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Foreword

This book gives an introduction to basic principles ecology in a

Sudanese context, using local examples. Ecologyedsented as a way of
thinking about and interpreting one's own environtnehich can only be

learned by practising, by applying these ideasgsospecific situation.

Some people are 'ecologists with their heads',iderisg ecology to be a
purely academic, scientific subject; some are @gists with their hearts’,
being concerned about the future conditions fa &h our planet Earth;
others are ‘ecologists with their hands', havingrled some basic
principles of ecology by trial and error in tradital agriculture, fisheries
etcetera.

Education of 'ecologists in their mind', combinithg positive sides of the
three approaches mentioned, can be seen as ek$entiae future of a

country such as the Democratic Republic of the BSuddth its large

environmental potential for positive developmeihdng with great risks of
mis-managing the natural resources.

The first half of this book (chapter 1-5) dealshniicology as a biological
science, studying the relationships between plaatsmals, soil and

climate. The second half (chapter 6-9) deals hitiman ecology': use and
mis-use of the environment by humankind. Theseaspe traditionally

'treated as part of geography or general agriaultout they build on many
of the ideas of the first part.

This book has been set up as a textbook for inttoady ecology courses in
universities, agricultural schools, teacher tragnimstitutes, etcetera. It will
be important background material for biology andgyaphy teachers at
secondary school level. The text consists of twelke the normal print
gives the main line of argument and can be reaépeddently of the
smaller print, which adds further details and mexamples. The main text
can be used at secondary school level, but doefulyptoincide with the

present, official school syllabus in the Sudanopér some people will take
up the challenge of making a simpler version, ithb&rabic and English
for use as a school textbook, along with updathmg dfficial syllabus. So



far no textbooks have been available dealing whk tubject in a
comparable way. The excellent African ecology tealts for A-level by
Ewer and Hall (see references) are more compledeeatensive, but of
course they contain few Sudanese examples andahange experimental,
scientificapproach.

Specific information on the Sudanese environmersicegce, partly out of
date and often not easily accessible outside Usityeribraries. Through is
book | have tried to make this information avaitabi a moredirect way,
adding some results of two year ecology-coursesliba University.
Learning the language of ecology is not possibléhauit some of the
jargon and technical terms. These have been aveitiede possible, but
still, the reader may come across many new termshiiical terms ibold
print are listed in the glossary (chapter 11). Acal problem is created by
use of the names for plants and animals. Sciemdimes as such are of
limited use in a country where keys for identifioat are hardly at all
available. | have tried give synonyms in local laages where-ever | could
find these, but my of them are based on the ol fiyy Broun and Massey,
so they may incorrect. By giving many illustrationsthe text and in the
appendix | hope confusion about the names willdaeiced.

Many people have contributed to this book, fromitkigal conception in
September 1980 to the proof edition of Decemberl 188 to the present
version. First of all Dr. Ken Knox, at that timensar lecturer Zoology in
Juba University, contributed, as well as three extisl of the College of
Education: Abdelrahim Ahmed Salim, Ismail Ishag d&emigius Idroga.
Without many of the students of Juba Universitys tbbok could never
have been written, as they were essential in thechteg/learning
experience of blending ecological theory with Sigfanrealities. Robert
Lubajo, Martin Ring Malek, Abdelrahim Ahmed SalimdaAbdelrahim
Ahmed El Khidir deserve special mentioning, as tiyoduced me to
their part of the country and helped in descrililmgrespective examples in
is book, as well as becoming friends. Mentioninfe@ names does not
mean that | forgot the many others with whom | sdainteresting
experiences. Through the Dean of the College olitdhtResources and
Environmental Sciences, Dr. Peter Tingwa, | woukk [to thank the
University administration for the interest showndathe encouragement
given 'Excellence and relevance' is the motto of Jubaréseity. | hope is
book can contribute to at least the relevance dbSese education.



Several people gave critical comments after reathiegproof edition: my
former colleague Mr. David Knox, Mr. Scopas Dima, Blenk Breman,
Joan Looyen, Maria van Noordwijk and Prof. Stortedveall helped in
improving the text. With several colleagues in Kham and Gezira
University | had fruitful discussions and | want tilank them for the
interest shown.

Kast Olema Daniel and Marja de Vries prepared Hostiations for the
proof edition in a friendly cooperation. Joan Looyelped considerably in
transforming the many illustrations added latetpia presentable form.
Siska, Brord, Henk and Henrik of the Grafische igrtBroningen produced
the printed version of this book in a cooperativeeywfor which | want to
thank them.

Finally the Dutch Ministry of Foreign Affairs, Dicéorate for development
cooperation, through the Dutch Embassy in Khartoagreed to donate
one thousand copies of this book to universitieBpels and libraries in the
Sudan. By doing so, they made publication of tleiskopossible. Khartoum
University Press and Ecologische Uitgeverij Amsaendagreed to make
the book available in bookshops as well.

Of course | remain responsible for all remainingrégtomings. If you want
to correspond about these, my address is: c/ottestfor Soil Fertility,
Oosterweg 92, Haren (Gr.), the Netherlands.

Juba/Groningen September 1980 -December 1983

the author.

This digital version has a
number of minor, mostly
typographical and gramma-
tical corrections. Contact:
m.vannoordwijk@cgiar.org
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1. Ecological zones of the Sudan

1.1 What is ecology

Ecologydeals with the relations between organisms (plamtisnals, man)
and the environment. Probably such a statementrimienake much sense
to you, so we will start by considering as examfibes organisms, two
plants and two animals, which you can probably fiedrby: a grass plant,
a tree, a snail and a lizard (figure 1.1).

We can look at the living world around us from matlifferent points of
view; some of these viewpoints are part of ecol@jyservations in
science often have the character of analysis;migans taking to pieces.
Although this may be necessary to see enough dietad proper
understanding it is essential to consider the wiesds as well; if we
consider organisms we have to take into accouit streicture, (‘how
they are built"), together with their behaviouriatthey do") and function
(‘what it's good for'). It often helps to imaginetsnge of role, to think
that you are a tree or a lizard yourself and tloat lyave to survive in the
environment as perceived by that organism.

A grass plant starts its life as a germinating séddrms roots which grow
into the soil and which branch many times and ifecként directions to
exploit a large volume of soil; at the same time filant makes leaves,
small ones at first, then bigger ones which exgagter and further away.
In this way the plant lives in two completely diéat environments, the
soil and the air, which are both essential to itwisal. The growth point
where new leaves are formed can be found nearrthend surface, where
it is protected from grazing, trampling, fire, @@. Once the grassplant is
established it usually forms a stem, bearing flen@gh above the leaves,
exposing the flowers to the wind fpollination. When the seeds have set
and matured, usually towards the end of the rag@asan, the life of many
grassplants comes to an end. Others make a stocksefves in their
underground parts and survive the dry season ggdtrresume growth at
the start of the new rains.

Of course there are many different types of gr&ssne remain very low
near the ground on places where many people waikr®grow very high
like bamboo which grows in the forest or they haweeping stems which
can extend far into the water from the roots wisich attached to the shore.
Grasses which flower in their firgearand subsequently die are called
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Figure 1.1.A. Some grasses of the SudarMountain bambogArundinaria
alpina),up to15 mtall woody perennial, b. Millet oDura (Sorghum).c. Bulrush
millet or Dukhn(pennisetum)d. Panicum maximuma tufted perennial, e. Rice
(Oryza), f. Vossia cuspidatawith creeping stem in water, g. Fingermillet
(Eleusine) h. star grasgCynodon dactylon)a common weed, i. detail of the way
in which savanna grasses can survive fire (afteious sources).

annuals Plants which live for more then one year areechfierennials
Some grasses are used by man because their semdsdible: dura
(Sorghum)dukhn(Pennisetum)ingermillet (Eleusine)and rice(Oryza)to
mention a few for which wild relatives can be foundhe Sudan as well as
cultivated ones. They all belong to the generaétgp'a grass’, but at the
same time they have different relations with thexivironment, different
forms, structures and functions.

By contrast, we will consider a tree. Trees stagtrtgrowth from a seed as
well, but they grow differently because they make/@dy stem, woody

branches and woody roots. The initial growth oftilee is slower than that
of the grassplant, because the tree spends péstarsfergy on making



Figure 1.1.B. Some trees of the SudarRainforest tree, bricus populifolia;
rooted between rocks, c. Mangrove t(é@icennia marinagrowing on the sea
coast, d. SunfAcacia nilotica)growing on river banks, e. Gum aral{is. senegal,
Hashab, A.), fA. tortilis (Sayyal (A.)) growing in semi-desert, g. detaitaxdt
nodules orAcaciaroots. (after various sources).

wood. The young tree will slow down in growth todsthe dry season and
forms resting buds covered by scales. If the tregiwes the dry season,
with its risks of drought, fire and grazing, thdmels will resume growth in
the next year. The woody stem allows the tree tawgabove the other
plants, provided that the woody roots give enougppsrt. Trees can be
blown down by strong wind, but if they are stromgegh, they will reduce
the speed of the wind locally, and in this way tisgnge the environment
for other organisms: less windy, more humid air ahdde. Compared to
grasses, trees usually wait for a long time befoey start to form flowers
and seeds. Thélife-cycleis much longer.

Of course there are many different types of tr&msme will only form
small bushes, others become 30-50 m tall. In diffelenvironments you
will find different types of trees. Near the desshbrt, thorny bushes are
the only types which occur; in the rainforest otdy trees can reach the
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sunlight; on rock faces of the mountains and jelselse fig trees with
creeping roots can find a hold; along the river samees can withstand
flooding for a long time.

A special group of trees are tlieacia'sand their relatives. If you wash
some of their roots from the soil, you may seéelitbunded lumps attached
to the roots. These swellings are calleodules and are inhabited by
bacteria, which can only be seen through a micsc@he bacteria are
able to fix nitrogen gas from the air and to makavailable as nutrient to
the plant. The family of plants which have theselules are called
Leguminosae and includes several types of treeswels as beans,
groundnuts etc.

In most environments grasses occur as well as. Bsdween them, several
types of relations exist. One of the most importatdtions can be seen in
the savanna areas, where patches of grass altevitatesmall groups of
trees: In the dry season the grass is often bubyegdeople, for several
reasons. Natural fires can break out as well. Thieseare hottest on 1-4 m
above the ground. The growth points of grassesoareenough to survive
the fire usually, while young trees are killed. IRgrown trees have a better
chance of survival, especially as in their surrongsl less grass will grow,
because of the shade. Around full grown trees, gdtees therefore have a
better chance to survive than amidst the grass. grbaps of trees can
gradually expand into the grass areas, until ayhéaw causes a setback.
This is called 'the grass-tree cycle of the savanna

Many types of trees are useful to man, in manyedzffit ways: they provide
edible fruits or edible gum, building poles, sawoed or fuelwood; they
give shade and reduce the windspeed etc.

Animals differ from plants in many ways. Becauseytltan move their
relationship to the environment is different, iresothat they can at every
time select the most suitable part of the envirammEor their food they
are always directly or indirectly dependentmlants.

Our first example, the snail, moves very slowly, &8 choice of
environment is limited. Still it can hide duringetlday in cool, moist places
and come out during the night to feed. It feedsptemts or on dead
animals. By hiding in its shell the snail can toyascape from all kinds of
adverse external influences, such as drought,dmehainimals which eat
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Figure 1.1.C. Some snails of the SudanGiant land snai(Achatina fulica),
cal5cm long; b. slugArion), contracting when in danger; c. four different calou
forms of a land snailLimicolaria martensianaga 3 cm long; water snails which
can transfer Bilharzia; dBiomphalariag. Bulinus,f. Physopsigseen from
underneath through an aquarium glass plate; itgpiag mouthparts (radula) by
which it scrapes of algae etc. can be seen). (frarious sources).

snails. Several of the snail's enemies, howeverahte to crush its shell,
though with considerable effort. The snail reprauby laying eggs in a
moist, shaded place, which hatch, usually afteesdwveeks, to give rise
to young snails, which make a small shell and gsteadily.

Of course there are many different types of sn&tsne hardly become
two mm's long and live in the upper layers of the, $etween plant litter;
others become circa 10 cm long and live in the tre@iganna areas; a large
group of snails lives in the water, when they feadvaterplants, dead fish,
etcetera. The watersnails need special ways tsujitient air to breathe.
Related to the snails are the slugs, which do motyca shell and are
therefore more susceptible to drought.



Figure 1.1.D. Some lizards of the Sudantizard(Gerrhosaurus)xa 25 cm,

b. rainbow lizard(Agama),ca. 30 cm; c. gecko(Tarentola)ca. 15cm; d. chame-
leon(Chameleo)ca 30 cm; e. monitor lizardVaranus)ca 1.5 m. (after various
sources).

Several snails are important to man. The largepe tgf landsnail is
reported to be edible. Snails can cause considerdhimage to crops,
especially in the seedling stage. Several watdssnan transfer a disease
calledBilharzia. This disease only occurs when snails are pre3émtse
shails can only occur' when permanent stagnantrigaigvailable as well
as water plants which can serve as food.

A lizard is much more mobile than a snail; therefdris better able to
select the best part of the environment for allréguirements. But the
lizard has no shell, except when in the egg stageit is much more
exposed to heat, drought and enemies; it only Haerd, leathery skin for
protection. The lizard eats insects and other sm@hanisms, but at the
same time several birds, snakes and cat-like asimaht for lizards; the
lizard has to search for prey and to hide from o#m@mals at the same
time. Its environment is therefore determined ttarge extent by other
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living organisms. Lizards reproduce by laying egdsch are buried in the
soil or in other moist places. When the young lizahatch they have to
find their own way, without care from the parents.

Of course there are many different types of lizal8eme are able to
survive in hot, very dry environments, others limea continuously moist
forest or are able to swim in water (as the largaitor lizard can). Lizards
which live in the grass often have a green angbedriskin; lizards which
live on tree trunks are generally brownish. Thenoklgzon is a type of
lizard famous for its ability to change colour, aating to its environment.
Some lizards, such as the geckos, restrict théwitgcto the evenings and
nights.

Several lizards are of some importance to man, Uusecathey eat
mosquitoes and other insects in or around housesheimicals such as
DDT are used to spray the houses to kill insehts]izards are often killed
as well.

From these examples you may get some idea of &latians between
organisms and the environment'. Usually an orgardeals with several
completely different environments at the same ti@kernating in the
day/night cycle or in the various stages of ite lifycle. It needs a way to
survive in all these environments. The environmehtevery organism
consists of other living organisms, and non-livielgments such as saill,
water, air and temperature (or 'energy' or ‘fitege figure 1.2). The non-
living elements can be calledbiotic factors, the living onelsiotic factors.
We try to understand the organism as a whole. Bllit there are many
different aspects. We may consider the generalstygech as 'grass’, ‘tree’,
'snail' or 'lizard', but often we have to take tlaiousspeciesseparately.
We may have to consider the various parts of amrosm - the roots,
leaves and stems of a plant; the head, body, legj$aél of an animal -, but
also the various stages of the life cycle - fromdse seed producing plant,
from egg to egg producing animal -. Especially whee consider
reproduction, the difference between femal@@)( and malesdd) may
become relevant.

Instead of the single organisms, we often haveotwider thepopulation
as a whole, that means the group of organismseot#ime species which
live near enough to each other to mix freely fgoroeluction. One step
further we have to consider all the species (oufains) which live near
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Figure 1.2 Two ancient symbols representing the major fadtaftaencing
life on earth a. is represented in rockpaintings in the Sahastjimated to be
6000 years old; it reoccurs in ancient Egypt as lsghof the Earth-goddess Isis
and more recently as well (compare cover of thiskhpthe cow or bull stands for
the Earth (soil, water, plants, animals), the Sepresents royalty, energy,
inspiration; life apparently depends on a combioatof the two; b. the pahana
symbol of the Hopi indians in North America hadrale, symbolising integrity or
wholeness of all life cycles, and a cross reprasgrthe four wind directions as
well as four basic 'elements' earth, sun, wind eaid. (or.)

enough to influence each other. This is the leyethe ecosystem The
ecosystem is formed by all the organisms, as veellliabiotic factors of a
given place.

Figure 1.3 symbolizes the ecosystem: plants, asinmabn, soil and the
climate all influence one another. The climatehis seasonal pattern of
rainfall, wind, sunshine, temperature and moist&® the climate on any
place is influenced locally by the presence of ntaums, rocks, pools or
organisms such as trees, we can use the meicro-climate to indicate
these small scale differences. All plants livingilcertain place are said to
form the vegetation The termflora is used to describe all the different
plant species of a certain area; the tdauna is used similarly for all
animal species.
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Sudan is a large country with a large variationclimate and soils.
Consequently, there is much variation in the biptcts of the ecosystem:
the vegetation, flora and fauna. To discuss thigatian, it is helpful to
distinguishecological zoneswithin which the ecosystem is roughly the
same, e.g. desert, savanna, rainforest. Each écalogone is characterized
by a combination of climate, soils, vegetation &mgha. In this chapter we
will discuss climate and soils of the Sudan and thake a division into
ecological zones. Chapter two will describe thesees in some more
detail. The following chapters deal with the radag between organisms
and their abiotic (Chapter 3) and biotic (Chapteedvironment, while in
Chapter 5 the ecosystem as a whole will be corsitlefhe relations
between man and the various ecological zones fdwnsubject of the
remaining part of this book.

Figure 1.3 Schematic represention of an ecosystem. It consisébiotic factors
(sail, climate and microclimate) and biotic factdrgegetation, animals, man). All
parts of the ecosystem may influence each othethasarrows indicate. The
numbers refer to the chapters where such relatigpssiill be discussed. (or.)



1.2 Climate

1.2.A. The water cycle

All life depends on the presence of water, so trelability of water is one
of the most important abiotic factors. All plantentinuously lose large or
small amounts of water vapour by thiganspiration. For animals the loss
of water vapour is calleevaporation. Wet or moist soil and surface water,
such as ponds, rivers, lakes, oceans, also loser wst evaporation.
Together these processes are cahapotranspiration.

The amount of water vapour that air can maximadigitain increases with
temperature. If air for some reason or other caawn, the amount of
water vapour it contains may become in excess efstturation level,
which is lower for lower temperatures. If so, watapour will condensate
into water droplets, which form clouds and may ¢ailvn as rain.

