjoys depend on how many head of cattle

he possesses. This is an outdated way of life, incompatible with

the poverty of certain regions and the growth in their human

population.

For cattle live at the expense of the vegetation cover ; they

eat the grass, the low-growing plants (including the young shoots

of saplings) and the lower branches of full-grown trees. By

trampling the soil they loosen it and thus make it more liable

to erosion.

If the livestock in a particular region is kept to a reason-

able number of head, no serious harm is done to the vegetation

cover and the natural balance is not destroyed.

But if there is no such limitation, the vegetation is com-

pletely destroyed, the soil broken up and exposed ; after that

come heavy runoff, erosion, and finally desert.

This state of things is unfortunately frequent in the Sudan-

Sahel zone, where the ground has been laid waste in the immediate

neighbourhood of many of the new wells which, as we mentioned

just now, have been sunk in certain districts. This is because

too large herds have gathered around the water holes which supply

them with enough to drink, whereas the vegetation cover is insuf-

ficient to feed so many hungry mouths.

In most cases, however, the harm done to vegetation by cattle

is still not very great. The real enemy of the plant cover is
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the goat, and the harm it has done in many parts of the world is

tremendous.

Goats provide Man with meat and a little milk ; but they are

his worst enemies for all that. The deforestation of the entire

Mediterranean basin is due to them.

The damage they cause throughout the arid and semi-arid

regions of Africa is no less considerable.

A striking example of this is provided by the island of

St. Helena, in the South Atlantic. This island was discovered in

1502 ; it was then clothed in forest. In 1613, Europeans brought

goats there. Two hundred years later practically all vegetation

had been destroyed, and though all the goats were at last slaughtered

in 1810, it was too late - the trees had gone for ever and runoff

had carried away all the topsoil.

In the Sudan-Sahel zone, especially the northern part of it,

the damage done by goats is clearly evident, though there is less

sign of it in the southern regions.

Sheep live chiefly on grass, whereas goats prefer the leaves

of shrubs and trees. Cows can manage with drinking only every

other day and can therefore travel to a distance of 15 to 20 kilo-

metres away from their watering-place ; but goats cannot go more

than 5 kilometres from water.

It is thus not surprising that by the end of the dry season,

the whole area round a well has been stripped of vegetation. The

goats can no longer find a blade of grass or a leaf within their

reach.

The goatherds then come to their aid, bringing down the higher

branches of the trees so that they can get at them. The men lop

off the branches and throw them on the ground ; or, more often, so

that the leaves shall remain green as long as possible, they make

a gash in the branch and bend it down, without cutting it right off.
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This mutilates the trees terribly, and in the end it kills them.

Not to mention the fact that so many dry branches make ideal kindling

wood for bush fires.

Finally, the trees and shrubs lose their regenerative power

and the natural vegetation of the area is destroyed. All that re-

mains is a few widely scattered tall trees, with no young growth

among them. Still later, these trees disappear and we have a gras-

sy steppeland, devoid of trees except those of which goats will

not eat the leaves (such as the Combretum).

This is particularly disastrous in a region where the vegeta-

tion is sparse, by no means robust, constantly threatened with

drought, and directly exposed to the climatic factors which tend

to produce a desert.

How is this state of things to be dealt with ? For in our

impoverished regions there can be no question of destroying the

goats as on St.Helena.

Since we cannot get rid of the goats, we must see that their

depredations are kept within bounds.

As it is unavoidable to feed them on the leaves of trees, the

thing must be done sensibly and not carried to extremes.

The first step, therefore, is to prohibit the partial tearing

off of branches, which injures and exhausts the tree and provides

fuel for bush fires.

The branch must be completely severed with a clean cut, and

laid down for the goats at some distance from the trunk.

The number of branches to be cut from one tree over a given

period must be stipulated, so that new shoots may have time to grow.

There must therefore be a certain rotation in the removal of

branches from trees according to the density of vegetation in the

district concerned, the length of the dry season, and the time

required for regeneration of the plants.



In areas which have already been deforested, steps should be

taken to replant trees around the water-holes, thus preparing shady

grazing-grounds for the future.

This, of course, requires firm discipline. As a beginning,

a chosen area must be cut off and protected from grazing. Care-

fully selected seeds of trees must then be sown.

This is quite a job. It must be directed, needless to say,

by experts from the forestry and agricultural services ; but the

voluntary co-operation of the entire local population will be

necessary as well.

Since this is a matter of general interest, everyone should be

ready to help. Should it unfortunately prove otherwise, even the

goats will soon be unable to survive ; many areas will be reduced

to desert, and the inhabitants will have to seek some other spot

in which to settle - and which, again, will soon be made barren by

their improvidence.