These processes are part of weger cyclewhich is depicted in figure 1.4.
Rain which falls on the land may infiltrate intoettsoil or may run off
along the soil surface. A certain amount of thdtnated water can be held
in the soil and can be taken up by plant roots;esscwater will seep
through the soil into the groundwatdRun-off water and part of the
groundwater collects into streamletts, streams, lakes or siard finally
into the sea. Similarly groundwater may flow in ergtound rivers, (or
aquifers) from higher to lower points. In certain low-lyinglaces
groundwater can come to the surface again.

Most of the water which falls on the land as randirectly used for
evapotranspiration (for Sudan circa 95%); the redai flows into the
sea or recharges groundwater reservoirs. In ae@sving more rain a
higher percentage of the water is collected inrsv@.g. the Ethiopian
mountains feeding the Blue Nile and the East Africaeas feeding the
White Nile).

Because of their large surface area, the oceansharenajor source of
water vapour in the air. The flow of water by rigdrom the continents into
the oceans, is compensated by a flow of watervapowinds that blow
clouds from the oceans to the continents. Thishiortsforms the water
cycle.

1.2.B. Rainfall
In the Sudan the amount of rainfall increases ftioendry North to the
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Figure 1.4 The water cycle

Water evaporates from the oceans and from the léfater vapour, is transported
by the wind in the form of clouds and rains downthe land and oceans.
Rainwater runs of along the surface or infiltrateso the soil. Part of this water
can be used by the vegetation for transpirationg Témainder plus the run off
feeds streams and rivers, flowing back to the osegaiter various sources).

humid South. In very general terms this is causethe domination of the

dry Northern and North-Eastern winds and the huBadth-Western winds

respectively.
The prevailing winds in tropical regions are caubgdhe heating of the
earth by the sun and by the earth's rotation. Whersun is overhead, the
intense heating of the earth causes the air alidweerise, because warm
air is lighter than cool air. This creates a lovegaure belt around the
world. Air masses move into this low pressure zdram the North and
South (Figure 1.5). Because of the earth's rotattbese winds are
deflected to the west, becoming North-Eastern aogttBEastern trade
winds. On crossing the equator the South-Eastemisvbecome South-
Western winds. The low pressure zone directly utigdessun where these
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Figure 1.5 General pattern of air circulation around the eqoat (various
sources).
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winds come together is called the Inter Tropicah@rgence zone or
ITCZ.

From our point of view on the Earth, the Sun appd¢armove, not only
from East to West during day and night, but alsorfiSouth to North and
vice versa during the year. On 21st of June theiswverhead on the
tropic of cancer (23°N; on 21st of December on thopic of capricorn
(23°S). The ITCZ follows these apparent movemehth® sun, but with
a delay of about one month. The extreme positiohshe ITCZ are
reached in July and January. Figure 1.6 shows #neseme positions and
the resulting wind directions, for an average year.

The Northern and North-Eastern winds that reachSihan bring dry air
from the Sahara and the Arabian desert, respegtireithe summer this
wind is hot and it only reaches the Northern-maat f the Sudan. In
spring and autumn these winds are slightly cooi&dthgugh they only
gradually cool off in autumn), and they reach fartfSouth. In winter
these winds can be cool and they may reach wellthre Southern Sudan.
The South-Western winds that reach the Sudan frorimg to autumn,
gradually extending North during summer and retngatiuring autumn,
bring moist air from the Gulf of Guinea and the Bo#tlantic Ocean.
During summer some South- Eastern winds, with maistfrom the
Indian Ocean, may reach the extreme Southern pmrtthe Sudan.
Around the Red Sea a local pressure system is tanorAs the water
masses are slower than the surrounding land bottaiming up and in
cooling off, the air pressure behaves differentiywinter this may result
in North-Eastern winds bringing moist air to thedR&ea hills.



’3° Tropic oft ‘g '
Capricorn \’§ H ,
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mmeew inter Iropical convergence zone, 1'TCZ

||“ arca receiving over 100 mm of rain per month

E:|J> dry wind

rain bearing wind

H L arcas of high or low air pressure
3

Figure 1.6 Extreme positons of ITCZ over Africa, in Januarg dualy respectively.
(after various sources).

The presence of moaist air is not sufficient comditfor rain to fall. Thc

moisture content has to be above the saturaticel efore water droplets
are formed. Nearly always this is caused by cootiffgof the moist air

masses. The higher above the Earth, the cooleatthesphere usually is.
Uplifting of moist air masses can therefore leadaiofall.

There are three common causes for uplifting:

1. under the heat of thc sun, air masses tend to rise;

2. when winds blow over mountains, they are forceds®,

3. when winds from two directions meet, air masses mayand some

air has to rise.

In this latter case the cooler air masses win gglyestay below and the
warmer ones rise. This happens at the ITCZ, as shovigure 1.7. The
moist and relatively cool South-Western winds remaear the surface,
wedging under the warm North-East winds.
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Figure 1.7 Movements of ITCZ over Sudan and theltirg rain pattern. (after
various sources)
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Thermal uplifting, under the heat of the sun, is thain cause of rainfall
in the Sudan. Near the place where the ITCZ reatifegarth's surface,
the layer of moist air is too shallow for rain tevélop. The main rainfall
zone can therefore be found 300-600 km south oftiZ. Further south
the clouded sky may limit the heating of the ea@hn. both sides of the
equator two rainy and two dry seasons occur. Furédweay from the
equator there is only one rainy and one dry sedsothe Southernmost
part of the Sudan the transition between thesatsitus can be found. In
most years there is a dry spell in July or Augimsthe middle of the long
rainy season. Figure 1.8 shows the variation inadlom of the rainy
season in the Sudan, as it follows from the movesehthe sun and the
ITCZ.
Although condensation in over-saturated air isexgmuisite for rain- fall,
there are other factors as well which determinethdreor not rain will
actually start to fall. Some form of instability the air may be necessary.
These mechanisms are not yet clearly understoothar&science has so
far not been able to make much better predictidmn ttraditional
‘rainmakers'.
Figure 1.15 shows the average distribution of edinf the Sudan. The
largest amounts of rain fall on the Imatong Moumsaand on the Sudanese-
Zairean border which forms the Nile-Congo watersti&dm here rainfall
decreases towards the North-East, with- increadistgnce to the Atlantic
Ocean. Jebel Marra, Nuba Mountains and the Ethiofmat-hills receive
more rain than the surrounding plains.
On the North-Eastern side of the mountains an afdéawer rainfall can
be seen: the rain-shadow. This is most clearly sean the Imatong (and
related) mountains. Two other areas with a differpattern can be
noticed: The Red Sea hills, which receive wintémgan January from the
Red Sea, and the Sudd. In the Sudd the air is haloithg the whole
year. In summer this reduces the heating of théithe sun and this in
turn results in a relatively low rainfall. The higtvaporation rate in the
Sudd may stimulate rainfall on the North-Easterdesibut the data
available are not very clear on this point.

1.2.C. Seasons

Not only the total amount of rainfall in a yearimportant, but also its
distribution over the year. The number of conseeutmonths with

adequate rainfall determines the growth seasomdétural vegetation as
well as crops (except for irrigation). Figure 1.26d table 1.1 give a
classification of the climates of the Sudan basedhe number of dry and
humid months and on the temperature range.
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Figure 1.8Apparent yearly movements of the sun and of ITGZ lafitude, on the
northern hemisphere, with the resulting durationdo§ and rainy season. (after
various sources).

In the Northern parts the seasons differ markedlyemperature. Further
South the differences become smaller and eventuhly pattern 'is
reversed: summer is the hottest season in the,raittfough the heat may
be tempered in the short rainy season, while wistéte hottest part of the

year in the south.

The amount of water which is needed for evapotrigatspn depends on the
amount of sunshine, the temperature and humiditythe air and the
windspeed. In a hot, dry, windy desert environmeavith full sunshine,
unhindered by clouds, the average transpiration lmamas high as 11
mm/day (or 11 I/rhday). Near the Ugandan border with more humid air,
partially clouded sky and a lower

Figure 1.9Climatic diagrams for six stations in the Sudane Blaale of the
temperature lines is chosen to correspond rougtitly potential evaporation on
the rainfall scale; Mean annual rainfall is indiead (data Sudan Meteorological
Services).
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Table 1.1. Climatic zones of the Sudan (see fid)1.
1. Symbol; 2. Climatic zone; 3. Number of Humid Mgy 4. Number of Dry
Months; 5. Length of Growing Season; 6. Average yatrRainfall (mm); 7. Mean
Max. Temp. in Hottest MontifC); 8. Mean Min. Temp. in Coldest Montt().

1 2 3 4 5 6 7 8
D1.1 Desert, summer rain, O 12 0 100 42-44 1315
warm winter
D1.2 Desert, summer rain, O 12 0 100 42-44 g 43
cool winter
D2 Desert, winter rain 0 12 0 75 42-44 1348
D3.1 Semi-desert, summer 0O 12 0 100-225 40-42  q3.16
rain, warm winter
D3.2 Semi-desert, summer 0 12 0 100-225 40-42 8-13
rain, cool winter
D4 Semi-desert rain 0 12 0 75-225 40-42 1590
Al.l Arid, summer rain, 0 10- 1-2 225-400 40-42 13-17
warm winter 1
Al.2 Arid, summer rain, cool 0 10- 1-2 225-400 4042 g.q3
winter 11
A2 Arid, winter rain 0 10- 1-2 225-600 40-42 1399
11
A3 Arid, no marked 0 8-9 3-4 550-750 37-38 1890
seasons
S1.1 Semi-arid, summer rain, 1 9 3 400-750 39-40 1317
warm winter
S1.2 Semi-arid, summer rain, 1-2 9 3 300-600 35-39 g3
cool winter
M1.1 Dry monsoon, long dry 3-5 5-7 5-7 750-1000 36-41 1790
season, warm winter
M1.2 Dry monsoon, long dry 3-4 7 5 600-850 38-39 513
season, cool winter
M2 Dry monsoon, medium  2-3 4-6 6-8 850-1000 36-38 1391
dry season
M3 Wet monsoon, medium 5-7 3-5 7-9 950-1400 34-39 12-10
wet season
M4 Wet monsoon, long wet 7-8 1-2 10- 1200-1600 34-35 14-19
season 11
H1 Highland, short wet 3 7 5 600-1000 36-39 .8
season, cool winter
H2 Highland, medium wet 5-6 3-4 8-9 100-1600 10-17
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temperature during the day, the average transpiratate is circa 5
mm/day. Inside the Sudd lower values can be folbetause of the
constant humidity.

Figure 1.9 shows the monthly rainfall distributicas well as the
temperature for seven stations. The scale of thesgghs is such, that the
temperature roughly corresponds with the amountwafer required
monthly for transpiration, in the same units asfal is given. In this
way we can judge more exactly how long the growtssn will be, when
rainfall is adequate to cover the transpiratioreahend.

When we compare Khartoum, Kosti, Malakal and Juleacan see the
general trends in temperature as outlined befosdakél does not receive
much less rain than Juba, but in Malakal the raegson is much shorter
(compare fig. 1.8). Data for Source Yubo, near Harean and the
Central African border, are given because thishis $tation with the
highest recorded rainfall except for the mountairtse graphs for Katire
and Gilo are given to show the effect of altitutte two stations are only
a few kilometer apart, but Gilo is at 1900 m abeea level and Katire at
900 m.

The data given so far are the averages for mangs yafaobservation. Of
course there is much variation. In figure 1.9 falba and Source Yubo the
range is indicated within which the rainfall may éepected in three out
of four years. It can be seen that this range issicerable. The
movements of the ITCZ do not follow the same tinoerse every year.
Many other factors contribute to the variation. Ttb&al amount of rain
per year shows less variation, than the amountsymeith. But still the
range is considerable.

The further North we come, the higher the uncetyaatout rainfall is. In
some years the ITCZ reaches further North than werage, with
consequently a higher rainfall; in other years téeerse is true. Figure
1.10 shows the likelihood of rainfall for six zonés a zone with 150 mm
of rain on average, the range will be from almo$b @ver 300 mm; in a
zone with 900 mm on average, the range will be fé&® to 1150 mm.

1.2.D. Microclimate

Climate differs considerably on a small scale. &ample, in the desert the
sandsurface can reach°80while the air temperature remains at@0Iin
the shade of a tree the air usually is cooler amdenhumid, while the
windspeed and sunshine will be reduced. These swalé variations are
called the microclimate. The data given above vadireollected in
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Figure 1.10 Variation of yearly rainfall for zones of diféert mean annual
rainfall; the probability of rainfall exceeding c&in values can be read from this
graph. (after various sources).

standardized meteorological stations: inside wihitees with ventilation, 1
m above the ground and not shaded.

1.3 Soils

Soils consists of particles and pores. The pagticlen be large or, small
and can be densely packed or more loosely, leasiittgr small or large
pores between them. The pores can be filled witloraivater. In a moist
soil the small pores are water filled, while thegka pores, cracks and
channels contain air. Immediately after heavy faih (nearly) all pores
will be filled with water. Part of this water wileep or drain to deeper soll
layers or to the groundwater and only in the smaiteed pores water will
be retained (Figure 1.11). Plants needing wately dar transpiration
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depend on this water retained in the small-sizeggdo bridge the period
between two rain showers.
While the smaller sized pores are important forewaetention the large
sized pores and cracks are essential for drainhg@xaess water and for
allowing air to enter the soil. The roots of moktrigs and the majority of

soil organisms can only function if air is presemtthe soil to supply

oxygen.

From the point of view of the vegetation the fiveosh important

characteristics of a soil are the extent to which:

1. water infiltrates into the soil after rainfall arrs off along the surface,
2. excess water drains from the soil after rainfdlovaing air to enter the

soil,

3. water is retained in the smaller pores in such g tvat plants can get

hold of it,
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Water infiltration can be rapid, after an initighgse in which air has to
escape from the soil. Water drains rapidly and amlyelatively small
amount is stored in the soil, but all of this watan be used by plants.
Capillary rise in sandy soils is very limited, a&wfsmall sired pores are
available for this process. Plant nutrients arey atbred in small amounts
in sandy sails.

Clay soils consist of small sized particles leavingny small sized pores
between them and very few large pores, exceptréarks which are formed
under very dry conditions. Water infiltration anchithage therefore is very
limited and water often ponds the surface afterfadlior runs off to lower
lying areas. Much water is retained in the soilhie small sized pores, but
part of this water is hold so strongly by the $bdt plants cannot extract it
easily. Capillary rise is pronounced in clay sofdant nutrients can be
stored in large amounts, but, again, these camlokeso strongly that plants
cannot extract them easily.

Loam soils, which are intermediate between sandlycdtay soils generally
have the most favourable characteristics.

Figure 1.12 shows the water balance of the soily @rpart of the rain water

can actually be used by plants:

— a part does not infiltrate into the soil and i lbg run off (mainly on clay
soils, and initially on dry sandy soils),

— a part is drained to the sub-soil (on sandy saild aspecially on soils
consisting of stones only),

— a part of the water evaporates from the soil sertawd cannot be used by
plants (mainly on clay soils where capillary riseefs the top soil moist
for a long time).

- a part of the water is hold so strongly that plarsnot extract it (mainly
on clay soils).

In figure 1.12B a numerical example is given fayglsand and stones as three

extreme types of soil. In each case the fate ghallsand a large amount of

rain is shown.

The distinction between sandy and clay soils isebasn the size of the

particles that make up the soil. For the partitihesfollowing names are used:

< 0.002 mm clay

0.002 -0.02 mm silt

0.02 -0.2 mm fine sand

0.2 -2 mm coarse sand

>2 mm gravel

When a soil consists for more than 70% of sandighest and for less than

20% of clay patrticles it is called a sandy soil.thV40-70% of sand and 20-

40% of clay particles it is called a loam and weéhs than 40% of sand and
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A.WATER BALANCE OF THE SOI!L:

rainfally _yrun off along the soil surface evaporation by soil surface

\in!il!ra(ion-®-oslored in the soil—@-.a.v,ai lable for uptake by
plant roots
drained to subsoil

B. EXAMPLES FCR THREE SQIL TYPES:

clay sand
(D rainfall 10 50 10
run off 1 20 H 2
infiltration 9 30
@ infitiration g 30 8
0
/W/// 0
?/7//[47/:’ B EI NN COA
V/ v, PRNALT XX s,
G0 R RGNS
BRI L)
WY O X AN K]
s ey
D) SR
RS ERCIK
fqﬁv"“ .’o’of'" RS
s COgdoON
stored in the soil 9 8 8
drained to subsoil 0 2 42
@ stored in the soil 9 8 8
evaporation 1oss 6 0 0
at soil surface
(capillary rise)
available for 3 24 6 18 8 8

ptants

Figure 1.12Water balance of the soil for explanation see (ex)

more than 40% of clay particles it is calledlay soil A simple field test
exists to determine to which type a certain sdibbgs. Enough fine earth
is taken to make a ball of soil about 2.5 cm acessbwater is dripped on
to the soil until it reaches the sticky point, dtigh the soil adheres to
itself but not to the hand. Sandy soils, loamsy slails and various
transitions between them can now be distinguisimethe basis of shapes
which can now be made from this moist soil. A sasdy can only be
heaped into a pyramid, but from a loamy sand a bafi be made. If the
soil can be rolled to form a cylinder it is a loganlight or sandy loam if it
is a short and thick cylinder; a heavy or clay ldéihis a cylinder of at
least 15 cm long). lthis cylinder can be bend it is a clay (a lightyokehen it
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cracks when making a circle a heavy clay whenlaitdle can be made without
cracks).

Apart from the mineral particles (sand or clay),smsoils contain a small
amount ofnumus.
Humus is formed from the remains of living orgargsioy the micro-
organisms in thesoil. If the soil is exposed to the stime humus will
disappear rapidly by decomposition. For this readesert soils contain
hardly any humus, while soils in a rain forest nmntain considerable
amounts as long as the soil is shaded. Humus isriant, because its
presence changes the pore structure of the soinuducan stick soil
particles together especially on sandy soils, whintreases the water
retention. Humus also plays a favourable role mperarily binding plant
nutrients, preventing them from being leached wuhderground. Humus
and the organisms that live in the soil are thesefovery important part of
the ecosystem.
The soil on which all life on the land depends Ulgua only a thin layer on
the earth's crust. Soil can be formed from rocksabvery slow process
called weathering: rocks can crack and be split by alternating feead
cold, by freezing water, by the action of plantteoand by streaming water.
Soil material can be removed very quickly by theasmcof wind and water,
in a process called erosion.
Some of the soils of the Sudan developed locafyweathering of the
rocks present. Most of the soils however consishaferial which was first
transported and then deposited by wind, riversravity.
Most of the Sudan is flat. The landscape consisisiy of old weathered
rocks and large areas where wind and water filladthe existing
differences in height with soil material. Only osimally harder rocks
were left as outcrops and on a few places youngérawmic rocks and
mountains rise high above the surroundings (Jelzata/ places near the
Ethiopian border). The material deposited by wind water can consist of
both clay and sand particles.

If water flows fast it can carry along quite hegarticles, such as coarse

sand, When the current slows down, the heaviestysparticles will be

deposited first and only in stagnant water will fimest clay particles be

laid down. When a river enters a lake this usuadlgpens; the sand is left

near the lake's entrance, while the clay is spovad a large area. A large

part of Central Sudan has been a lake once in gealdhistory and it now

consist of clay soils. When soil material is depemsby rivers a more

complicated pattern is the result.
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Figure 1.13Three common soil profiles of the Sudan

a.

desert soil, consisting, of sand layers without mdifferentiation, overlying
sandstone; on the surface salt crusts can be foamayell as stones rounded
and smoothed by wind;

dark cracking clay, consisting of heavy clay defmsiuring dry season wide
and deep cracks develop; after start of the ralresdoil swells and soil
material fallen into the cracks is pushed out agaimelief of mounds and
depressions on the surface is the result of thtsenations; in the subsoil
many smooth surfaces occur along which soil glidieen swelling; the soill
profile contains calcium concretions throughout.

ironstone soil, consisting of dark humous loamnadoly and loose in upper
10cm, overlying less humous and less structured loangta tlay follows

with a weak block structure, with frequent iron concretions and satanes;
in the subsoil ironstone mottles become more coatie and an ironstone pan
can be seen, overlying a mottled heavy clay; dowdwaovements of water is
impeded by the ironstone pan and above the paw,zZpees occur, indica ting
lack of oxygen; the profile was formed by clay and particles being washed
down from the topsoil, during thousands of yearmdified after Ahn).
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Inside the riverbed only gravel or coarse sandeft IWhen the river
overflows its banks it will leave its sand near tank and its clay further
away. In such a landscape a river is continuousiynging its course: on the
outer side of its bends it 'eats away' the bankherinner side soil material
can be deposited; when this continues for manysyaaw river channels
will be formed and old ones left. If these processentinue for a long time
(thousands of years) a complicated pattern of al&y sand deposits is left.
Clay soils shrink considerably while they settled adry out; sandy soils
hardly shrink at all. After some time sandy ridgemain (deposited along
former river banks), well above the low lying clalgins.

When soil material is taken up by winds the matésisgsorted out as well.
Sand stones often displace material over limitedadices but dust storms
can carry the fine particles well out of the arbathe desert where the
action of the wind is not limited by vegetation awtiere the soil is dry,
almost pure sand is left, the other parts beingvblaway.

When soil material has been deposited or whensitbeen formed locally,
many changes can still occur provided the soiles Lndisturbed by
erosion. Excess rain water which seeps into theirgtccan carry along
soluble constituents of the soil and fine soil ot to the underground. In
a dry period after rainfall water evaporates on $od surface and an
upward transport of water may also bring solutethéosurface, which can
form salt crusts. In areas with a high rainfall tbpsoil usually is washed
out (and the subsoil enriched), in dry areas gaists on the surface are
common. Organisms living in the soil can changepbee structure of the
soil and can mix the various soil layers. The detrexample of this is
formed by the termites which can raise high mouwfdday well above the
surroundings. These termite mounds usually haverwctare which is
favourable for plant growth.

The soils of the Sudan can be categorized into finan groups. Each

group is related to a certain landform and climates geological history is

reflected as well. Figure 1.13 shows some of thlepsofiles. Figure 1.17

shows the distribution of land forms and soil typethe Sudan.

1. Various desert soils, formed by the action of wardi a dry climate.

Salt crusts and rounded stones and pebbles may ocdhe surface.

Geologically this area is formed of Nubian sandst(gravel and
sandstone formed in the Secondary period (Cretajeddubian
sandstone is found in deeper layers in large péttse Sudan. It contains
important ground water streams (Aquifers, compiyeré 1.4).
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2. stabilized dunes@oz) formed during periods of a drier climate in the
geological recent history. After return of moistenditions vegetation
has stabilized the dunes and when the vegetatimmmeved the dunes
can easily become unstable again.

Coarse and fine sand fractions amount to over 9@&cthe pH varies

from 5.0 to 9.0. These sandy soils are poor inients and their humus
content is low, but they are very permeable forewaind because of the
fine sand may have a relatively high water avaliigbduring the dry

season.

These soils partly overly the Umm Ruwaba formatiformed in the

Tertiary and Quaternary period: unconsolidatedrrived lake deposits,
which contain some less important groundwater steeaThc Umm

Ruwaba formation comes to the surface in the ned:a

3. dark cracking clays, mainly found in the flood pland deposited by
the Nile and its branches, but some may have bmemefl on the spot
from basalt rock formations.

The clay content is over 60% and the pH around Bhse soils crack
deep and wide on drying out, but they seal off whetted, making the
surface impermeable, so that flooding occurs dutimg rainy season.
These soils have been callddack cotton soils'. They are rich in plant
nutrients but their waterbalance is a major obstdol the growth of

many plants. In the rainy season they are pondex tne dry season they
have very little water available to plants.

4. non-cracking clays, occur scattered as smooth fitdg. Their total
area is insignificant. A hard smooth surface makkem very
impermeable to water.

5. red loam and ironstone soils, occur mainly in treaavhere the annual
rainfall exceeds 800 mm and where drainage of exaester is
possible.

Usually a rather shallow red sandy loam (0-15 ce®ries a horizon of
pea-iron nodules or more consolidated ironstone fH is 5.0-7.0. Thc
supply of plant nutrients is not very good. Watan énfiltrate into these
soils without much problem and water availability the vegetation is
good as long as the loamy top soil is intact. Wtten subsoil becomes
exposed to the sun after erosion hard 'iron panbeaformed into which
rainwater cannot infiltrate.

Geologically the ironstone plateau is part of thes@&nent Complex of
very old sediments and volcanic formation, datingckb to the

Precambrium (before the Primary period). The Imgtand related
mountains also consist of Basement Complex magdridltheir soils are
different, due to a different climate.
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1.4 Ecological zones

From the large variation in climate we can undetahat ecological
conditions for living organisms vary widely in tBaidan. As we have, seen
the soil can cause additional differences. Thisltesn a vegetation which
ranges from desert to rain forest. Major differenge vegetation can be
described on the basis of its structure, withoutsatering which plant
species actually form this structure. Figure 1.hdves various vegetation
structures: the rain forests have the most comglaicture, consisting of
several layers of trees, a layer of shrubs, a lafdrerbs and sometimes
mosses covering the ground. The savanna consisfmtohes of trees,
seperated by grassland. The semi desert consistsvahrubs with short
grasses, while the desert hardly contains anyleigilants (except for brief
periods after rainfall). The terimbitat is used to indicate the environment
in which an organism (plant or animal) lives. Egytal zones in which the
habitat is approximately the same can be distitguison the basis of
vegetation structure. Figure 1.18 shows the magotogical zones of the
Sudan in this way. Each zone is characterised dgn@ination of climate,
soils, vegetation structure, flora and fauna. ke tiext chapter the various
zones will be discussed in some detalil.
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Figure 1.14 Vegetation structure in the various ecological mng@fter various
sources)
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1.6 Suggested practicals

1.

Probably you can find grasses, trees, snhails apard$ in your
environment. Observe them carefully and try to imaghat you take
their role in the ecosystem. Can you find examptesthe various
influences between parts of the ecosystem, indidayehe arrows in
figure 1.3?

Apart from the general trends in the climate disedsin section 1.2,
we can study thenicro-climate. If you can get hold of a thermometer,
try to measure the temperature under trees, betwaenbs, in
grassland and on bare soil. Measure these tempesatfuree times a
day (early morning, noon and late afternoon). Can gxplain the
results?

Take four equal cups, place them in the four ltiesliand fill them
witll water. After one day you can measure how muaier has
disappeared by evaporation (provided other facoesexcluded). Are
there any differences?

Describe a soil profile in your own environment.tiVsome luck you
can find a place where a hole has been dug re¢aitigrwise you'll
have to dig a new one. Describe the different kydrthe soil as you
see them: colour, structure (crumbs, blocks, cladesd, loam or clay
(see method described in 1.3) and whether or rais rpenetrate into
these layers. Do you find any organisms? What hagpjifeyou pour
water on the soil: does it infiltrate or not?

Try to classify the vegetation in your surroundiregcording to its
structure (use fig. 1.14).

By comparing the maps of figure 1.15, 1.16, 1.1d A8, try to fill in
the following table:

ecological zone climate amount of soil type vegetation
rainfall

Desert
semidesert, etc
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2. The habitats

We will now consider the ecological zones sepeyatéb see their
distribution, abiotic factors and key habitats andcharacterize the major
factors determining life in that zone. The artiséindscape drawings of the
various zones give an overall impression of theithaland show some
typical plants and animals. More detailed illustias of some of the plants
and animals can be found in the appendix.

2.1 Desert and semidesert

More than 40% of Sudan wesert or semi-desert The semi-desert or
semi-arid land receives 90-300 mm rainfall/year and has rylntonths;
the true desert receives less than 90 mm of raieat and has 12 dry
months. In these areas the rainfall is very unbédisand completely dry
years can occur. The scarcity of vegetation mehas the temperature
fluctuates over a wide range with hot days and oagiits. Sand and dust
storms (haboob) are a serious problem for alfftifens.
The soil is generally poorly developed, due tddlittainfall and lack of
vegetation.
The desert soils vary from pure sand with stoneslext by the wind, to
brown soils with a distinct crumb structure, uspaliith much lime
accumulation as salt crusts. Often the surfacer laf¢he soils prevents
infiltration of rainwater and most of it runs off tow lying places, such as
wadi's.
Some shrubs of\cacia tortiliscan be found even in the true desert, but
most plants here are only visible in the rainy eaaand survive the dry
season as seeds (annual plants). After the ocedgiaims a short-lived
grass growth is available. In Northern Darfur i tvinter the air may
cool down at night sufficiently to form dew, allavg certain grasses to
grow for some time after rainfaligizu').

Figure 2.1 Artists view of the semi-desert;

trees are confined to the edges of wadi's or plad#s ground water at the foot of

jebels; many small animals seek shelter under st@m In crevices: scorpion,

lizard, jerboa, ground squirrel and fennec fox; sogazelle species find enough
food by migrating over large distances: Dama gazdfront), Scimitar-homed

Oryx (left) and Addax (right); man similarly livéis a semi-nomadic way, keeping
camels, long-eared goats and fat-tailed sheep).(or.
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In the semidesert the growth season is very slsontedl, but especially in
wet years an abundant growth of shortlived plastgdssible. Some
woody plants can survive the dry seaséwacia tortilis which also
occurs in the desert, forms 2-3 m high shrubs endbsert soils, together
with Maerua crassifolia(although the latter species seems to have almost
disappeared since the 1950's) at deeper soils dterwsites Acacia
mellifera (Kitr, (A.)) and Commiphora africanaare found (although the

A. melliferastands have been reduced by human activities i)s we

Large parts of the semidesert are tree-less graiss|&robably this is due

to human activities in the past.

For animals the desert is a harsh environment @ithreme temperatures,
little water and little food. Only a few anteloppesies can survive, by
migrating over large distances to get food all yeamd (Dama gazelle,
Oryx and Addax, see figure 2.1). In the semi-desaeote chances are
available for small animals which hide in the smilunder shrubs during
the hottest and driest part of the day, and. wbitén survive the long dry
season in some form of restiatage.

2.2 The savanna

The largest area of the Sudan is some fornsaxfanna a mixture of
grasses and trees. Within the savanna-zone theikwide variations in
climate. According to the amount of rainfall ance trength of the dry
season, three main types of savanna can beglisshed:
a. Low rainfall woodland =Sahel savanna= thorn scrub.
(300-600 mm of rain/year, 8-11 dry months). Shartwal grasses
under 1 m and scattered trees up to 10 m.
b. Intermediate rainfall woodland Sudan Savanna
(600-1000 mm of rain/year, 5-8 dry months). Shontwal grasses up
to 2 m, trees up to 15 m.
c. High rainfall woodland =Guinea savanna= Miombo (1000-1500 mm
of rain / year, 3-5 dry months).
Denser woodland, taller trees and less grass. @lgnidants appear in
the crowns of the trees.
On the map in fig. 1.18 the first two Savanna typese been divided
according to soil types: Clay soils along all Nileanches and sandy soils
away from the riversgp?. The Guinea savanna occurs mainly on the
Ironstone Plateau. Apart from the rainfall, the miictor determining the
vegetation is fire. Towards the end of the raingsea the grass dries off
and forms fuel for the fires which people set taithor to use the regrowth
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of grass for grazing. Fire generally promotes grasd destroys trees. It
also destroys the humus or organic matter in tileSces early in the dry
season are not as destructive as later, hottex. farly burning may even
be beneficial as it reduces the chances of lates fiimanmade or
spontaneous). In several savanna types, termitexdsoare an important
element. They often provide good conditions for #stablishment of
shrubs and trees and they protect them from ficeflaoding.
The Jebels and rock outcrops found throughout #varsa give special
ecological conditions. Only few specialised plasutsl animals can live on
the bare rocks which usually form the top. On tl@pes some special
plants are found as well. Each of the savanna tyjpaes its own
characteristic plant animal species (fig. 2.2 a1®).2

The Sahel savanna is characterized by Baobab themsonia,Tebeldi

(A.)) andAcaciatrees.

On clay soilsA. mellifera(Kitr, (A)) dominates, on sandy soifs. senegal

(Hashab (A)), from which gum arabic is collected flooded areas of this

zone the Dom-palnfHyphaene thebaica)revails. Various thorny shrubs

and low, annual grasses are typical. The Desegt ros

Figure 2.2 Artist's view of a poor, (Sahel or Sudan) savano@munity.

The vegetation consists of a sparse grass-covér fram left to rightAristida,
Eragrostisand Cenchrus biflorus(Haskanit, A.) as typical speciegicacia's,
Baobab-tree (Tebeldi, A.) and the Desert R¢sdenium) brm the trees and
shrubs; Herbivores include: grasshopper, tortoiskk-dikgazelle, lesser kuduu
giant eland; the baboon is an omnivore; carnivoiieslude striped hyaena,
caracal and leopard; insect-eating birds are commbBiopoe, Wheatear, Roller
and Bee-eater; on rock-outcrops (jebels) a spec@hmunity is found with the
rock Jig tree (Ficus populifolia), hyrax, klipspringer and leopard as typical
species; human use of this environment consigigihg goats and cows, tapping
gum-arabic and growing millet. (or.).

Figure 2.3 Artists view of a rich (Guinea) savanna community.

The vegetation consists of tall grasses and a tyanétrees; typical grasses (from
left to right): Panicum, Brachiaria, Setaria, Andropogamnd Hyparrhenia;trees
like the Sausage tree and the Borassus-palm arénemhto streams; old termite-
mounds (right in the picture) contain many shrulpsl &limbing plants and give
hiding places Jor mongooses and other animals;sédnanna vegetation is eaten
by many large herbivores: giraffe, elephant, buffahinoceros, zebra, Mongalla
gazelle, ostrich; carnivores include: lion, cheetadnake, secretary bird and
chameleon. (or.).
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(Adenium obesumSim Ahmar (A.)), the stem of which resembles the
Baobab tree, forms a conspicuous part of the drarsza.
In the Sudan savanna the grasses are much talkbrasen mostly
parennials instead of annuals. When they aredif form huge, sweeping
fires which are only stopped by water courses ootxasional grass-free
areas. Severacacia-treesare typical of this zonéA. seyal, Talh (A))),
and Balanites aegypticakleglig (A.). Sausage tre€Kigelia aethiopum)
and Fan-paln{Borassus aethiopunioleb (A.)) occur along the streams
and rivers.
In the Guinea savanna many larger trees occur aadsgs become
limited. Mahogany(Khaya senegalensis), Isoberlinia dokRduba (A.))
and the Sheabuttern(Butyrospermum niloticuni,ulu (A.)), and several
climbing Acacia species are typical trees of thén€a savanna.
The tall -grass -savanna is the main habitat feddhger mammals. During
the rainy season food is abundant for them, bthéndry season they have
to migrate. Long legs help them in viewing over g¢nass as well as in fast
movements. Various antelopes, zebra and the whit®ceros are typical
of grass-areas, elephant, giraffe and monkeys sually found among the
trees. The large mammals are the most conspicuasiual$o the soils are
full of life. Fig. 2.4 shows some of the animalsigth can be found in
savanna soils.

2.3 River and floodregion

The river Nile and its tributaries take a centricp in the ecology of a

considerable part of the Sudan. In the North threomaNile valley contains

more life than all of the desert zone. In Centrad &outhern Sudan the

zone of influence is very wide.

Two types of river can be found. Fast flowing rivezontaining large

amounts of silt and nutrients with a pronouncedsseal flow regime and

comparitively slow rivers which have lost most bkir load, often by

passing through a lake or a swamp and which otem throughout the

ear.