5. Burning the soil covering

Fire is a well-known and terrible foe to vegetation, parti-

cularly in dry regions such as ours.

Fires may be started by natural causes, or by Man.

Lightning may set fire to the vegetation. This does not

happen very often, except in mountainous districts, and even then

the result is seldom serious, for as lightning is usually accom-

panied by rain, the fire does not spread, and soon goes out when

its potential fuel gets wet.

But Man himself starts bush fires in the dry season, and this

for various reasons - cultivation, stock-breeding, or hunting.

When the dry season is a long one, as it is in the Sudan-

Sahel zone, the vegetation cover, consisting of tall grass, dries

up very quickly once the rains are over. The husbandman who

wishes to bring more ground under cultivation must first clear it
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of dry grass and scrub. The simplest and least fatiguing way of

doing this is, of course, to start a fire.

Unhappily, the fire does not stop at the edge of the plot

intended for cultivation. Driven by the wind, it spreads, some-

times for a great distance, destroying everything in its path.

In other cases, fires are started by graziers or hunters, be-

cause the destruction of the dry grass is quickly followed by a

fresh growth, agreeable to domestic animals and attractive to game.

Furthermore, hunters sometimes set fire to the bush in order

to round up the game, which they afterwards slaughter mercilessly,

killing all animals irrespective of their usefulness, sex or age.

In point of fact the benefits to be gained by such methods are

almost wholly imaginary. The fertilizing capacity of the ashes

is insignificant, whereas the destruction of the living elements

in the humus represents a considerable loss.

Experiments carried out in Senegal have shown that in a bush

fire the soil temperature may rise to 140° C., while at a height

of 50 cm. above ground-level it may exceed 400° or even 500°.

Meanwhile, there is practically no change of temperature below

the surface.

The high temperature observed above ground-level must obvi-

ously have its effect on the trees - even if they are not actually

destroyed by the fire - and on the seeds of any plants in the

vicinity, which will be either destroyed or so seriously damaged

that they cannot germinate.

Similarly, the fact that the heat does not penetrate to the

roots explains why the grass puts out the fresh growth that stock-

breeders and hunters are so eager to obtain. But the same stimu-

lating effect is produced on wild plants, which from the husband-

man's point of view are weeds.

These latter are not only a nuisance to crops, but they do harm

in the bush, by impeding the growth of young tree-shoots.
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All the more so since the regrowth consists chiefly of grami-

naceae with rhizomes, which have greater resistance to fire but

have little value as pasturage, even in the wet season. Thus, if

a balance is established, it is formed by useless plants !

Obviously, the more parched the vegetation has become, the

more damage will be done by bush fires. Fire is thus most danger-

ous of all at the end of the dry season. On the other hand, a fire

started when the vegetation is not yet completely dried up will leave

large areas untouched ; but it will have an even more disastrous

effect on the seeds which are still standing on the plants.

To sum up, we may point out once again :

- that the vegetation cover is in danger from the practice of

setting fire to the vegetation cover ;

- that this, like all other injuries to the vegetation cover,

seriously reduces the fertility of the soil. Even apart from the

immediate effect of the fire, the soil is laid bare, exposed to

runoff, erosion or the formation of laterite crusts, and thus

exposed without protection to the scorching sun, its bacterial

population is destroyed.

6. How can we protect the vegetation ?

Vegetation is essential to Man : it feeds him, directly or

indirectly, counteracts erosion, and regularizes the water cycle.

Consequently, the vegetation cover must not be impaired

except when absolutely necessary, and then only with due heed and

moderation.

Great restraint must be shown in lopping off branches or fel-

ling trees for firewood, woodworking or building purposes. As

compensation, it is essential to replant quick-growing trees in

the neighbourhood of towns and villages, to replace those which

are cut down.

Crops which exhaust the soil and expose it to erosion require

a well thought out rotation system, alternating with adequate fallow
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periods and a judicious use of green or chemical fertilizers.

Stock-raising should not be extended beyond the capacity of

the grazing-grounds. Cattle should be bred solely for useful

purposes, not merely for "prestige".

Whenever possible, cattle should be bred in preference to

goats, which are a serious threat to vegetation.

while tree-browsing is unavoidable, it is necessary :

(a) to prohibit the partial tearing down of branches, making

sure that branches removed to feed goats are cleanly and complete-

ly severed and laid on the ground at a distance from the trunk of

the tree ;

(b) to use grazing grounds in rotation, so that the vegetation

may have time to recover ;

(c) to provide for the reafforestation of the grazing area by

planting seeds of carefully selected species in fenced-off plots.