Y When the Nile enters Sudan at Nimule it has juistthe swamps of the
Albert Nile and it flows slowly. Between Nimule ahdongalla its name
Bahr el Jebel indicates its character: a fast fhgwiriver between
mountains. Several seasonal torrents join and alidtos dle river.
Between Mongalla and Malakal during its passagéhefSudd the river
gradually becomes the White Nile with transparaater The Bahr el
Ghazal which joins the White Nile has passed thnoagwamp as well
(and has been rather poor in nutrients from itgjrieéng).
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Figure 2. 4. Some organism living in the soil:
1. earthworm, 2. Larva of housefly, 3. Larva oftlel. Pupa of moth, 5. Bristle-tail (enlarged),Eelworm penetrating
grass-root (enlarged), 7. Woodlouse, 8. Centip8dé/ite (enlarged), 10. Millipede, 11. Collembo&n(arged), 12. Earwig,
13. Slug, 14. Cricket, 15. Grassopher, 16. Scorpldh False scorpion (pseudo-scorpion), 18. Spitier,Caterpillar, 20.
w Caterpillar-killer with its prey, 21. Larva of tigdeetle, trapping small prey, 22. Adult of tigeetle, 23. Dung beetle, 24.
© Ant, 25. Larva of ant lion, trapping ants etc., 2&lult ant lion, 27. Mushroom. (or.)
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The river Sobat which joins in at Malakal is strhnigseasonal and comes
from the Ethiopian mountains. Its character is Eimio that of the blue
Nile which joins the White Nile at Khartoum and ttieer Atbara which
joins later.
The recent man-made reservoirs in the Blue Nile &éarge part of its silt
load. The main Nile which flows from Khartoum to HeaAswan is of
mixed character. Figure 2.5 shows the seasonarpaif flow.
Water as a habitat occurs in three main typesloa)irig permanent water
(river, main irrigation canals), b) stagnant or aémnstagnant permanent
water (swamp, small irrigation canals) and c) ssagntemporary water
(seasonal swamptic (D.), hafir (A), maya's(A.))

Figure 2.6 Some life-forms of fresh-water.

Plants: 1. Vallisneria, 2Hornwort (Ceratophyllum), 3Bladdenvort(Utricularia),

4. Floating blue fern(Azolla), 5. Water-fern(Salvinia), 6.Waterlily (Nymphaea),
7. Water-lettuce(Pistia), 8.Water hyacinth(Eichhornia), 9. Papyru4,0. Ipomoea
aquatica, 11.Elephant grass(Pennisetum purpureum), 1Bulrush (Typha);
Water-insects:13. Water-skater (Gerris), 14.Back-swimmer(Notonecta), 15.
Boatsman (Corixa), 16. Water stick insect(Ranatra), 17.Water scorpion
(Laccotrophes); 13-1&re water-buggHemiptera); 18Diving beetle19it's larva;

Larvae of flying insects: 20. Malaria-mosquitq@nopheles), 21.Mosquitoe
(Culex), 22. Midge (Chironomus), 23.Hooverfly (Eristalis), 24. May-fly

(Ephemeroptera), 25.Caddis-fly (Trichoptera), 26. Damselfly (Odonata:
zygoptera), 27.Dragonfly (Odonata: anisoptera) , 28Dragonfly adult;
Crustaceans29. Shrimp, 30. Prawn31. Copepod,32. Ostracod,33. Water-flea
(Cladocera); 29-34re enlarged; Other water animal84. Water-mite 35. Water-
snail, 36. Fresh water musseB7. Leech,38. Planaria, 39. Toad-fish; Birds: 40.
Kingfisher, 41. Lilly trotter Oacana), 42Hammer-kop43. Saddle-bill stork44.

Crested Crane45. Shoe-bill stork (Abu Markub, A.). (or.).
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The main ecological conditions with which organidmase to cope are:

— seasonal swamps they have to survive the dry spason

- in flowing water they have to resist the current;

— n deeper water oxygen does hardly occur, espediailyarm, stagnant
water;

- in deeper water light hardly penetrates, especialgn the water is
muddy;

— the nutrient content of water is often low.

Figure 2.6 shows some of the typical organismaidjin the water or on its
surface. Most of these mainly occur in the permaseamp.
On the map of ecological zones (fig. 1.18) about ¢mrd of Southern
Sudan is indicated as flood region. Throughout #risa there is higher
ground on which people live, but most of the aemdeed flooded for at
least a few months every year. A gradual transiérists from deep open
water to permanent swamps, to seasonally flooded to occasionally
flooded ‘intermediate land' and to higher groundictv carry a savanna
vegetation.
The growth seasons here are determined by floadithgr than by rainfall.
Part of the floods is due to the rivers overflowitigeir banks. But a
considerable area is also flooded because on d@haulface excess water
from rainfall cannot be collected in rivers and dese the heavy, cracking
clays hardly allow water to infiltrate. This pondimccurs mainly in me
area receiving more man 800 mm/year of rainfall.
The higher grounds which usually are sand ridgesadah termite mounds
have a better drainage.
Cyperus papyrusforms the most conspicuous part of the permanent
swamps of the Sudd. Its stems (rhizomes) are fidircchambers and can
float on water. In permanent water without strongrents it forms a
dense vegetation in which only some climbing pldimg a place. On the
river side of this vegetation two grasses are fowldch extend long
creeping stems into the currerfPhragmites mauritanusand Vossia
cuspidata. Between their stems water-hyacinth planf8ichhornia
crassipes)nay get protection from the current and start gngwil wining
and climbing plants such dpomoea aquaticaand Luffa cylindra give
further strength to these plant masses which magkboff the shore as
floating islands.
Behind the mainCyperus papyrnszone the tall elephant grass,
(Pennisetum purpeureungnd the bulrush(Typha australis)grow to
about the same height as the papyrus. These @amtsiore resistant to
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occasional dry conditions or fires. In a mosaichvthis high vegetation
are creeks and pools with floating and submergedersdants.

Noticeable among these are the waterlily, waterbett bladderwort and
floating blue fern shown in figure 2.6. The swangisng the Bahr el
Ghazal show a much less luxuriant growth of thiegi@sses.

Among the seasonal swamps or toic's that fringepttrenanent swamp

three types can be distinguished, on basis of th@rthnt grasses:

1. Echinochloaon heavy clay soils with at maximum a water detore
meter in the flood season. Low lying parts conefskE. stagninaand
Vossia cuspidataparts with lower floods consist of Byramidalis ad
the wild rice,Oryza barthii.

2. Phragmiteson sandy soils with a long period of flooding.

3. Hyparreniaon sandy clay soils flooded for less than 3 months.

This last type also occurs on the intermediate.l&mthe permanent swamp

there is only one woody plant, ambatfheschynomene elaphroxylon},

with very light wood. In the toic and the intermatdi land trees are
confined to old termite mounds and occasional higiheunds.Tamarindus
indicaand the African ebon§Diospyros mespiliformisgre typical trees for
termite mounds, along witBuphorbia candelabrurand several climbing
plants. The higher grounds show a savanna-vegetatio

Further along the river Nile several typical treecurs: sunt(Acacia

nilotica) which can form dense stands, partly flooded. On -fewed

sandbankd amarix niloticais often the first tree to grow. The dom-palm

(Hyphaene)and Acacia albida(Haraz (A.)) typically occur on the river

banks with ground water within reach.

For land animals moving in a marsh is difficult.eThippo spends its days

inside the water and comes to the shore at nigletetth on grass. Two types

of antelope have special feet which enable themvalkx on the soft mud:
the sitarunga (Tragelaphus spekel)and the Nile Lechwe (Kobus
megaceros)During the dry season the toic, which is gradudtlying up, is
used by many other mammals for grazing. Otherwieararshes and toic's
are mainly the domain of birds, with either longddhat reach the bottom

(such as the various type of stork have), long tbasenable them to walk

on waterplants (such as the lilly- trotldacana)has) or webbed feet that

can stand on soft mud (such as the abundant Egymaose has).

Crocodiles are common outside the main water ctgrévionitor lizards

can be seen sun-bathing on the riverbanks; theygaoel swimmers if

necessary.
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Figure 2.7 Zonation of the vegetation in the Imatong Mountors)

2.4 Rain forest and montane zone

The lower limit forrain forest is 1500 mm of rain/year and less than 3 dry
months. So in the Sudan only on the borders oftlmtry some rain forest
occurs. This is 'low rain forest'. The ‘high raordst' of fig. 1.14 with its
even more complicated structure can be found indales. On the map of
figure 1.18 the border with Zaire is indicated ish' savanna woodland
recently derived from rain forest'. Over the lashttry most of this rain,
forest has been transformed into savanna by huri@rity This zone is
known as the

Figure 2.8 Some organisms living in It rainforest;

plants: 1. emergent tree?. tree of the main canopy, with plank rodds,Jig tree,4.
dragontree(Dracaena), 5tree fern,6. wild banana(Ensete), 7wild coffee,8.
prickly shrubgAcanthus), 9epiphytic ferns; insects: 10. swallow tail buttgrfl1.
bee's nest in hollow tree; amphibiank2. tree frog; reptiles:13. python; fruit-
eating birds: 14. grey throated barbet]5. casqued hornbill; insect-eating birds:
16. sunbird, 17. tinker bird, 18. honey guide; bird of preyl9. Verreaux's eagle;
mammals: ground living herbivores: 20. bush bugk, duiker, 22. bushpig, 23.
buffalo (short-horned forest varietyR4. bongo, 25. elephant; ground living
carnivores:26. elephant shrew {eating insectg). civet, 28. leopard; tree living
herbivores: 29.jrnit bat, 30. gala go or bushbakgctive at night),31. blue
monkey32. mlobus monkey. (or.).
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greenbeltand still provides opportunities for an abunddanpgrowth of
the relative constancy of the rainfall. Temperatalso fluctuates far less
than in the drier savanna. Other areas of rainsferare found in Acholi,
Imatong and Didinga, mountains.
The rainfall here goes up to over 2000 mm/year thadclimate is much
cooler. Along the mountain-slopes we see a gradhahge from the
savanna types of the plains to a rain forest withrencomplicated
structure. The tops of several mountains are covdrg grasslands
because of man-made fire. Towards the highest ster(iiount Kinyeti
being the highest in the Sudan, 3180 m) the falissippears for climatic
reasons, the rainfall decreases and an open lavb gimmmunity remains
(Fig. 2.7).
The structure of the rain forest is complicatedtangled mass of tree
trunks, branches covered by mosses and ferns, ioljmbplants etc.
Movement for animals is difficult.
Several small mammals can creep through the grtayeds (such as bush-
pig and duiker); large ones have to be strong @bufand elephant). The
majority of the animals live in the trees and avedjclimbers, jumpers or
flyers. (See figure 2.8).
The hill regions of Jebel Marra and Nuba Mountadts not receive
sufficient rain for rain forests to develop. Thay @overed by a savanna
vegetation or woodland which is much richer thaat #f the surrounding
plains. Along rivers richer forest types generallyme into the neigh-
bouring zones, because of the extra water supplgsd are called gallery
forests

2.5 RedSea Coast

The area along the Red Sea coast differs in sewengd from the rest of
the Sudan. The sea of course contains life fornite glifferent from any
found on land or in fresh water, but the land altimg coast is influenced
by the sea as well. Rainfall is increased, ocaunsinter time rather, than
in the summer and the air is more humid. In the Bed hills near the
Ethiopian border rainfall is highest and the 'naiasis' of Erkowit carries a
rich vegetation, although the vegetation has dedlim recent times by
human activities.

A typical tree of the Red Sea hills Jsiniperus proceravhich occurs in

almost pure stand®racaena amberthe dragon tree, which used to be

quite common has almost disappeared in the last j@ars. Because of
the frequent mists epiphytic lichens are common.
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Due to the presence of small water courses, thetaggn in the northern
part is of a semi-desert type, instead of the dedgich is found inland.
On the actual coast mangroves are quite commoeagatation formed by
the mangle tree (mostlvicennia marinawhich lives in the tidal zone
and has horizontal roots with vertical structurieghg out of the mud for
breathing (see fig. 1.1.B).
The Red Sea itself is connected to the Indian Qdeainthe water is more
saline (salty) because of the absence of riversngdftesh water and
because of the high evaporation rate. Becauseeahlbsence of rivers the
water is very clear and lacks mud. In contrasttteiocoastal seas which
are often muddy and contain many algae which sa@pdch fish life, the
Red Sea is comparatively poor in terms of fish potidn. But the number
of fish species is very high, especially on theatoeefs (see figure 2.9 and
2.10).
Along the coast a number of zones can be distihgdis each with
characteristic fish species: shallow inlets (knoloally as mersa's), a
'boat channel', a fringing coral reef rich in |defs, a deep channel and a
‘barrier reef before the open sea starts. Espgdladl edges of the reef are
rich in fish species. The coral reef (figure 2.19p very special type of
ecosystem, which is only found in shallow tropisaeks, parallel to the
coast. The reefs afermed by colonies of small sea Anemones and pslype

which secrete a calcareous exo-skeleton. In gemdbgieriods the water level of
the sea 'is rising gradually, coral reefs are luuld

Figure 2.9 Habitat zonation along the Red Sea Coast, chararelscoral reefs;
typical fish species for the various zones arenffrteft to right): Sardinella,
Caranx, Argyrops, Istiophorus, Plectroponamsi the shark. (modified from Reed).
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; barrier (18- 0 @)
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Figure 2 .10 Lifeforms of a coral reett. algae(Liagora viscida); 2sponges: a)
bottleforms, b) soft sponge3; Pink jellyfish;4. sea anemone: a) with ‘anemone
fish' hiding between tentacles, b) with 'coral fighmphipron), ¢ dahlia anemone,
d) plumose anemon§; corals: a)Acroporacolony, b) porites, c) soft coral, d)
Millepora, €) Acropora, with starfisfiAcanthasterattacking the coral, f) brain-
coral (Lobophyllici), 9) Dendrophyllidiving polyp, h) coralformedby previous
species®H. giant musse{Tridacua); 7 prawn (periclemenes); &ea-lilly
(Nemaster); 9sea-urchin's; 10. starfish: a) common starfishgcb¥hion starfish;
11. fishes: a) shark (normally behind barrier reef),rbund tailed rock cod
(Cephalophis)¢) needlefisHTylosurus),d) Anthias,e) Chaetodonf) stonefish
(Synancela), 9) Pomacanth$,scorpion fish(pterois),i) ray (Dasyatis)j)
Arothronwith cleaning, fish (Cabroides). (or.).

The reefs consist of many different species of lsprarge sea weeds,
many invertebrate animals and fish. The coralsnaa@ly filter feeders,

living from small algae and other food particleslie water. As sunlight
does not penetrate far into the water, there offea clear zonation of
species from the shallow to the deeper parts.

2.6 Suggested practicals

In this chapter the major ecological zones have lbescribed. Within each
of the zones there still exists a large range ieint communities on a
smaller scale, living in the 'micro-habitats'. Toyidentify ten such micro-
habitats around where you live or around the sch@mscribe the,
combination of factors responsible for creatings thiicro-habitat (soil,
water availability, sun or shade, treading, slaghidigging and other
human activities). Give the (local) names for ptaabd animals living in
each of these micro-habitats. You can use thetriflitisns of the appendix
for naming them.
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3. Adaptations

3.1 The need for adaptations

Basically all green plants need the same things fileeir environment to
live (figure 3.1). These basic needs include sttligvater, mineral
nutrients, carbondioxide in the air, oxygen in god (for respiration by the
roots) and a suitable temperature. All animals dadlsi have the same
needs (figure 3.2). These are food (containingrgneprotein, vitamins,
minerals), water, oxygen and a suitable temperature

If one of the basic needs is not fulfilled an origamcannot live. In every
habitat some of the basic needs may be easilylédlfiwhile others are
hard to get. So each habitat poses its specialgmsbfor life. In the desert
sunlight and oxygen in the dry soil will be plentjfbut obviously shortage

Figure 3.1 Main relationships of a plant with its abiotic ersiment (or.).
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Figure 3.2 Main relationships of an animal with &svironment (or.).

of water and the fluctuating temperature creatdlpros. Inside a papyrus-
swamp the temperature and the water supply areufabte, but there is
little sunlight and in the mud the oxygen supply psor. So each
environment has its limiting factors.
The concept of limiting factors can be further expéd by an example
concerning soil fertility. To grow the plant neezkrtain amounts of plant
nutrients such as N, P, K, Ca etc. If one of thissi&acking the plant
cannot grow at all. In some soils all of these ieratis are available in
large amounts, in other soils all nutrients arercgabut often some are
abundant while others are in short supply. The etgm which are in
shortest supply are the limiting factors. Figur8 3hows the nutrient
contents of three soils. Which factors will limlapt growth in each case?
Because in each habitat other limiting factors pmeithate the 'general’ type
of. plant or animal of figure 3.1 and 3.2 cannoisexPlants and animals
need special modifications of their structure, pbiggy, behaviour or life-
cycle so as to solve these specific problems dfl eagironment. Solutions
to the

Figure 3.3 Various aspects of soil fertility forréle soils, illustrating different
limiting factors: the first soil is fertile in allespect, the second poor in all respects
except pH, the third especially poor in phosphorddata David Billing, P. F. U.)
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two ironstone soils heavy clay

specific problems or limiting factors, are calldhptations In this chapter
we will discuss as examples adaptations for sumgidroughts, surviving
high temperatures, or a poor oxygen supply, angtatlans to special
abiotic factors such as grazing and predation.
Sometimes the worsltrategy is used to describe the complex of structural,
behaviour and life-cycle adaptations of a certaganism as a solution to
the specific problems of its environment.
In this chapter we shall give some examples, butwil probably know a
lot of it already, as most of Biology is concern&@h how organisms live,
that means the relation between structure andifumct
Before giving examples it is useful to formulate firoblem more clearly.
Every adaptation not only has benefits, but recplocosts too.
Sometimes these costs are simply costs in terragargy needed to build
extra tissues of structures (e.g., deeper rootpléots or a special type of
bill for a pelican) of energy needed for additiohgles of behaviour (e.g.
running away from danger or migration to other hLetbi in adverse
seasons). In these cases the problem for the plaahimal is how to
budget, how to distribute the available energy &appfor example a
plant can use its energy to make either green teaveoots or flowers
and seeds. A basic choice is whether to spend ymergurvival of the
organism itself or on reproduction (‘survival ire tbffspring’).
In other cases the costs a can be more seriouad#ption as a solution to
one problem quite often creates new problems, tgrfering with other
basic needs and functions of the plant or animany/adaptations for
drought in: both plants and animals for examplessirof closing off the
surface to reduce the evapotranspiration. But bpglso, problems are
created for gas exchange with the air which is edddr photosynthesis
or respiration (see fig. 3.1).

3.2 Temperature, waterbalance and growth rate

Much of the outer structure and behaviour of orgasi can be interpreted
as adaptations to maintain a suitable body temperan the specific
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environment of the organism. All life processeghn cells of organisms
can take place within a limited range of tempematurhis includes a
minimum-temperature at which the organisms activity is viaryted or
where it freezes to death andraximum-temperature at which essential
parts are destroyed. Somewhere in that range tlseran optimum-
temperature at which the organisms will functiostb&o all organisms try
to keep their temperature as close to the optimarpassible. Birds and
mammals are better at this than most other organiand are able to
maintain a fairly constan\t tgmperature in the npeirts of their body.
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Figure 3.4 Temperature balance of a lizard; the solid linedigate exchange of
heat with the environment, the broken lines excharfgelated substances

(modified from Cloudsley Thompsd®77).

They are callechomoiothermic organisms. The other organisms (e.g.

reptiles, fishes, insects and plants), whose teatpers varies over a

wider range, are callgubikilothermic organisms.
All organisms produce heat as a side-effect of allplificesses for which
energy is used. The amount of heat produced depentise activity level
of the organism; it is much higher for insects ad$® during flight or
running mammals, than for slow, creeping worms amhkes. All
organisms gain or loose heat by exchange withnhE@ment via various
physical processes, indicated in figure 3.4.

a. radiation: the sun heats the earth through radiation, whimhtains the
energy on which all life depends. All organisms dedd objects also lose
heat through radiation, the intensity of which dege on their
temperature. Colour is important, as white surfaeflect and black ones
absorb radiation energy.
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b. conduction: if two surfaces are in contact they exchange .h¥au
experience this when standing on a cold floor oaanck. Drinking cold
water or taking it up through roots cools off anisnand plants,
respectively, by conduction. )

c. convection air-streams or flowing fluids can bring or takeak e.g. wind
(cold or hot) or fan.

d. latent heat exchange: when water evaporates it needs enengy the '
surroundings for the change from liquid to a vap&waporation ofvater
on the surface of a plant or animal results in ¢beling down of the
surface by this process of latent heat exchange.

Animals can regulate their temperature by manimgatny of these;
processes. Behaviour is important: animals can s#hdor activity in
daytime or at night; they can select a suitablerori@bitat (e.g. a position
in the sun or shade, or a burrow in the soil); tbey orientate their body-
axis to the sun or wind, to expose a larger or lemaurface area; some can
create cool air streams (e.g. flapping ears ofhalpfs). All these actions
influence heat exchange with the environment. Exatpmn of water cools
down its direct surroundings. Animals can make of¢his fact to cool
their body temperature by producing sweat.
The related process of transpiration is the maithogefor cooling down,
available to plants, which are restricted in thegialities to move their
leaves and therefore in manipulating the other $oofrheat exchange.
The skin and its structure is very important fog temperature balance of
an animal. Hairs (mammals), feathers (birds) otescéas reptiles have for
instance) affect all the processes mentioned: th#yence absorption or
reflection of radiation; they can form an insulgtitayer limiting heat
exchange by conduction; they can reduce the aiv fieer the skin and in
such a way reduce convection; such air flow is afsportant because it
stimulates evaporation by removing water vapoure Bame principles
apply to the hairs and scales, which some plante.hglany animals are
able to influence these factors by putting hairfeathers down or upright.
An interesting adaptation can be seen in sevesdrtdenammals. Instead of
storing fat under the skin as most mammals fronerotiabitats do, they put
their stores in special organs: the humps of a tama zebu-cow or the fat
tails of desert sheep are good examples. In thysth&y can more easily get
rid of excess heat.
The size of an animal has important consequenagsthé temperature
balance. The surface area, which determines heclhaage with the
environment increases with the second power of Itmgth, while the
volume, which determines metabolism, generationheft and internal
storage of water, increases with the third powertlsd length. Only
comparatively large desert animals have a surfaas®iume relationship so
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small that they can afford to cool themselves kg éliaporation of sweat.
These include the camel, donkey, addax, oryx amdadgazelle. Because
they have a greater reserve of water per unit afesurface, such large
animals can suffer a given rate of water loss éager than small ones,
before their water contents are reduced too faa ffea would have to
preserve a constant temperature by evaporation weiponsed to desert
conditions, it would dry out completely after fimeinutes. For a tse-tse-fly
it would be approximately twenty minutes; for austone hour; for a rabit
twenty hours and for a man sixty hours. Small afént@an only live in
desert-like circumstances by restricting theinattito the night and to the
most humid parts of the environment.

Evaporation and transpiration can be regarded assyiway of regulating
temperature for those organisms which can affordSi temperature
balance is related to water balance. We find thetragtreme adaptations
in desert organisms which live in an environmentclwhs hotduring the
day, cold at night and with no water available tf@nspiration. Tolerating
higher temperatures during the day and coolingabfhight is typical of
desert organisms. Some desert animals (e.g. jedsoad-rat) can live
without drinking water, living on the water storigdtheir food (plants), on
dew which forms during cold nights and on the 'fhelia water' formed by
the respiration of sugars. Many desert animals aedwater loss to a
minimum by making very concentrated urine. Plaex$ract water from the
soil with their roots according to their needs. Thain driving force for
water uptake is suction by the drying of the leawbsch lose their water
during the daytime. Waterloss is functional in temgiure regulation, but it
is mainly a side effect of the gas exchange neéatqzhotosynthesis

Plants need a continuous inflow of carbondioxid® itheir leaves and
therefore they need contact with the air outsilepugh openings in the
leaves. But as they have these openings they castopt the loss of
watervapour. Similarly, animals loose a lot of wesgour to the air by
respiration.Stomata are mechanisms plants have to open or close d¢ontac
between the air outside and the air in cavitighénleaves. Most plants will
close their stomata at night, when there is na lighphotosynthesis; open
them in the morning and close them around middagnwvtvater loss
through transpiration becomes too high. In this vpdgnts try to make
maximum use of photosynthesis for the amount oemngppent. Stomata are
generally found on the under side of the leaf. Tbdkices the loss of water.
The green cells of the leaf receive light from aband carbon | dioxide
from below.

55



Possibilities for regulation by stomata are limiteolvever, and there are
clear differences between plants adapted to diysakerophyteg, plants,
of intermediate land environments, plants of mod#mp places and
waterplants. Examples of xerophytic adaptationshoavn in fig. 3.5.
They consist of a) thick wax layer covering allfages; b) hairs or scales to
reduce airflow around the leaves; c) a reductiosize of the green parts of
the leaves; d) a very extensive root system (whaith be much larger than
the | shoot system; e) facilities to store water in tbets, stems or leaves
(such plants are calleslicculen) f) possibilities for closing the leaves (for
example compound leaves with. ‘joints' at the bais¢he leaflets as in
Acacia's)or leaves that can roll in (as in grasses) andyghdwing few
stomata, arranged on the underside of the leadéép droughs.
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Figure 3.5 Xerophytic adaptations of plants: 1. modified leafitomy, with thick
cutickle (A), surface covered by scales (B), femnsta (C), confined to the lower
side of the leaf, in deep throughs, covered byshéD); cell layerE is mainly
responsible for photosynthesi®; composite leaves with moveable leaflets, as in
Acacia:they open when sufficient water and light are aa# (a) and close when
either is lacking (b);3. succulent plants with reduced leaf area and intérna
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storage of water inEuphorbia candelabrunfa) and Aloe (b); 5. modified
shoot/root ration with deep and extensive root eystas in this desert shrub
Pithuranthos (1-4 or., 5 after Walter).

Most of these structures lead to a reduction otgdymthesis and hence of
the growth of the plant. Plants without these aalaqnts cannot grow in the
desert (the habitat of xerophytes) because theyodty Xerophytes can
potentionally grow 10 moist habitats, but they grmmslowly that they will
be overgrown by faster growing plants without ditaugdaptations. There
is a gradual transmission from true xerophyteshefdesert to 'plants with
still some xerophytic adaptations in the savanna.
Two groups of plants have found a solution to thebfem of loss of
watervapour as a side-effect of g@flux into the leaf for
photosynthesis. The first group has a much moreiefit means of
biochemically 'trapping' carbondioxide, charactetizas the €pathway
instead of the &pathway of other plants. Many tropical grasseshsas
Sugarcane, Durésorghum)and Maize, and Papyrus belong to this group.
They can continue to photo- synthesize in dry cooms, with their
stomata nearly completely closed. They mainly odouwarm and dry
conditions.
The second group consists mainly of succulents lwhie able to store
CO, at night in their cells and use it during the day photosynthesis
with closed stomata.
By opening their stomata at night for taking in OfBey can use water
more efficiently, as the transpiration at nightower. For more details the
reader is referred to modem plant physiology teckiso
In the rain forest plants we see quite a differethptation: most leaves
have 'driptips' (figure 3.6), which make the suefalty soon after rainfall.
In this way they can quickly resume photosynthd3&n forest trees show
much less variation in leaf shape than plants fiairer environments.
Plants which can only live in moist, damp placesally occur in the shade
at very low light intensities. So they need adaptest to use what light
there is as well as possible. Their leaf surfaea & as large as possible
and usually the leaves are very thin. Shade plasally have
physiological adaptations as well to make fullex afthe scarce light.
Waterplants have both water and sunlight availabtethey are able to
grow very fast (e.g. waterhyacinths and papyrusjné& are submerged in
the water, others float on the water surface witkirtroots floating freely
or attached to the bottom. A third group is rooted¢he bottom and has
emergent leaves above the water. Water currentsdisayrb the plants, so
plantlife in standing (stagnant) water is more aaum than in flowing
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streams, and plants from streams have finely ddvidaves to reduce
damage by the flow. Usually the upper surface adtfhg waterplant leaves
has a thick cuticle; not to prevent transpiratiout, to prevent water from

Figure 3.6 Drip-tips of rain forest ;
plants (after Longman &Jenik).

flowing over the laves. Often the leaves contairchambers to keep them
floating:
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There is almost as much variation between the sgetems of plants as
between the above groundparts, although much ef hiiation remains
unnoticed. Digging up root systems is a time coriegractivity, but still it
can be quite rewarding. Most annual plants fornormmaratively small and
shallow root system, even in the semidesert. Té sgstems of perennial
grasses usually are confined to the first half metiethe soil as well,
although they may penetrate deeper. Between tré&age variation occurs.
Rain forest trees usually have rather shallow gystems. Many savanna
trees have root systems which are deep going bighwaiso are expanded
in breadth. The roots &cacia seyal, A. senegahd Balanites aegyptiaca
can reach as far as 8 m from the trunk in thelagér 20-60 cm below the
surface. Their taproot usually reaches a depthdmatvt and 2 meter. Desert
trees and; shrubs generally have roots which gpeatebdut with less lateral
expansion. The lateral expansion is mainly funetioin those situations
where the trees have to compete for water with ris@eyrass vegetation.
Perennial herbs in the semidesert area, su€taasia sennanay have roots
to over 2 meter deptlcacia niloticaand A. albidaoften penetrate below
the ground water level. Oxygen supply to such rdst® problem but
internal air channels inside the roots can overctivase problems. Internal
air channels are also a common feature of marstigptaich as the wild rice
(Oryza barthil).

In section 1.3 the difference in water holding aatyabetween clay and
sand soils was explained. This difference is rédlécin the vegetation.
Many trees can occur on sandy soils in places mitich less rainfall than
they require on clay soils. For examphgacia seyahas its optimum on
sandy soils at 250-400 mm rain/year, while on dails the optimum is
600-700 mm/year. The same applies to the xerophsficib Calotropis
procera(Usher, (A.)) The flood plain offers very extremeasons to trees:
either flooded or extremely dry cracking clay soil$ie few trees which
occur on the edge of the flood plain and on theelowdge of termite



mounds,Acacia drepanolobiunfwhistling thorn, fig. 4.15) ané&uphorbia
candelabruntfig. 3.5), shows xerophytic adaptations as welhdaptations
for tolerating the floods.

3.3 Surviving the adverse season

In discussing the temperature balance of animalsave that one of the
main strategies is to avoid adverse conditionppgsible, by choosing the
best microhabitat. This strategy is applied on amwider scale. Both
plants and animals can solve problems of advergieommental conditions
either by toleratingstressor by avoiding stress factors. They can avoid it
by either moving away from itnfigration) or by entering into a resting
stage and waiting for more favourable conditionanyiplants in the semi-
desert are annual plants with a very short lifdey8eeds germinate after
the rainfall and within a few weeks the plants h#eeered and produced
new seeds which can survive in the dry soil fooagtime. In this way
these plants avoid the drought and they do not resaphytic adaptations
(so they can grow quickly whenever there is watsirilarly, many insects
have resting stages in their life-cycle by whicleytlcan survive adverse
seasons as pupae or in thick-walled eggs. Thisegiraavoidingstressis
applied to many sorts of stress factors or adveesesons. In temperate
climates the cold season is the main adverse segstopical climates it
is usually the dry season. For land organismsaerfldod-region, the flood-
season is the adverse period. Fire is a seasoass $actor associated with
the dry season, which only well-protected animalgl as a tortoise) can
tolerate and which most mobile animals will tryateoid.

In perennial plants, there are a number of waysun¥iving the adverse
season, which mainly depend on the position of ghewing point, as
shown in figure 3.7. Protection of the growing gand resting buds from
adverse outside influences (fire, grazing or tnegddican be achieved by
structures such as scales, leaves or thick barkeffampleBalaniteshas
thick layers of cork andcacia seyahas fleshy bark), or by a position of
the growing points in the soil or high above it.
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Figure 3.7 Life forms of plants (after Raunkiaer); the solithdk parts survive
during the adverse season

position of growth points @ \ER
large tree 8m above ground level
small tree 2-8m above ground level

1

2

3 shrub 0.25-2m above ground level
4 low shrub or creeper 0-0.25m above ground level
5 tussock grass

6 plant with stolones or thizomes  at surface

7 plant with rosette and taproot

] plant with bulbs, below surface

9 earms of tubers

10,11 marsh plant in mud

12 water plant in water or mud

(Fires usually have the highest temperatures aitabm height).
Young trees and herbs (2, 3 and 4) are easilyckilefire, but bulb plants
(8), taproot plants (7), tussock grasses (5) oabdished trees (1) may
survive. Of course full-grown trees can be destiolyg a crown-fire, but
they can withstand grass-fires if their bark isckhenough. So growth
forms 5-8 and to a lesser extent trees (1) arsubeessful life-forms of the
savanna; growth form 8 and 9 and annuals, survigggeeds predominate
in the (semi) desert and 1-4 in the forest. Thet roup has an obvious
advantage there over plants with lower growing {®im competing for
light.

Technical terms exist for the various growth forms:

1, 2, 3Phanerophyte 8, 9Geophyte
4 Chamaephyte 10, 11 Helophyte
5, 6, 7THemicryptophyte_ 12Hydrophyte

Annual plants (surviving as seeds) are callbdrophytes

Many plants have seeds which can survive in thiefeoimany years. We
can speak of aeedbankin we soil, a collection of viable seeds waiting fo
suitable conditions to start to germinate. The piggical condition of
these seeds is called dormancy.
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A distinction should be made between quiescencestifrg’) and

dormancy (‘sleeping’). Quiescent seeds are simg@liting for enough

moisture and the right temperature to start thegs® of germination.
Dormant seeds need some environmental factor &akbthe dormancy'
before they will respond to suitable conditions g@rmination. A clear
example is given by seeds which need to be exptsddht, however
briefly, before they germinate. Various weeds frarable land, lettuce and
Acacia senegalhasbab (A.)) are examples. This reaction helpséeels to
germinate only when we soil has been disturbed reate suitable
conditions.
Seeds of variouéicacia'sneed passage through animal guts to break their
dormancy. Seeds which are produced during the re@é@gon are usually
protected from germination until the next rainyseabecause they need to
dry out completely before they can germinate. Mdagert plants contain
chemicals in their seed-coat which inhibit gernimat A heavy rainfall is
necessary to wash these inhibitors away and tgerigermination. Daily
fluctuations of temperature often promote seed-gation. The seeds of
Acacia seyalTalh (A.)) only germinate after a fire has brokdwe seed
coat.

A difference exists between the general 'germinasivategy’ of plants in
the dry savanna and in the (semi) desert. In tHeelSzone immediately
after the first rains large numbers of seedlings loa seen. If the rainfall is
interrupted, most of these seedlings will die rapidBut if the rains
continue growth of the seedlings can be so fast rantual shading can
develop so quickly, that apparently seeds which l&vagerminate later
would have little chance to find a place. The n$khis rapid germination is
that many times the whole flush of seedlings wi#, dbut the seedbank is
large enough. Not all seeds of the seedbank withgete at the same time.
Usually there is variation between the seeds ofgpeeies in the hardiness
of the seed coat, which leads to variation in tlggrmination. The hard
seed coat of many leguminose seeds is slowly brokem, even in dry
soil, causing always a fraction of the seeds toebey for germination.
In the (semi) desert zone the seedbank is muchemmas most plants can
only produce a limited number of seeds here. Atgodompetition between
plants is much less than in the savanna zone. fnese facts we can see
that a more carefull strategy of waiting with gemation until enough water
has fallen to secure growth, is adaptive in theidesert.

Many insects and other invertebrates or lower beates (fishes,

amphibians (toads, frogs) and reptiles (snakessiv@ithe adverse season.

in a resting stage. This is calladstivation.
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A good example is the lungfidProtopterusof the Sudd and toic (fig. 3.7),
It which survives the dry season by burrowing ftéel the mud, making a
cocoon. When in water it breathes both from wayeitdgills, and from air
by its lungs. When in the mud it breathes fronbgifungs only.
Burrowed in the mud, the lungfish enters into atings stage with a.
minimum level of cell activity. If the stored reses are depleted it can
even it start to break down less essential parits dfody such as the tail. It
also changes its metabolism to adjust to the wsltertage, and because
excretion is impossible due to water-shortagepites excess nitrogenous
wastes as urea in stead of the ammonia it ususdiyetes (since ammonia is
poisonous to the cells and cannot therefore acatmuah the body)
Many snails from temporary waters have the abtlityuse either gills or
lungs for respiration and to burrow themselvestire clay in the dry
season. ManyProtozoaand unicellularAlgae have thick-walled resting
stages

Figure 3.8 Aestivation of a lungfisfprotoptems)At the end of the flood season the
fish buries itself in the mud, coming to the suefag breathe as long as there is
water left; it forms a cocoon in the mud, in whichurvives the dry season. (or.).