(d) to prohibit as far as possible the deliberate burning of

vegetation.

Where burning is absolutely necessary, steps must be taken

to ensure that any fire which is started must be kept strictly

under control and not allowed to spread to the whole district.



VII. ANIMALS

1. Animals and their habitat

Like Man, animals are in direct relationship with their en-

vironment .

The animal's habitat affects it in many different ways :

- by supplying its natural food, whether animal or vegetable.

Whether the supply is abundant or scanty, constant or seasonal,

will depend upon the climate and the soil. The biological or

chemical composition of the water may also affect the supply of

feedstuff.

- by providing it with shelter - shrubs, grasslands, trees of

different heights, gullies, caves or scree - or with observation-

points from which it can watch for enemies - such as dead trees,

ant-hills, isolated rocks, muddy water, etc..

- by stimulating its reproductive instincts. In the majority

of animals, particularly birds, the reproductive cycle is condition-

ed by physical factors such as the strength and daily duration of

the sunlight, the nature and quality of the food-supply, the

temperature, etc..

In the case of Insects, atmospheric humidity plays an essen-

tial part, for it determines both their individual activity and the

periods of genital activity in the whole species. Thus, the geni-

tal activity of the migratory Locust does not come into play

except at an average relative humidity of between 60 and 80%, and

the development of the larvae of these Insects is also activated

as humidity increases.

- by stabilizing the animal population or provoking their

migration or scattering. The movements of the Addax, the Oryx

and the migratory Locust - the last of which is of such signi-

ficance to Man - are conditioned by natural factors, such as

water and food.

The wind scatters certain small organisms far and wide.
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- by affecting the morphology of certain animals ; parasitism

leads to morphological changes in the host or the parasite, or in

both.

- by killing the animal (by drought, cold, etc.). The advance

of the desert has eliminated many Sudanese animals from the Sahara

region in recent times.

Animals may also be destroyed, indirectly, by the destruction

of their environment - for instance, if it is brought under cultiva-

tion by Man.

The animal acts on its environment

Feeding is of course the simplest form of such action. The

animal feeds on plants or other animals.

Thus, the number and behaviour of a particular species of

animal has a direct influence on its environment.

The mere presence of a species may affect its environment in

a variety of ways :

- by checking the spread of certain species of plants.

The herbivorous animals reduce vegetation by their feeding habits.

In the case of wild animals the effect is negligible, but we have

seen that domestic animals, particularly Goats, may have a

disastrous influence.

- by changing the physical structure of the landscape. We

have also seen that by destroying the vegetation and trampling

over the ground, flocks and herds lay bare the soil to erosion,

thus contributing to the spread of the desert.

In some regions the course of rivers may be changed by

Hippopotamuses and even by Fish.

It must also be remembered that many sea creatures (Molluscs,

Crustacea, Foraminifera, etc.) have helped, and are still helping,

to build calcareous, siliceous and argillaceous strata in the soil.
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- by checking the spread of other species of animals. The

aggressive behaviour of the predatory animals (Lions, Hyenas, the

lesser Carnivora, Birds of prey, Reptiles, Insects, etc.) may

destroy ox- limit the growth of other species.

The sense of territory, which is sometimes strongly developed,

especially in Birds, prompts certain animals to drive others away

from areas of varying extent.

Some animals are carriers of pathogenic germs, which they may

pass on to others, and this can wipe out a whole species, heavily

reduce its numbers, or weaken its physique (diseases and their

consequences).

- by extending the habitat of other animal or vegetable species.

Animals which provide others with their principal source of nourish-

ment (such as aquatic plankton) may be so abundant as to facilitate

the proliferation of those that prey on them.

Domestic animals, in moving about, may disseminate other

animals (parasites) or plants (seeds carried in the wool of sheep

or the hair of goats). Migrant Birds carry many seeds in their

plumage or in their digestive tract.

The corpses or excreta of some animals are eaten by other

animals, or contribute organic elements to the soil and. thus foster

plant life.

Many plants depend for reproduction on the presence of pol-

linating animals (Insects or Bats).

The animal is itself an environment

The foregoing observations illustrate the close relationship

between the animal and its environment.

But the animal is itself the habitat of many other organisms.

It carries numerous external parasites (Fleas, Lice, Ticks,

etc.), others which live in its skin (Chiques, Itch-Mites, the

larvae of Flies) and others which are internal (Worms, larvae of
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Flies, all kinds of Microbes).

These parasites often support parasites of their own, and so

on and so forth.