(cyst9 to survive periods of drying out. In insects testing stages are
called diapause and are determined internally by hormones. Likedse
dormancy, it requires outside stimuli of variousds to break it. Diapause
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can occur in all stages of the life-cycle, but isstncommon in the eggs and
pupal stages. It requires the whole life-cycle eéaldjusted to the seasons.
Many animals avoid adverse conditions througiigration to more
suitable habitats. Migration can be distinguisheamf the usual daily
movements of the animal within its environment leynig seasonal and on
a larger scale. The word migration is used to diescregular, seasonal
movements to and from breeding areas. It is fonndany birds, mammals
and fishes and in some insects as well. For thgelamammals of the
savanna-grass-plains migration is the only wayettuge food and water all
year round. Many birds that breed in Europe migrat&frica to escape the
cold winters. But they go back for breeding becanfsthe abundant food
supply of good quality there in spring and summEhe Nile is an
important migration route for them. When they ariin autumn they
slowly follow the south-ward shift of green vegetatfollowing the south-
ward movement of the rains. Most migratory birdergpthe winter, when
Sudan is dry, further to the South. On their retmigration in spring they
fly faster across Sudan and are less easily noticed
Many African birds migrate North- and Southwardsading to the
seasons as well. Conspicuous examples are the i@aBaie-eater and the
Kite. The Kite breeds on rocks or cliffs and is fioed to their
surroundings in the breeding season. Afterwardsslspread over a larger
area, including the floodplain.
Many fish migrate to special areas for spawning esproduction. The
fringes of the water are favoured habitats for,thiscause of the usual
abundance of food here.
As stated before, the rain forest has much lessoprced seasons than the
savanna and drier habitats, so there is far lesd fog migration.
The word migration is sometimes used in casegnfptions' of species like
Desert locusts which can increase to such numitersthey spoil their
environment completely and have to migrate to atlegdadverse conditions
created by themselves in this case. But in thesergancy migrations the
chances for survival or reproduction of the migsaate usually low. Often
only the few locusts which remain in the outbreakaacan reproduce
successfully.
Several organisms avoid adverse conditions by lgadlifferent stages in
the life cycle indifferent habitats.
Several insects such as mosquitoes, hooverflieglaagbnflies live during
their larval-stage in the water and fly in the mirthe adult-stage. The
larvae (see figure 2.6) benefit from the abundaideod in the temporary
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waters, while the adult can move freely to find nawitable habitats, and
guite often they can survive the dry season. Ih sases larvae and adults
require completely different adaptions for respiat feeding, etc.
A problem with all the adaptions for avoiding th#varse season is that of
timing, of how to adjust the daily rhythm or lifeyde to avoid the
unfavourable conditions. Different indicators camused, such as changes
in daylength, temperature or watersupply. Many pigas also have an
internal 'biological clock' which governs the rhyttand only needs external
indicators for adjustment of the clock from timetime. For many plants
daylight is very critical in determining the onsef flowering. Dura
(Sorghum)varieties from Egypt may not flower at all in theughern Sudan
because they wait for long days which never occur.
Sometimes organisms are misled. A small amounhekpected rain in the
dry season may trigger germination of seeds or tirmf/geophytesfrom
their underground reserves, while there is not ghauater to complete the
lifecycle. This can be very detrimental, not onty the plants, as they
exhaust resources without replenishing them, bad &r the animals and
human beings that depend on these plants. Dormamtydiapause can be
seen as adaptions to avoid this sort of situatomnable the organisms to
wait until the favourable conditions really staBut this is difficult for a
small seed or resting insect somewhere in thecdihow, and mistakes are
unavoidable.
As mentioned before the seeds of one species ystalw variation in their time
of germination. Depletion of the seedbank is offgevented by the fact that
germinating seeds produce substances which stogr gleds from starting to
germinate. Usually the seeds of one species aeadpover various soil layers.
This also contributes to a spreaded germination.
The rainy season is for most plants the best tionegfowing, but it is not a very
favourable time for flowering and for pollinatioklany savanna trees flower in the
dry season, often about one month before the gitdine rains. In this way both the
flowering and the seed forming stage which requinesh photosynthesis, occur in
a suitable season (before and after the starteofdims, respectively). Several trees
delay ripening off of their fruits till the start the next dry season.
Acacia albida(Haraz, (a.)) is an exceptional tree of the Sahdl @udan savanna,
as it sheds its leaves at the start of the raidsveaits for the dry season to form
new leaves, to flower and to produce its orangel gets. The deep root system,
reaching groundwater supplies, can explain thisbelr.

3.4 Defence against attack

The first two sections dealing with examples ofitas were for abiotic
factors; we shall now consider some examples optamtes for a biotic
factor. Animals depend on plants or other animalstheir food so all
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plants and most animals are always liable to beneaTherefore all
organisms need adaptions for defence. Animals ggilants are called
herbivores, and animals attacking other animpledator. If they mainly
eat other animals they are calledrnivores, if they eat plants as well
omnivores

These adaptations can be of various kind accondirige different steps in
attack: before a predator attacks, it has to nakiegootential prey, it has to
recognise it as edible, then it will start to apgmio, before it finally attacks.
For each of these steps adaptations for defense exi

First of all, the prey will try to remain unnoticely having a colouration
similar to the environment. This is known as canemd (see fig. 3.9).
Camouflage is a strategy used by many animalsCtieneleon being the
classical example; but stick-insects, stick-likéterapillars, leaflike grass-
hoppers and praying mantids and brown-spotted narth®qually good at
it. Many fish are dark above and light underneathjch makes them
invisible in the water in light coming from the tofven a seemingly
conspicuously coloured animal like the zebra magverto have some
camouflage, as it is difficult to see from a distarn the tall grass savanna
full of vertical lines. In later stages of an akdbe colouration of the zebra
is helpful too because it is very difficult to siagout one individual
between all these moving lines (each individual ¢sn said to have
camouflage between the others).

Not all predators move about actively in searchrefy. Some have a good
camouflage themselves and just wait to trap the.dexamples are the
larva of the antlion that catches ants and terniitéss sand-traps (figure
2.4), spiders with webs and praying mantids. Irs¢heases, the prey will
have to try to notice these predators as earlyasilple to avoid them.

The second step in the attack is that the predesro recognize the prey
as edible, and this is related to its learning fran@vious experiences with
similar preys. Animals that are protected by a ywaaste or smell or by a
poison or sting will be avoided by predators aéterunpleasant experience
with them. These animals usually have a conspicgolmuration to make
it easy for the predator to recognize them andcléaavoid them. But once
the predators have learned to avoid animals with swlours, they can be
mislead by other organisms without proper defeneging the same
colouration to protect themselves. This is callédhicry. Examples can be
found in many insects such as butterflies resemblither poisonous
butterflies or wasps (fig. 3.9).
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Figure 3.9 Examples of camouflages:

1. leaf like grasshopper. branch-like caterpillar,3. moth with the colour of the
bark on which it rests,4. chameleon, changing colour according to the
environmentsb. counter shading of fish: a. shows the fish whem seauniform
light, b. when seen in light from above, as is rarim water, 6. mimicry of
butterflies: a. the unpalatable African Monarch taufly; b. palatable butterfly,
belonging to a different family, a mimic of the Meoch. (5 and 6 redrawn from
Ewer and Hall1978, 1-4or.).
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Once the predator starts approaching its preyptég can try to escape by
flight or by hiding itself. Before it comes to atiaxk many organisms will
try to threaten the enemy by frightening it: a ®mag colouration’,
suddenly showing bright colours as butterflies ploffing up to increase
size as seen in the fidietradonor pretending to be a larger size, as cats do
by walking sideways, are examples of this.

When an attack is made, there are still many tgbeefence possible both

mechanical and chemical (fig. 3.10):

a. horns and thorns; sharp stiff Structures makindjfficult to touch the
organism are common in both plants and animalsqthiés (modified
hairs) of hedgehogs and porcupines, the spineleofish Synodontis,
and the horns of the buffalo are animal examples.

In plants there is a large range of similar strreguderived from different

plant parts:

1.thorns, modified branches in the axis of leaves$n &cacia'sand Lemons,

2.spines, modified leaves or parts of leaves as énRmeapple, Sisal and
Datepalm,

3.prickles, derived from surface cells as in the $dkton tree,

4.bristles, modified hairs which are stiff and shasgnEuphorbia,

5.needles of silica or calcium, deposited on theasigrfas certain fruits have
andImperata(speargrass).

b. armour or hard covers which predators or herbivazeenot bite
through: the armour-plates of the pangolin, thedhahell of the
tortoise, the scales covering crocodiles and naitlgs the exoskeleton
of snails and insects and the hard cover of mamysfiand seeds, all
function in the same way. In many edible fruits #eeds have a hard
cover to protect them when passing through an dsiimgestines (e.qg.
dates, mangoes (when eaten by elephants))

Figure 3.10 Defence structures.

A. Horns and thornsi. porcupine quills,2. buffalo horns,3. thorns of Ziziphus
(Sidr, Nbak, A.)4. spines of sisal5. prickles of Silk Cotton treej. bristles of
Euphorbia candelabrum;Bwnnour: 7. pangolin,8. tortoise,9. snail, 10. beetle] 1.

hard fruit wall of MahoganyKhaya), 12 Hard fruit of Sausage tregKigelia), 13.

hard seed coain soft fruit of Date;C. Poisons:14. scorpion with sting15. ant

with biting mouthparts16. snake with poison teeth (fang4). Fleurya ovalifolia
(common in forest clearings), with stinging, hait8. Calotropis proceréUsher,

A.) with poisonous milky juice. (or.).
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c. arms. Stinging and biting as more active defenclousid in. many
animals and some plants. Plants can have stickis laiich often
contain irritating fluids or just stick to the tbebr tongue of the
herbivore. Some plants have stinging hairs whighcinpoisons into
the animal. In animals there is wide range of gtifrgm bees, wasps,
scorpions and centipedes to certain fish, bitingg,asnakes and biting
fish (Tetradon).

d. The previous case was a transition from mechanicathemical
defence. Chemical defence can consist of poisofgsbia nasty taste
or smell which animals learn to avoid. Many plaottain latex, a
milky juice which flows out when the stem or leaae cut and which
often irritates or even poisons (e.g. varidesphorbia species and
Calotropis procergUsher, A.).

Resin is produced by other plants and has a simeitf@ct. Other plants
contain alkaloids which may be very poisonous. M&eybal medicines
contain alkaloids which have a strong physiologietiect. Morphine in
Opium, Nicotine in Tobacco, Coffeine in Coffee, Qe in the bark of the
tree Cinchona, various types of arrow poisons derived from plart,
belong to this group. Pyrethrin is another typg@lahts poison which can be
extracted from the plarRyrethrnm,for use as insecticide. Many animals
contain poisons as well, such as the butterfligh®imimicry- example.

An interesting defence problem is confronting pdarDften dispersal of
seeds depends on animals attracted to the fruasf@sd source. But before
the seeds are ripe and protected from digestiogy #Hre an attractive,
nutrient rich food for many herbivores already. latare fruits often have
some form of chemical defence, such as resinseosdime alkaloids found
in leaves. Ripening of the fruits is accompaniedabghange from toxic to
edible.

Another aspect of defence is that the individuélhe same plant species in
a tropical rain forest usually are far apart. Tiiakes them difficult to find
to those herbivores which have special adaptation®vercome their
specific defence mechanism.

3.5 The origin of adaptations

So far, we have just described adaptations as swahout asking

questions about how these, adaptations come abdet.saw that the
structure, behaviour and life-cycle of every orgamiis not a haphazard,
random thing, but that it can nearly always berprieted as function under
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given environmental conditions. In fact the origintheseadaptation can
be of various kind. Some adaptations ateysiological, that means they
can change directly according to the situation.sByave to adapt to light
after coming from darkness and vice-versa. SinyiJaHe colour-change of
the Chameleon is a physiological process governgdcdntracting or
expanding coloured pigment cells in its skin, whian be reversed. The
opening and closing of stomata in plants is anotegample of
physiological adaptation to current conditions. fEhare two other types of
adaptations, which are of a more permanent charamt@ occurs during
the lifespan of the individual, the other occur®nfr generation to
generation. The environmental conditions during ltfeeof an organism,
especially when it is young, can have a lastinarfce on the shape of the
organism and its behaviour. Examples are manifelizes of a tree formed
in the sun usually are thicker and more xerophytan leaves of the same
tree formed in the shade. Such a difference iglgléanctional. The same
applies to the growth form of the tree: when grayin an open habitat
with much wind the tree will have a compact and fowm; the same tree
would have developed a loose, elongated shape giosving in the shade
between other trees. We can say that the form shtasticity, that means
that it can be modified. A clear example can also found in the
waterhyacinth (figure 3.11): plants growing in opsater develop rather
small leaves, with swollen petioles containingaiambers; the same plant
would have developed large leaves on long, straigtibles when growing
in dense vegetation near the shore. Examples sfigtst can also be found
for animals, although their form is generally mdiged. Larvae of
dragonflies live in water where they rely on caniagé to catch prey;
when the larvae grow up in muddy water their skifl e dark when
growing up in clear water on sandy bottom they dllight colored.

In all these cases the change comes about duringiféhof the organism
and does not affect its offspring. When we cutegithf the two mentioned
forms of the waterhyacinth into two parts and allinem to grow in both
environments we will always get the ‘water formyeleping in open water
and the 'shore form' developing in shore vegetation

In other cases the difference between organismsatisleast partly,
transmitted to its offspring. We can say mat tteeecertairgeneticfactors
influencing form, physiology and behaviour whicle grassed on from one
generation to the next. You will probably be faanilivith this idea if you
consider human examples of the similarity betwesmemts and children.
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The genetic factors themselves are supposed no¢ tofluenced by the
environment directly. But the environment does payimportant role: it
determines which growth forms will be able to refuee and hence pass its
genetic factors on to the next generations andwhies will not. Because
of this selection, a gradual and continual chamgié genetic factors that
influence the life form and behaviour of an orgemis possible in the
course of many generations. This process is caledution or genetic
adaptation.

Three steps are essential for the process of gesdiptation to occur:

1. All organisms produce more offspring than will suev (for example,
consider the number of seeds of a plant). On tkeeage from each pair
of parents only two of all the young or seeds poeduwill survive to
maturity. So, there is a 'struggle for live' in gvaew generation.

2. All these young or seeds are not the same; theygemetically, having
different genetic factors.

The genetic variation will increase by the proceds mutation,
responsible for random Changes in the genetic ifectSee biology
text-books for more details.

3. Some genetic factors will lead to organisms whihlzetter adapted to
the current conditions than others, so these tesditvive, while others
die (‘survival of the fittest). We can speak oflesdon by the
environment to describe this, as the question wharetic factor leads
to the fittest organisms, very much depends orethvironment.

It is important to realise that evolution is nostsomething of the distant

past, but something that it is still going on,albund you. Examples of this

can be seen if new factors are brought into theremment, like the,
insecticide DDT which is poisonous to all life faanDDT is used to kill

insects such as mosquitoes and when it was dised\rring World War II

it proved to be very effective and killed almodtrabsquitoes. Almost all,

for just by chance some mosquitos proved to be $esseptible to the
poison.

They had some form of resistance, and this suddaolyed a very valuable

adaptation for them. They survived the spraying magn, while all others

were killed, so suddenly they got much more chdoceeproduction. At
least a proportion of their off-spring inheritece thesistance against DDT.

So after DDT had been used for several years, nadirthe mosquitoes

proved to be resistant and after an initial succéiss programmes to

eradicate the Malaria-mosquitoes proved to belaréai

Not only had their been no success, the situatexh lliecome even worse

than before spraying started, because many of dhe&ral enemies such as

birds, bats and lizards had also been killed byDBE . It takes a longer
time for sum organisms to develop resistance thdidifor the mosquitoes.

Evolution tends to be faster for smaller organisinas for large ones,
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Figure 3.11 Experiment to show the plasticity ofwvater hyacinth plant. For

explanation see text (or.).
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because of a shorter life-cycle, a generally highenber of offspring per
generation and a larger number of organisms inasee; so there is more
chance of a suitable adaptation being presentbjushance.

In micro-organisms evolution can be even fasten ihansects and the rate
at whim they can develop resistance against netibiatics' is a serious
concern for medical people.

The three types of adaptations (physiological, tidaand genetic) are
answers to three types of changes in the envirohrfrem temporary to
permanent.

Of course no environment is constant and as longhaschanges are
reversible, the adaptations should be reversiblevedls The physiological
adaptations are reversible; the plastic respongedsertain extent. Genetic
adaptations are answers to permanent changes ienttisonment, which
exceed the flexibility of the organism and its picity.

The process of genetic adaptation is the main fomctof sexual
reproduction as compared to asexual or vegetagippduction. Vegetative
reproduction just reproduces new individuals withe tsame genetic
constitution. It is very common in plants and lowamimals and it is
efficient in that it reproduces plants or animaldhich have proven
themselves already in the particular environmentt 8 the environment
changes, new genetic factors have to be presedt fanmat purpose
genetic variation has to be maintained in the gzeas mum as possible and
new combinations of characteristics have to beltoet continuously. This
is done by sexual reproduction, in which the offspris never completely
equal to the parents, but always a new mixtureeasfetjc factors of both
parents.

Similar to the'natural selection' as described here, we can speak of
‘artificial selection' as a means of improving the genetic factors ghsar
domesticated animals. It follows the same stepsasral selection, but
human decisions become important in determining'fimess’ of the off-
spring. All crops and domesticated animals origifabm nature and often
their natural relatives can still provide valualglenetical material for the
improvement by breeding of the cultivated varieties

It is ultimately this process of evolution whictstiinguishes the living from
the non-living world and which makes biology a difnt type of science
from chemistry or physics: we are not only inteedsh cause and effect but
also in function and 'aim'. A certain loosenesdamiguage when talking
about aims, purposes or strategies in organisnasdsptable as long as it
can be translated in terms of fitness and selection
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3.6 Suggested practicals

1.

74

Collect five plants from different micro-habitatseg exercise, chapter
2) and compare their structure. Can you identifapagtions to the
limiting factors of each micro-habitat?

Classify the plants of a certain habitat accordingthe-way they
survive the adverse season (dry or flood sease®) figure 3.5). Can
you understand why certain lifeforms predominatel amhers are
absent?

Search for animals like insects, spiders or birdslifferent (micro-)-
habitats. Can you identify structural adaptatiomshieir mode of life?
Can you see both costs and benefits for each daayita

Describe examples of camouflage in your surroursling

Keep record of the presence of birds, insects amdénmals through-
out the year. Can you understand their seasoradigdaptations to the
environment?

Make a study of defense mechanisms of plants aidats in your
surroundings

We can simulate the process of adaptation, by stgdje way
in which selection for camouflage works. On a codolupiece of
cloth, we can spread out items of different cold@grsall pieces
of coloured paper or coloured beads or beans). ldnered of
these are spread out randomly on the cloth anceddfor' has to
collect them as quickly as possible. The remainamgs all
multiply by a factor ten and the process is rekatéhich colour
survives?



4. Relations

4.1 Relations through changing the environment

In this chapter we shall consider the differentetyf relations possible
between two organisms.
The simplest type of relation is one of the mogbdnant: every organism
depends on its environment, but at the same timehdnges the
environment. If a plant starts to grow in bare,sowvill provide shade and
moist air, it will reduce both the heat in the dang and the cooling down
at night, its litter will decay to form humus inettsoil and this will change
the surface structure of the soil and hence thératfon of water into the
soil; the plant will also use water and mineralsirthe soil reducing the
amounts available to other plants. So the firshipgrowing on bare soil
changes the environment and this will make therenment either more or
less suitable for other plants as well as for fitddore specific examples
where one plant provides a suitable microhabitatottver plants can be
found in theepiphytes plants growing on the stem, branches or leaves of
otiler plants. Epiphytes (fig. 4.1) are commonhia tnoister forest types,
as they depend on a continuous rainfall or on tlesgmnce of mist. In the
savanna prickly shrubs often protect grasses anoshgrowing in their
shelter from grazing animals.
Another example of plant-induced changes of theirenment in the
savanna is the fact that grasses form the fuehdtural or manmade fire,
thus making it very difficult for less fire-resisitaplants to invade the area.
In areas with tall grass with sharp edges and gtreimd, establishment
may be very difficult for other plants by physicmage to their leaves.
Some plants produce toxic chemicals in the soilctvhprevent other
plants from germinating or growing. This is knows alelopathy. An
example of this is the Speargrgiaperata)which is an obnoxious weed
in the Greenbelt. Another example was mentionedségtion 3.3:
germinating seeds often slow down or stop the geatidn of other seeds

Figure 4.1 Examples of epiphytes: 1. Lichens: a) thread-lieading from small
branches, b) leaf-like growing on a tree trunkcn)stose forms pioneering on tree
trunks, 2. Algae and crustose lichens growing on a leaf ofamforest tree,3.
Primitive type of fern(Lycopodium),hanging from tree branch in rain forest,
Fern (platycerium), 5Herb (Peperomia), 60rchid (Acrangis), 7.Strangling fig.,
establishing it self on a trunk of a palm tree (agnding roots to the soil and
surrounding the tree trunk (b) and finally overgiiaog the palm. (or.).
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Animals change the abiotic factors as well, forregke when they trample
the soil down in tracks or compact it. Elephantd hoffaloes often create
mud-wallows, which then can be used by other arsrsach as hippo's.
Termites and earthworms (figure 2.5 and 4.6) chahgesoil structure
considerably and termites are also important bgterg mounds in which
plants can germinate and grow, which cannot growhersurrounding soil
because of flooding or fire. Of course many anintlge a marked effect
on the vegetation as well, either creating a slétanvironment for other
animals or plants or spoiling it (figure 4.4). hretcase of man, these effects
are even more pronounced: Man changes the structuhe vegetation in
large areas, changes the waterbalance of completesystems, destroys
many natural habitats and creates new ones, frommhwdome organisms
benefit but most others do not.

4.2 Consumption

4.2.A. Strategies

All animals depend on other organisms for theirdfasp consumption is an
important type of relatiorHerbivores eat plantsgarnivores or predators
eat other animalggymnivores eat both types of food. So consumption is a
relationship between herbivores and vegetationetwéden predators and
their prey.

First of all, we can describe these relations rmgeof attack and defence-
strategies, as we did in section 3.4. The predaiees searching strategies,
to find their prey and attack it before the prey escape or defend itself.
The prey has to try to notice the predator as eslgossible. The structural
defence-mechanisms discussed before, are all delat¢the behaviour of
the predator. The sense-organs of predator andhaney to fulfil different
requirements: the predator has to search, so dtsn@e eyes close together
to estimate distances while the prey needs to se#ajprs approaching
from all sides so it has eyes on the side of tlal{eompare a lion with a
cow or antelope (figure 4.2)). Camouflage is anadngnt defence against
visually-oriented predators, but it only functionis the animals live
dispersed and move as little as possible. Preynage often keep quiet if
they see a predator approaching, relying on carageflntil the predator
comes too near, within the 'escape distance’, vihey run or fly away.
More active defences are found in animals livingaingroup such as
buffaloes, closing their ranks facing the predatbigng in a group has the
advantage of providing more chances of noticingpiteglator by a system
of warning signals in the group.
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Figure 4.2 Eye position and viewing
angle of a typical herbivore (prey)
and carnivore (predator), as seen
from above. (or.).

Interesting mixtures of the predator and prey styigis are found in animals
like lizards which have to catch prey (insects) ahdhe same time avoid
being eaten by kites and other predator-birds. &yes of the lizard are on
the side of its head, so it has to shake its heastimate distances. Lizards
sit still most of the time to get maximum benefibrh their camouflage,
both to a void predation and to wait for insectdand close by. If that
happens they will slowly approach and then suddamyforward and catch
the insect with their long tongue.

Passive predators usually will catch less preys tinare active ones, but
they also spend less energy to get them, so thewftard to get less food
(compare a cheetah with a snake or praying mantid).

The defence strategies of the prey always haveeteelated to the attack
strategy of the predator. This has been calledesaldtionary game of
chess' between the predator and the prey, eaalgttgi overcome each
others new tricks. Bats produce sounds which arénigh for us to hear and
listen to the reflections of the sound to find theay when they fly at night,
and also to find prey insects. Moths and otherdtssflying at night usually
are covered by wooly hairs which distort theseerfbns (they absorb them
in stead of reflecting, you might call this 'souremouflage’. Another
unusual sense organ is used by fishes from muddgrwehich orientate
themselves through electric signals. Several tgdish can produce weak
electric fields which are sufficient for recognigimny object in the water
including prey. Some fish such #&#alapterusin the Nile use stronger
electrical currents both for attack and defenceéhe®ffishes are able to
detect electrical fields without producing any thsewes. Thus they are
able to avoid such predatory fishes. Many insesiala, such as caterpillars
are attacked by certain (parasitoid) wasps whightleeir eggs inside the
larvae (figure 4.3). These wasps find the prey tmgling with their long
antennae and confirm that it is suitable by tougtthre potential prey with
their antennae before laying their eggs insideeAfhying their eggs they
mark the larva with a special scent so that otlaeagitoids will avoid this



Figure 4.3 Parasitoid wasp laying an
egg inside a caterpillar. (or.).

larva. If more then one egg would develop in thetsidbody, none of them
would have enough food to survive. The defenceheflarva consists of
wriggling its body when it is touched and by thdligb (sometimes) to
encapsulate the egg in their body. Despite of ttésparasitoids often are
effective, and they are important in the biologicahtrol of insect pests.
A rather unusual type of consumption is formed hgett-eating plants,
such as the bladderwdtdtricularia, figure 2.6) from the Sudd which traps
and digests waterfleas and similar animals in lexdders. The prey is
mainly useful to the plants as an extra sourceiwbgen, enabling the
plants to live in environments where nitrogen ishort supply.

4.2.B. The number of predaton and prey

If a predator eats prey, it will survive and it Mikave the chance to produce

offspring. Meanwhile the number of prey is reduddsdually some form of

balance is reached, in which the number of predasosuch that it will not

kill all the prey. If it did so, it would very soadie from hunger itself. But

this balance is continuously changing.
If the prey increases in numbers, the predatorespond in two ways: by a
'functional response' and by a'numerical response: The functional
response means that the predators will start eatioge of the prey, after
they had a good experience with them and conselgulerstrns to search
them. This can be a quick reaction, but it is leditbecause the predators
can get saturated. The numerical response meahghiagpredator will
increase its numbers in case of an abundance af foat of course this
takes time. Both responses are quite relevant wweertonsider predators
which are helpful to man as natural enemies of pregis.
Rapid reproduction may be the best defence strdtagsnicroscopic prey
such asProtozoa.Other prey makes use of the saturation of preddiprs
appearing in large numbers all at the same time;ef@ample animals
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migrating in herds or termites flying all at thersanight. All predators will

eat till saturation, but after that all the othegyorganisms are safe.
Generally, the amount of food is very important determining the
numbers in which organisms can occur. In this kges can speak of the
‘carrying capacity’ as the maximum number which can be sustained by
the environment. The numbers of the prey deterrttirecarrying capacity
for predators and as such determine their numb®rdy in certain
situations does the number of predators reallytltme abundance of the

prey.

4.2.C. Grazing
Grazing is similar to predation, but usually plaate not completely killed
as preys are. Rather, only parts are removed amdptrt removed
determines whether grazing really damages the planot. It makes much
difference whether in grazing the growth pointshef plant are removed or
not. Grazing can even be beneficial to the planolif parts hindering
growth are removed. As we saw in figure 3.7 theitjwss of the growth
point is different for different groups of planta. grasses the growth point
is particularly well protected, so grasses sungvazing much better than
other herbs or tree-saplings. When the grazingspresis not too high, the
grass may even benefit from the fact that thesergitants are removed. If
there are too many herbivores the vegetation cacthbeged considerably:
only a few spiny, thorny shrubs and some hard graase left. When this
occurs the soil loses its protective cover, andierocan take place.
Usually herbivores are divided intgrazers (eating grasses and other
herbs) androwsers (eating shrubs and trees). Often browsers aretselec
by choosing the best parts of the plant, while mgrazers eat a mixture of
plants. Cows and sheep are mainly grazers, whidsgand camels are
mainly browsers, but of course this division is sioarp.
A nice illustration of the fact that some organispase the way for others
can be seen in the 'grazing sequence' of naturbiMoees of the savanna.
(fig. 4.4). A tall, mature stand of grass is noitale for most herbivores:
the grass may be old and tough, difficult to mobew in and dangerous
too, because predators can hide anywhere. Only yhdeeders like
elephants and buffaloes tramp into the chest-higisggto take what they
need. In the trampled grass some regrowth of yofing,grass will occur
and the area will become suitable for zebras. Zelefine the structure of
the pasture even further and make it suitablelferhiartebeest arid gazelles.
These selectively nip off the leafy parts of thasges or pluck the herbs left
by the other grazers. Grazing birds such as Egypfeese may come into
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Figure 4.4 Grazing sequence in a savanna: Elephant, buffadbra, hartebeest,
Mongallagaze, Egyptiangoose. For explanation sge fer.).

the shortest swards, while termites and other@gidnisms clean up the
animals waste's and take care of all the falles bit leaves and 'left
overs'. Some unusual ways in which animals usetplas their food will
conclude this section. Aphids are very common sinakcts which can
really harm plants by boring their sharp mouthp#nteugh the stem of
the plant, into the phloem-tissue, to suck outwbrey sweet sap. Because
of all the sugars in this sap, energy is no probienthem, but they have
to consume large amounts of sap to obtain enougteipr They produce
wastes full of sugar, and other animals such as aoie to use this.
Certain aphids such as the 'white fly' are verygeéaous pests of
agricultural crops, because they can transmit uiissases from one plant
to another (see section 4.3.A). Another harmfuetgpconsumption takes
place underground, where the plant roots are athdky many soil
organisms. Eelworm@Nematodesare very common and they eat the soft
outer tissues of the roots.

4.2.D. Scavengers and saprobes

Not all animals eat live plants or animals. Oneugrtives on the remains
of prey killed by predators or on animals died fedse, drought or other
causes: thecavengersAnother, important group, tteaprobeslive on all
kinds of dead organic matter: dead leaves, sterdsramts of plants or
animal wastes.

Well-known scavengers are the vulture and the noaratork (figure 4.5)
which both spend much of their time circling anéraag high in the air,
looking for dead or dying animals. When they noticearcass they will
come down to feed on it -if they get a chance. &dw# the large mammal
predators will try their luck on such food as walhd, they will chase away
the birds. Hyaena's, lions, jackals and huntingsdegll all take the
opportunity to feed on dead bodies if they cars #aves them the energy
required for hunting actively. Their feeding stgtes sometimes called
opportunistic.
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It has long been thought that hyaena's are pucalyengers, while lions are
purely predators. In fact the situation is moreelithe reverse of this:

hyaena's hunt actively, mainly at night and they @ften chased away by
lions after killing. The hyaena's will then waitoand untill the lions have

filled their stomachs. It is only after the hyaehase taken their share, that
the vultures get a chance. Few predators get acehenfeed more than

once on an animal they have killed. The leopardroftides dead antelopes
in a tree, where vultures and other scavengersotamach it. Hyaena's

sometimes store a carcass in shallow water, wher gcavengers cannot
smell it.

The term saprobes is mostly used for comparatisegll organisms in the
soil, living just as the scavengers from almost &pe of dead organic
material they can find. Many of the soil organisshewn in figure 2.4 are
saprobes: earthworms, millipedes, woodlice, slulys)g beetles, bristle-
tails and spring tail¢Collembola).A very important group of saprobes is
formed by the termites (figure 4.5).

Termites are social insects which live in largeoo@s, inhabiting nests
which have a typical shape for each species ofitesmThe majoriry of

termites, 'soldiers' and the 'workers' are not alyactive; only the ‘queen’
and the 'king' are responsible for reproductioterathe first rains winged
adult termites fly at night, mate and then try stablish new nests. Inside
the nests termites can maintain a microclimatehefrtown, with a high

humidity and a relatively constant temperature. niies live on dead

woods, dead leaves etc. which they carry to thegtsafrom considerable
distances, mostly at night.

Figure 4.5Scavengers: Lion, hyaena, vulture and marabou k.
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Figure 4.6 Decomposers, A. Dungbeet{&heper) making a hall. of dung to
transport it to a hole in the ground as food far éggs when they hatch. B, Termite
mound(Macrotermesyvith a detail of the queens chamber (from varicusgrees).

Most of these animals, and the same holds for mediivores, can make
use of the cell contents of the plant material, dannot breakdown cell
wall material (especially of woody parts). Breakdowf this material is
almost a monopoly of fungi and bacteria.
Fungi and bacteria are a group somewhere in betvpdmms and the
animals. Some fungi are known by the mushrooms foey for their
reproduction, Bacteria can only be seen througliceoscope.
Most fungi and bacteria can only live in humid eomiments. Several
groups of bacteria specifically occur inside thé ggstem of herbivores (as
well as omnivores, including man). Both parties dfénfrom this
association.
In the soil many fungi and bacteria are active. Tdrge saprobes living in
the soil chew up dead plant material and in thig thay give more chance to
fungi and bacteria to digest the cell wall mater@imilar to the grazing
sequence, there often is a sort of saprobe sequémeelarger saprobic
animals make the material more accessible to thallamones (including
springtails and mites) and to fungi and bacterme figgure 5.2).
Fungi and bacteria are often eaten by animals. Magpens to many gut
bacteria (although always some will survive); fuagé consumed by many
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soil organisms. Two special relations can be maptioin termite mounds of
several species 'fungus gardens' are maintainewhich fungi grow on dead
wood collected by thc termites, until the time ttag 'harvested' and eaten
by thc termites; certain wood boring beetles live fangi which grow in
channels formed in wood by the beetle. In both £dlse fungus depends on
the insect, as this species does not occur onwts; ¢he insect clearly
benefits from the fungi.

In many cases fungi live from dead wood, as wehltsacking living parts of
the tree. In this case they form a gradual traomsitd a parasitic mode of life.
In water several insect larvae are active as sagtahg. larvae of the midge
and hooverfly, shown in figure 2.6. Several watails feed on dead fish etc.

4.3. Parasitism

Parasitism is a relationship between two organisms in whicle,cine
parasite, exploits the other, the host, to obtaodf without directly killing
the host. Sometimes the distinction between coniampand parasitism is
not very sharp. Usually predators kill their preympletely, while parasites
only use part of their host's tissues. But the seaamebe said about grazing
animals. Usually predators are larger than thedtypwhile parasites are
usually smaller than their host.

\ I

Figure 4.7 Witch weed (Striga
hermonthica), Buda (A.), Loreng (B.))
parasitic on/he roots oSorghum (Dura,
A.). (or.).
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4.3.A. Plant parasites
Although parasitism is more common among animaks,can start with
some plant examples. Most plants are independegain@ms, which can
get all the resources they need direct from thetiahénvironment.
Sometimes plants are calleditotrophic because of this ability to ‘feed
themselves', as opposedigterotrophic organisms that depend on others.
Some plants have learned to use the resourceshef ptants becoming
parasites and losing their independence. Someiparaants have lost the
ability to use light in photosynthesi€robanche (broomrape) is an
example which is fairly common in N. Sudan on lesnéind broad beans);
more often parasitic plants rely on the root syst#nthe host plant for
getting water and minerals, but still have theiloobphyll to at least partly
provide their own energy requirement. Two such tpfaErasites which are
very common in the Sudan &s¢riga (Witchweed (E.) or Buda (A.)) which
is a parasite on the roots of Dy®orghum),and Loranthusspec., which
parasitizes many trees. See fig. 4.7 and fig. Bt seeds of witchweed
can remain dormant in the soil for over ten yeassting for a dura-root to
attach to.
Many ‘plant diseases' are caused by parasitic fangiruses feeding on
plant tissues. Common examples include: the Caskmfamosaic virus
(figure 4.9), rosette virus in groundnuts, varieuking diseases of tomato
and leafblight in Dura(Sorghum).If we consider fungi and viruses as
plants, it is a plant-plant relation, but quiteesftanimals are involved as
well: insects such as white-flies which suck samfrplants, can transfer
viruses from one plant to another; insects or egtvwdNematodesin the
soil eating root-tissue can create openings fogifan viruses to enter the
root and from there spread into the whole plant.