While the parasite, of course, lives at its host's expense,

the latter may suffer from the parasite's presence and, in many

cases, die of it. In some instances, however, the host is not

inconvenienced by the parasite and may even benefit from it.

Furthermore, many organisms live in the bodies of other

animals without disturbing them ; indeed, they are sometimes neces-

sary to the host's existence. Thus, certain Flagellata inhabit the

digestive tract of many plant-eating Insects, and help them to

assimilate the cellulose they absorb. Other Flagellata live in

the caecum of Ruminants, and it has been estimated that they

supplement their hosts' diet by a daily protein contribution of

between 200 and 300 grammes.

Thus, the animal is itself a complex environment, the various

parts of which have a relationship to the whole and a simultaneous

relationship to other elements of the external environment.

The animal's influence on its environment is thus in itself

a complex one, since it may result either from its own behaviour

or from that of the components of the environment it constitutes.

2. Useful animals, harmful animals

The concept of useful animals and harmful animals is a purely

human one. Animals form part cf the general balance of the natural

world. In themselves they are neither useful nor harmful ; but

to Man, of course, they may be either one or the other.

Many species are unquestionably harmful to Man :

- Microbes which cause serious illnesses, such as the

Spirochaeta which are responsible for recurrent fever, syphilis,

yaws and yellow fever, the Amoeba that cause dysentery, the Trypan-

osomes that cause sleeping sickness and leishmaniasis, the Plasmodium

that causes malaria, etc..
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- Parasitic Worms, which cause serious disturbances or bring

disease (onchocercosis).

- Animals of various kinds which raid crops, such as the

millet-eating family of Birds, the migratory Locusts, etc..

- The Insects and Mites which carry the diseases mentioned

above - such as Mosquitoes, Fleas, Sand-flies, House Flies and

Ticks.

On the other hand, many wild animals are useful to Man :

- Birds which destroy harmful Insects (Swallows, Storks,

etc.) or live on the Rodents which damage crops and carry patho-

genic germs (the diurnal and nocturnal Birds of prey, the Hornbill,

the various kinds of Waders).

- Game, which adds, sometimes substantially, to the human

meat-supply.

- Fish, which play an essential part in the nutrition of whole

populations.

- Parasitic or predatory Insects, which destroy considerable

quantities of harmful Insects. Many Insects are also used for

food, sometimes adding appreciably to the supply of protein ; these

include Caterpillars, Termites, Locusts, certain Bugs, etc..

- Bees, which provide honey, and the various Insects which

pollinate cultivated and wild plants.

These, of course, are only the simplest examples of harmful

and useful animals. Everyone can think of others, more or less

important from one region to another.

In fact, however, the position is not always so clear.

Wild beasts such as Lions and Leopards are often regarded as

harmful, for in some cases they are a real danger to Man. This is

undeniable ; but on the other hand, they prey chiefly upon weak

or diseased herbivorous animals, thus preventing the spread of

certain maladies (such as cattle-plague). Hence, in some regions,

the Leopard is now protected.
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The same applies to the Crocodile (often erroneously called

"Cayman" in our region). It has been discovered that Crocodiles

chiefly attack sick Fish, which are easier to catch than healthy

ones ; as a corollary, the extermination of Crocodiles in certain

places has helped to spread disease, so that the Fish have become

scarcer than they were when preysd on by the Crocodiles. Hydro-

phobia was found to increase in Madagascar after the Crocodiles

were exterminated, because they used to eat sick dogs.

Even poisonous Snakes do good, by destroying quantities of

harmful Rodents.

To sum up, it may be recalled that all animals play their part

in the balance of Nature, and that their usefulness or harmfulness

to Man is not always discernable at the first glance.

The destruction of a particular species which has been

pronounced harmful on the strength of isolated incidents, may prove

in the long run to have done far more harm than good. Any such

measures should therefore be carefully considered, and permitted

only on condition that the greatest precautions are taken.

Even the destruction of harmful Insects raises serious problems.

In many cases the large-scale use of insecticides over a whole

region has had disastrous effects. For while the harmful insect

is destroyed, so, unfortunately, are many others - Bees are wiped

out, and with them the honey supply ; Spiders and predatory or

parasitic Insects are exterminated, leaving new harmful species to

develop unhindered, over a long period ; their development is also

facilitated by the disappearance of insectivorous Birds.

There can be no doubt that the biological method, though more

difficult and requiring longer preparation, is much more effective

and at the same time less dangerous ; this consists in increasing

and spreading a particular parasite which does much to keep down

the harmful species and no other.

Needless to say, every precaution must be taken, through

exhaustive scientific research, to ensure that the parasite will
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not exceed its instructions and attack other species which are use-

ful or harmless.

3. The destruction of animals

It is well known that during successive geological epochs,

many species of animals have become extinct.

Some of these succumbed to changes of climate, epidemics,

the battle with other species for survival, etc.

In comparatively recent times the Sahara was much less arid

than it is now, and maintained an abundant fauna of which much

evidence has survived in the form of bones, and of paintings and

carvings made by prehistoric Man. All, or nearly all these species

have now vanished from that territory, and only survive - most pre-

cariously - in the region to the South of the Sahara and in the

Sudanese Sahel.

Much closer to our own period, many animals have been destroyed

by Man, either directly or indirectly.

In many parts of the Sudan-Sahel zone numerous species have

become extinct or terribly rare ; these include Elephant, Giraffe,

Damalisque, Oryx, Rhinoceros and Ostrich in the West, and Antelope-

Giraffe, Ibex, Zebra and Wild Ass in the East.

Hunting is of course the most direct method of destroying

animals. When it is practised in moderation, as it was in ancient

times and still is in some places, using simple weapons such as the

bow or the spear, the wild animal population is not appreciably

reduced.

But when traps are used, often in large numbers, mass des-

truction ensues and the very existence of certain species, in

their entirety, may be jeopardized. For instance, it was recently

reported that in one part of the Niger, 60 Gazelles had been caught

and killed by a few hunters in less than a fortnight
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The use of guns (sometimes combined with that of motor vehicles)

leads to wholesale slaughter. In Niger, one report mentioned the

killing of 90 Giraffes within three months, in a region where they

were in any case no longer very common.

Sixty years or so ago there was still an abundance of elephants,

spread over a very wide area.

In West Africa there are now only a few small groups near Lake

Chad, in the bend of the Niger, and in Mauritania, in the Afolle

region, where three small herds survive.

It is clear that if this process continues, a species can very

quickly be wiped out.

This is unfortunately what is happening in our Sudan-Sahel

zone, particularly in the Northern part. This area is regularly

traversed by herdsmen, who are nearly all hunters, using whatever

methods come to hand - guns, dogs, rounding up the game with fires,

many kinds of traps. Even the nomads seldom let slip an opportunity

of obtaining, at the expense of the wild animals, a supply of dried

meat which is often very welcome in their poor camps.

This direct slaughter is accompanied by many forms of indirect

destruction.

As we saw when considering vegetation, the increase in herds

of domestic animals does tremendous damage to the natural environ-

ment, since it leads to overgrazing, the breaking off of branches

from the trees, and burning off in the dry season, all of which

are extremely prejudicial to wild life. Moreover, the domestic

animals spread epidemics, such as cattle-plague, to which wild

animals are highly susceptible.

Finally, in the dry season, the flocks and their herdsmen

settle round temporary pools and frighten away the wild animals ;

such of these as are nevertheless attracted by the water often

fall victim to the herdsmen's zest for hunting.
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The animals are also being driven from their natural habitat

by the extension of cultivation and the building of roads which are

used by a steadily increasing number of motor vehicles ; they are

gradually thrust back into areas that do not suit them, and where

they cannot survive for long.

4. The introduction of animals

The animal population of an area lives in a state of equilibrium

with its environment, at least as long as Man does not interfere by

modifying that environment.

Man, however, may also upset the balance by introducing, either

voluntarily or not, animal species from another area.

Involuntary introduction

In trading, conveying goods from place to place and travelling about,

Man takes about with him a considerable number of animal species.

Many of these are transported accidentally and have no op-

portunity to settle permanently and reproduce their kind in the

spot where their journey ends. These die out, sooner or later.

Others, however, being more adaptable, become acclimatized,

breed, and gradually extend their colony.

These animals are often very harmful, for they are hardy (as

their acclimatization shows) and moreover, in their new habitat

they are safe from attack by their hereditary enemies.

The creatures thus spread involuntarily all over the world

include human Fleas and Lice, Bed-Bugs, certain Black Beetles,

etc.. In the case of Africa we may add the Black Rat and the common

Mouse, which abound there.

Some species of animals may also be carried by railway. In

East Africa, for instance, it was found that over 25,000 tsetse

flies had been conveyed from the coast of the Indian Ocean to
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Nairobi in twelve months.

Harmful Insects are often imported together with cultivated

plants, and in the absence of their usual parasites, they soon

become more dangerous than in their country of origin.

One such, for instance, is the large Capricorn Beetle which

lives on the Mango tree. It was recently brought to the Middle

East with its parent tree, and is doing considerable damage.

Let us hope it will not spread to Africa now !

Voluntary introduction

From an early period, Man has also tried to introduce alien

species into certain regions, either in the hope of commercial

profit, with a view to hunting them, or to enlist them as allies

against certain harmful animals.

The classical example of this is the introduction of Rabbits

into Australia and New Zealand, where they multiplied so tremen-

dously as to cause enormous damage. We have already mentioned the

disastrous introduction of goats to the island of St. Helena.

New Zealand hit on the idea of combating the unwelcome Rabbits

by introducing a small predatory animal from Europe - the Weasel.

This led to a further catastrophe I The number of Rabbits was

reduced, it is true ; but the same thing happened, unfortunately,

to many useful Birds, and the decline in their numbers resulted

in a vast increase in numerous varieties of Insects harmful to

crops.

There have been any number of such occurrences, and though

tropical Africa has not so far been directly affected by any one

of them, it is well to bear them constantly in mind.

It should be remembered that the introduction of foreign

species into a region may prove unfortunate in either of two ways -

it may be a failure, or it may be only too successful.

If a particular species is dying out in one region and the



gap has to be filled, it is always preferable to restock, by-

importing individuals of the same species from neighbouring areas,

rather than to introduce some alien species.

If restocking is not possible, one should obviously import

a species of animal as similar as possible to the one that has

become extinct. In Africa, for example, where the Antelope is

growing scarce, it is better to introduce another species of

Antelope from a neighbouring region, than to bring Wild Boars

from Europe or Zebras from Kenya.

In any event, the introduction of a new animal should always

be preceded by a meticulous scientific study of the environment

and of the animal in question so that everything may be done to

preserve the natural balance.

5. Game, a natural resource

In many regions, as everyone knows, hunting provides an

important addition to the diet of the human population. Hunting

is thus a useful occupation, and there can be no question of

forbidding it. In the ordinary way, a hunter seeking food for

himself and his family will not kill more than he really needs

or can use, and the wild animal population is not appreciably

reduced in this way.

There are, however, some hunters who sell their meat, and

these indulge in large-scale slaughter, which has serious effects

upon the number of wild animals in their district. If these men

are numerous and well armed, the game disappears very quickly and

the whole community loses a far from negligible source of proteins.

This practice is of course extremely reprehensible, parti-

cularly as wild animals are always fairly scattered and, unlike

the herds of domestic animals, can flourish without harming the

vegetation cover, which as we know is of the greatest importance.

Game is thus a resource which should be drawn upon with due

care and only to a reasonable extent.

64.
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Besides, wild animals are a feature of the landscape, and do

much to enhance its beauty. Their peculiarities are of great

interest to foreign tourists, whether the latter come for a few

weeks' hunting, or simply to see the country.

And Tourism is an extremely valuable source of foreign currency

for all Governments, which are eager to encourage it by every pos-

sible means. The protection of Nature, in flora and fauna alike,

is an essential factor in the promotion of the tourist industry.

It is also interesting to remember that several of the animals

found in the Sudan-Sahel zone, including the Oryx, the Addax, the

Gazelle and perhaps the Giraffe, were domesticated by the ancient

Egyptians, the Oryx being one of the earliest animals they bred for

meat.

It would no doubt be possible to revive this experiment, its

most interesting feature being that animals in their natural habitat

would be much better adapted to it than foreign species such as the

Bullock.

Such breeding would not, of course, be undertaken on a vast

scale, but simply to provide a local resource.

Where Fish are concerned, however, large-scale breeding is

quite feasible, and has already been undertaken in many regions.

Broadly speaking, the procedure consists in breeding and preserving,

in enclosed ponds of a fair size - which may be natural or artificial-

various species of indigenous Fish, such as certain Tilapia, the

Heterotis niloticus, and possibly other types which might be

considered.

The methods are now well tried, and there can be no doubt as

to the possibility of obtaining a very high yield pretty cheaply.

This might be a very considerable source of additional protein.

6. How can we protect animals ?

Animals constitute an important element of the natural balance
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on which Man's life chiefly depends.

Moreover, every animal species is of great scientific interest :

even if for the time being a particular animal may appear harmful

or useless, no-one can be certain that it will not sooner or later

prove beneficial to Man.

Finally, a great proportion of wild animals may represent an

appreciable source of profit, either direct (game) or indirect

(tourism).

It is therefore essential to safeguard the existence of every

species of animal, merely restricting the number of a harmful

species in certain cases, and preventing it from spreading.

This protection of animals should take several forms, and a

number of branches of knowledge are involved :

Wo systematic destruction of any animal whatsoever should be

undertaken without a preliminary scientific study of the manifold

and reciprocal connexions between that animal and its environment,

to ascertain all the consequences that might ensue if it became

extinct or rare.

Likewise, no change in the environment (by cultivating more

ground, making roads, building villages, increasing the domestic

livestock, etc,) should be permitted until a scientific study has

revealed the principal repercussions of such a change on the wild

life of the area.

Hunting should be kept within the reasonable bounds indicated

by a well-considered exploitation of game as a natural resource.

The large-scale slaughter of game should be forbidden, together

with the use of excessively destructive methods (traps, poison,

rounding up the game with fires or driving it into nets). A

strictly enforced close season should be established during the

period when the hoofed animals bear their young.

No foreign species, whether wild or domestic, should be

introduced without a preliminary scientific study indicating all
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the direct or indirect consequences which are likely to ensue.

Protection should be given to any useful wild species which is

rare or in danger of extinction. Circumstances will decide whether

such protection should be total, or partial in varying degrees.

Protection should relate to slaughter, detention in captivity, and

trade, and in the case of birds it should apply not only to the

adult creature but to its fledgings and its eggs (in the case of

the Ostrich, for example).

Where the extension of human activities is endangering the

existence of one or more species by destroying their habitat,

protected areas must be set up (complete or partial nature re-

serves, national parks), covering an area large enough for those

species to settle and breed there. Such areas not only provide

for the safety of animals which are themselves of great scientific

interest, but give opportunity for developing the tourist indus-

try, while good hunting may be obtained outside their borders.

7. Protected animals of the Sudan-Sahel zone

In the foregoing chapter we saw that various species of

animals which are useful, or whose survival is in danger for dif-

ferent reasons, should be protected and that regulations should

be established for hunting them.

In 1953 a large international conference, held at Bukavu,

formulated a number of principles on this subject. Lists of

animals "to be protected" for various reasons were drawn up.

The following species found in the Sudan-Sahel zone were

included :

1°. Animals to be completely protected, neither adults nor

young to be hunted or captured, nor their eggs to be taken, in

any circumstances whatsoever :



M a m m a l s

Manatee

Dugong

Wild Ass

Abyssinian Ibex

White Rhinoceros

Elephant (with tusks under
5 Kg).

White Stork

Shoe-bill

B i r d s

Hairy Comatibis

2°. Animals to be partially protected, adults or young may

be hunted, and their eggs taken, only within certain limits and

by holders of hunting licences or scientific permits :

Giraffe

Addax

Saharan Oryx

Black Rhinoceros

Nubian Ibex

Grevy's Zebra

M a m m a l s

Maned Moufflon

Elephant (with tusks over
5 kg)

Terrestrial Scaly
Anteater

Nilotic Lechwe

Marabou Stork

Secretary-bird

B i r d s

Wild Ostrich

All Egrets

3°. Animals to be partially protected, as above, but only

within a limited area :

All Lemurs

Colobus Monkey

Jumping Oreotragus

Damara Dik-dik

Greater Koodoo

Lesser Koodoo

M a m m a l s

Cheetah

Leopard

Dama Gazelle

Hunter's Damalisc

Hippopotamus

Orycteropus

68.



B i r d s

Abyssinian Chough

False red-beaked Swallow

All Cranes

Bearded Gypaetus

69.

Great terrestrial Calao

All Bustards

All Flamingoes

R e p t i l e s

All Varanian Lizards.

Needless to say, these lists are not restrictive. Where local

circumstances render it advisable, a species may be transferred

from a partially protected group to a wholly protected one, and

species not mentioned above may be given one or another form of

protection.
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VIII. SUMMARY AND CONCLUSIONS

In concluding this series of observations concerning the

conservation of natural resources and the protection of Nature,

it may be desirable to summarize the essential principles we have

considered. Moreover, when dealing with so important a problem

as that of the conservation of natural resources, it is indis-

pensable to repeat the same things continually, in order to fix

them in our minds.

1. What should not be done

Man's life in all its aspects is directly or indirectly de-

pendent on Nature :

Man must not rashly destroy, without control or restriction,

a capital without which he could not exist.

The components of the natural environment exist in a relation

to one another, the balance of which is unstable and extremely

fragile.

Man must therefore do nothing whatsoever to disturb the

balance of Nature, since this may set up a series of chain reac-

tions leading to complete or partial destruction.

Recapitulating these principles in slightly greater detail,

we may recall :

- that as no life can exist without water, ground water

reserves must not be drawn upon to excess, or they may be

exhausted and dry up ;

- as the soil has to produce crops, it must not be exposed

to destruction by erosion. This means that the protective

vegetation cover must not be destroyed (by excessive exploita-

tion, overgrazing, burning, etc.). Erosion must not be

encouraged by recourse to shifting cultivation with insufficient

fallow periods, or cultivation in the direction of the slope,

which facilitates runoff ;
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- vegetation which facilitates the infiltration of water and

protects the soil must not be subjected to over-consumption. It

should be forbidden to cut down too great a proportion of trees,

to burn the soil covering deliberately, to allow overgrazing, or

to keep clearing new tracts of woodland and move on each time the

crop yield starts to fall ;

- useful animals must not be destroyed - this is so obvious

as to require no comment ;

- wild animals, even those regarded as harmful, must not be

inconsiderately destroyed, for they represent an irreplaceable

scientific capital, may prove useful at some future date, or can

be used to attract tourists or hunters.

2. What should be done

To begin with, of course, the opposite of the measures we

have just been describing. Thus :

- we must avoid any disturbance of the natural balance, since

this might destroy the invaluable capital constituted by Nature ;

- any exploitation of the natural environment must therefore

be well thought out, and if on a large scale, be preceded by

thorough scientific study ;

- the vegetation should be exploited only with due caution ;

the vegetation cover should be protected to the greatest possible

extent, for it ensures the maintenance of an essential element,

water, and protects the soil from erosion ;

- the tapping of ground water reserves must be carefully

considered and pursued with moderation ; wherever possible, Man

must provide for their replacement ;

- the soil should be preserved from erosion by protecting

the vegetation cover, or restoring it if it has been destroyed,

by terraced cultivation on hillsides, building small dams in

gullies, fixing dunes, etc. ;

- if the soil is exhausted, its supply of organic or mineral

elements must be renewed by the use of fertilizers (chemical or

natural) ;
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- cultivation must be rationally conducted, to avoid impoverish-

ing the soil and causing erosion ;

- the unnecessary or excessive destruction of vegetation

(excessive felling, burning off the soil covering , etc.) should be

forbidden ;

- if the vegetation has to be exploited, the drain on it must

be restricted, and made good by fresh plantations (reafforestation,

and sowing various bushes and plants),;

- stock-raising should be kept within the limits of the graz-

ing capacity of the land. The partial tearing down of branches

from trees should be prohibited. Irrigated grazing grounds should

be created wherever possible ;

- hunting should be kept to the strictly necessary minimum

in the light of existing reserves of game ;

- species thought to be harmful should be destroyed only in

areas where their harmfulness has been proved, and even then not

until a scientific study has been made ;

- any useful species of plant or animal which is rare or in

course of extinction, must be protected, either completely or

partially according to local circumstances ;

- the introduction of any foreign animal or plant should be

preceded by the most careful study of all its possible consequences,

whether direct or indirect, immediate or remote ;

- it is essential to establish extensive reserves outside

the areas of human activity, to permit the preservation and

normal development of the wild plants and animals which con-

stitute an irreplaceable scientific heritage.

3. Conclusions

Nature is the common heritage of all Mankind. Man should

therefore regard it as a capital which he is entitled to use,

but which he has no right to destroy. The Men of today are

responsible to their descendants for this capital.

Apart from any scientific, cultural or sentimental considera-

tions, the Protection of Nature is an economic necessity.
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This is particularly evident in Africa, where the national

economies usually show a deficit, the use of the soil is almost

universally unsatisfactory, and the diet is deficient in animal

protein.

But in Africa, as elsewhere, the preservation of Nature is

conditional upon the simultaneous application of plans for rational

development and for the building up of reserves.

The Protection of Nature and economic exploitation should

never be represented as incompatible, for they are, on the contrary,

inseparable.

While some types of land are unquestionably suitable for agri-

culture, there are others where the use of the natural environment

for agriculture or stock-raising seems unlikely to prove worth-

while, at least as a long-term activity. In the interest of the

country concerned, such land should be preserved in its natural

state, if it is not to be irreparably ruined. It may, however, be

of appreciable benefit by attracting tourists or sportsmen.

It is therefore essential to make a comprehensive study of

the problem of the use of land in Africa, particularly in the

Sudan-Sahel zone, and not to assume, a priori, that the only way

in which it can be put to profit is through a large-scale trans-

formation and exploitation of the natural environment by the hand

of Man.

This makes it quite clear that the essential starting-point

of any programme for the preservation or exploitation of Nature

must be a thorough scientific study of the natural balance.
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