Figure 4.8 LoranthugAbu hamada (A.),
Anaba, (A.), Nyogadok (D.)) parasitising
a Ziziphustree (with thorns).

The parasite keeps green leaves during
the dry season and can be easily seen
then; its flowers are orange or pink
tubes; the sticky seeds are transferred by
birds to other trees.




Figure 4.9 Examples of plant diseases caused by a parasitics \ar fungus: A. Mosaic-
virus on cassava, B. leaf-spot-fungus on groundvarious sources).

4.3.B. Animal parasites

Among animals, parasitic relations are common. mbst partner in the,
relationship provides the parasite in many respeits a very favourable
environment. The parasite needs special adaptationsake use of these
advantages and to withstand the hazards associdthdthis particular
mode of life. A rather special type of parasitistordod parasitism’) is
found among birds: coucals and cuckoos do not Dbtidir nests
themselves, but the female lays her eggs in this mésmaller songbirds.
The songbird will brood the eggs, which usuallychatnore quickly than
the host's eggs. The songbird will feed the youmgcal while it grows up
to a much larger size than the host bird (fig. 1.18 most other cases
parasites are smaller than their host.

Parasites often show a simplified body form comgangth their free-
living relatives, since the host performs some @ vital functions for
them. Tapeworms, for example, lack a gut, sincg thieabit the host's gut,
which is rich in ready-digested food, which theeaprm can directly,
absorb through its body surface. Similarly, sin@apites rely on their
hosts for moving around, they generally lack loctomporgans (e.g. fluke
or tapeworm). Insect parasites such as lice ar flghich are attached to
the outside of their host may have greatly redweimgis and antennae, but
may retain powerful legs for jumping. Parasitesntivon the skin of their
host still have to deal with the abiotic factordlué host's environment. For
the larger group of parasites which live inside thest's body, the
environment merely consists of the 'milieu interied the host.
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Figure 4. 10 Robinchat feeding a

young redbreasted cuckoo which has

reached several times the size of its
E ‘parent’. (or.).

Favourable aspects for the parasite in having t&t Bs its environment
include:

1.

2.

A constant and unlimited food supply, which is pigested in the case
parasites living in the gut or body tissue;

A favourable temperature and humidity, inside thestls body,

particularly if they parasitisthomoiotherms. The relatively constant
environment inside a homoiotherm allows continuegg production of

the parasite independent of fluctuations of extiemmmditions. This is

important for the survival of the species, as Iphdo compensate for the
high mortality rate in the risky sky stage when paasite passes from
one host to the next

The chance to use the host as a means of dispdr#al eggs or other
infective stages and so increase the likelihooch@# hosts becoming
infected. The host carries the parasite everywla@® in the case of
parasites of migratory birds and mammals, this esen lead to

distribution of the parasite from one continentatwother. Outbreaks of
malaria in malaria-free areas are quite common,tdusalarial parasites
being carried passively by air travellers to sudaa. Another example is
the Cholera parasite which often is carried by peaver considerable
distances.

Problems for the parasite arising from the pa@sitbde of life include:

1.

The difficulty of finding a suitable host in whide become adult and
sexually mature (the definitive host), and of estggdrom this host and

locating and entering another definitive host oé tsame species, a
process known as ‘transmission’. Escape from tfieitidlee host, the first

hurdle of transmission, is important to permit @isgal of the infective

stages and so ensure continued infection of newshdtsalso helps to

prevent overcrowding of parasites in the host, |datm occur if the

enormous numbers of eggs laid by the adults werto alevelop inside

the same individual host. Without this safety devan the part of the
parasites, the host would die quickly and the pessvould not survive

for a long time either.
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2. Finding a mate for sexual reproduction, necessaryeffective genetic
adaptation to adverse changes in the external@mmient.

3. Finding ways of overcoming the host's defence meish@s and the
physical hazards encountered within the host.
We shall now discuss these problems and their Ededcadaptations in
some detail

Parasites living outside their host have few pnaislein finding and
escaping from hosts. For example a tick, a bloddagc parasite of
mammals, has the following life cyle. The femaleksua lot of blood from
the host, falls from the host's body to the groand seeks a sheltered place
(such as crevices or walls or under stones) andalaper eggs (up to
18.000 in some species) in one batch, and then tieder favourable
conditions the eggs will hatch into larvae. Thevdar climb on to grass and
shrubs, waiting for a suitable host to pass to Wwhikey can attach
themselves with their claws. The vast majority loége larvae will not
encounter a host in time and will consequently dig,the vast number of
eggs laid compensates for this. After sucking blfsoch the host, the larva
either moults and becomes a nymph while still &ttacto the same host or,
in other species, it drops to the ground, moultd #ren lies in wait for
another host to which it could become attachedingatsually occurs on
the host.
The simplest method of escaping from and re-ergesimother host is that
used by gut parasites. They enter the host pagsitiebugh the natural
entrance (the mouth) of the gut with food or waliére infective stage (a
free-living stage that has to exist in the extesralironment) usually has a
thick wall to protect it from the hazards of thevieonment. Common
examples are two human diseases: the thick-wé&lests' of Entamoeba
histolytica (the causative organism of amoebic dysentry) @mnatdia (a
common intestinal parasite). It is in this encystedn that the parasite
escapes from the host through the natural exh®fut (the anus), with the
faeces.
Gut parasites usually have a single host in tlifeirclycle; sometimes, how-
ever, as in the case of the pork and beef tapewofmsan Taenia solium
and T. sapinate,respectively), a second host (or ‘intermediatet)hizs
included in the life cycle. The free-living stagem encapsulated egg (see
fig. 4. 11) enters the intermediate host (a pigthim case of. soliumand
cattle, in the case of. sapinate)together with the food. This egg then
develops, within this host into another infectiviage, the larva, which
becomes embedded in the host's muscles. Escapetliesa muscles is

possible only because man (the definitive hostjideen the intermediate
host.
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Figure 4.11 Life-cycle of beef tapeworifTaenia saginate)lhe adult tapeworm
livesin the intestine and sheds egg-containing segmentshvatre passed out with
the faeces; the eggs enter the cattle with theadfahe larvae hatch and bore
through the wall of the gut to form cyststhe animals muscles; these can be eaten
by human beings. (modified after Ewer and Hall).

Exploitation of the host's sexual behaviour is hapsimple way by which
some parasites gain entrance into their hosts. pelnasites which cause
syphilis and other veneral diseases of man, andiasiparasites which can
cause still-birth in cattle are all transmittedidgrcoition or the sex act.
Blood has no natural exit, and so blood parasitesally rely on an
intermediate host, a blood-feeding parasite, tt lesicape from their host
and re-enter a new host. This intermediate hastuglly called a vector, its
main role being to transmit the parasite to anadtiost. In the simplest case
the vector only has the role of a mechanical trattem like a syringe
needle and the parasite does not show any develgpnséde the vector.

An example of such a relationship can be foundhénhtorsefliegTabanid's)

which transmitTryponosoma evansihe causative organism of the 'Surra’

diseasc of domesticated animals, particularly cantlrses and cattle.
Such a relationship can be regarded as the fiegsi 8t the evolution
towards more complex life-cycles in which the paeashows some form
of development or reproduction inside the vectant@rmediate host.
Several important human diseases are caused bgitearand transferred
by vectors:
a. Malaria: the protozoan parasiteRlasmodiunspecies, are transferred

by female malaria mosquito@&nopheles)Figure 4.12 shows the life-
cycle.
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b. Trypanosomiasis the protozoan parasiteSrypanosomaspecies, are
transferred by tse-tse flies and cause human sigegtkness and the
similar disease called nagana in cattle. Figur8 dtibws the life cycle.

c. Leishmanniasis the protozoan parasitdsgishmanniaare transferred

Figure 4.12Life-cycle of Malaria

After injection ofa human being (A), the parasites seitidiver cells multiplying
rapidly (B); they carmremain inthe liver or a longime, but cannot re-infect it once
theyhavepassed to the next stage of the ¢ifele, the merozoites (C); these attack
red blood cells and multiply inside these cells;(®henthey are released into the
bloodstream, fever is the result andw red blood cells can be entered; besides
this asexual reproduction, cells for sexual repreiien (E) are formed whichave

to be sucked into a mosquitoes gut to fuse; afeetilifation, the parasite
multiplies again and enters the salivary glands.{@®mn which they can enteew
hosts. (modified after Wilson).

=4l mosquito
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Figure 4.13 Life-cycle ofTrypanosomagcausing sleeping sickness. The parasites
live in the blood plasmél); if the blood of an infected person is ingested ligea
tse fly (2), the parasites are carried into the g(®); there they multiply and
migrate to the salivary glands where reproducti@mtinues(4); if then a fly bites
another human being, parasites are injected int® Ithood(5). (after Ewer and
Hall).

by sandflies and cause 'kala azar' and skin disease
d. Onchocerciasis:the nematode worm@nchocercaare transferred by
biting black flies,Simulium,and cause 'river blindness'.
e. Various cattle diseases are transferred by blooHisg ticks.
All these vectors suck up the parasite with the'eiddood and so enable
the parasites to escape from their host. To enthakethe parasites are
taken up with the blood, the-infective stages efplrasite multiply rapidly
(often asexually) so that every drop of the hdsksod is infected. The
parasites often concentrate in the blood vesssls the skin at the time of
day the vector is active (at night for mosquitaisiing the day for biting
flies).
Once inside the vector, the parasite often mudigpgain and often moves
into the salivary glands of the vector. When thetoefeeds on a new host,
it injects some saliva into the wound it makes,taiming a substance to
prevent the blood from clotting while the vectofésding.
Sometimes the vector, for example a biting, fly tamsmit the parasite to
other organisms on which it feeds. It is possihkg the parasites survive in
these other organisms, without affecting them. THess form a reservaoir,
from which the primary host can be continuouslyeatéd. This is the case
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for several cattle diseases in which wild herbigoset as a reservoir.
Eradicating such diseases is no simple matternfasi situation occurs in
the simple gut parasites elgntamoebawhile a large part of the human
population carries and spreads the disease with@ng ill themselves.
As a last example of parasite's strategies wenwilv discuss the life-cycle
of SchistosomagausingBilharzia in man. Figure 4.14 shows the life-
cycle. The parasite is a small trematode worm @Jukhich lives in the
liver or spleen of its host" Infective stages ledkie host with urine or
faeces and

Figure 4.14Life-cycle ofSchistosomagausing Bilharzia; the various types of snalil

which can act as intermediate host were showndaré 1.1.C, (modified after
Wilson).

92



have to find water snails as an intermediate Adstr multiplication inside

the snail the cercaria stage of the parasite escape the water and
penetrates through the skin of bathing human beaingeey get a chance.
Again, the daily rhythm of activity of the parasiteadjusted to that of the
host: most free swimming cercaria can be foundhe water in the
afternoon when most people take bath.

4.4 Competition and niche-differentiation

Another important type of relationship is found \eee€n organisms
dependent on the same type of food or resouf@asipetition. Plants may
compete for light, water or nutrients; animals ne@ympete for food or
shelter. In fact, we should speak about competitoty in cases of a
limiting factor, where the total requirements dfthe organisms exceed the
available recoures.
The more similar two organisms are in their requigats the more severe
competition will be. So the strongest competitian found between
members of the same species. Usually several tgpdmhaviour have
evolved to divide the available resources amongntlie the best way.
Equal sharing may not be the best way, if it mebasall organisms do not
get enough to survive. Many animals show some fafmterritorial’
behaviour, which enables succesful organisms taireea certain area
(territory ) for themselves for feeding or breeding. Birds kndnese
territories by singing; mammals often mark thensbgnt. An easy to study
example of territorial behaviour is the rainbowalid (Agama)common on
many buildings. Threats and display usually malké fighting unnecessary
(section 4.7).
Competition between members of different speciesngortant too. The
closer the two species resemble each other in tegiirements, the more
chance there is that one species will eliminate diieer. 'Complete
competitors cannot coexist', is a phrase commosbduo describe this
idea. Coexistence (i.e. species occuring togethesnie habitat) is only
possible if the organisms avoid competition somehdtey can avoid
competition in different ways:

1. By developing a different hunting technique, catghilifferent types of
food; e. g. the open-bill stork hunts for snaildiles other storks hunt
for fish).

2. By choosing a different micro-habitat to live indadeveloping the
appropriate adaptations; (e.g. the Nile Lechwedeawdgrass inside the
swamps, while most other antelopes live outsidestiamp).
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3. By choosing a different time of day for activitye.g. swallows catch
flying insects during the day and bats hunt fomta night in the same
way)

4. By choosing a different season (time of year) tog tain activity
requiring food (i.e. reproduction) and adjustinge thife-cycle;
accordingly; (e.g. several dragonflies survive ting seasons as adult
and breed just after the first rains; other spesigsive the dry season
the mud as larvae and breed later).

All these points are examples 'ofche differentiation'. By theniche an

organism we mean both the place where it livestaedunctional role it

plays in the ecosystem; that includes the typ®ofd fit takes.

Two organisms can avoid competition by having afsiepartly different
niches. Niche-differentiation is the main explaoatifor the existence of
many different species as there are. The pos&silitfor niche-
differentiation in a certain habitat determine thaiety of organisms that
can live there Niche-differentiation usually measpecialisation by
concentrating on particular type of food or micrabliat and developing
adaptation accordingly. By specialising on a cartaipe of food the
organism, may get this food more efficiently. Bpesialisation in contrast
to the general, all round strategy, contains teksriof dependency. If the
type of food O which one specialises disappeags) the way back to other
types of food usually cut off. So, specialisatierpossible only for a type of
food which is constantly available. The rain foresgenerally a much more
constant environment than a desert or savannahese tare many more
chances for niche-specialisation in the rainforésis generally a fruitful
exercise to try to understand the niche-differeiatia of the organisms
coexisting in a certain habitat.

Good examples of niche specialisation can oftenfdiend between

organisms of the same ancestry which diverged itmyudifferent types of

food in different habitats. Figure 4.15 shows saramples. The bills of
birds, which are all adapted to catch certain typprey or to eat a certain
type of plant food. Through this specialisationyth®oid competition.
On a smaller scale more subtle specialisationst.e8sme insect-eating
birds feed in the tops of the trees while otheesifen insects on the lower
branches or on the ground. There is a large nummbsunbirds, all with
slightly different size and form of bill. Thesegit differences may well be
enough to enable them to feed on separate flowers.

The grazing sequence of herbivores explained irtiosect.2 can be

regarded as an example of niche-differentiationwedl. Grazers and

browsers have different types of stomach, dependmgvhether they eat

‘roughage’ or selectively feed on plants with daigutritive value. Most
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Figure 4.15Adaptive radiation in bills of
birds, related to their type of food:

1. black-headed heron (fish, frogs, mice),
2. sacred ibis (worms)3. grey hornbill
(fruits), 4. pelican (fish), 5. pied
kingfisher (fish), 6. carmine bee-eater
(large insects)/. sunbird (nectar, small
insects), 8. glossy starling (seeds,
insects: not specialisedy. red-cheeked
cordonbleu (seeds), 10. chanting
goshawk (birds, small mammals). (or).

browsers are very selective in their feeding; tagow lips of giraffes and
the very mobile tip of the elephant trunk enablenthto avoid thorns and
select young fresh leaves. Many grazing antelopealao selective and are
able to separate different parts of a grass pkmte feeding on leaves,
others on inflorescences. Most of the larger gsazeuch as the broad-
mouthed hippopotamus, are non-selective.
The hippo's come out of the water at night to grmazehe land. Of course
this day-night difference does not lead to avoidomgnpetition with day-
time grazers, as the grass grazed at night willhaaste regrown the next
morning. (Contrast this with the day-night diffecenbetween insect-eating

swifts and bats.)

Competition between plants is similar in its effetd competition between
animals, but generally the possibilities for nialiferentiation are more
limited. All plants depend on the same abiotic weses light, water and
mineral nutrients. There can be some differentmatio rooting depth, by
which some plants efficiently exploit the surfaegdrs of the soil, while
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others search in deeper layers for leached nusrieny. grasses and trees in
the savanna). Because of the conflicting requiresnen adaptations for
drought-resistence and for rapid growth, we seeuiée qharrow niche-
specialisation from drier to wetter microhabitats.
In the savanna we find a mixture of evergreen plamith xerophytic
adaptations and fast growing plants which shedr tlegives in the dry
season. In the dry season the xerophytes are@glew (although slowly)
and this makes up for the other plants winningdbmpetition in the wet
season.
Weeds are generally more efficient then crops enabmpetition for light
or soil resources, and the farmer has to helprigsdy weeding.
In plants a considerable part of niche-differemtiatarises through the
gradual change of the composition of the vegetatmnprocess called
succession(see 5.6). During succession the first, or 'pionhptants are
gradually out-competed by other, slower growing lewentually taller
plants. But the pioneer plants survive by havingyvefficient means of
dispersal, finding new open spots as soon as theycreated (by falling
trees, fires etc.). This is called tihegeneration-niche' It can be occupied
by dormant seeds, requiring light for germinatibmthe forest it is used by
seedlings which hardly grow in the shade, but dgvels far as their seed-
reserves allow and then merely survive, waiting §aps in the forest
canopy to arise. Some plants are able to fight taly in without waiting
for gaps. The 'strangler fig' starts as an epiployterees, sends its roots
down, gradually surrounds the stem of the treefanadly Kills it. By doing
S0 it acquires its own free access to the lightvben the tall trees (figure
4.1).

4.5 Mutualism and symbiosis

In consumption and parasitism the benefits of tHationship only accrue
to one organism while the other is harmed. Comipatihas negative
effects on both partners, but there are also oglativhich are positive to
both sides:mutualism which is an association between two organisms
from which both partners benefit: It can be a loassociation or one in
which the two partners have become completely diégrgnon each other.
The wordsymbiosisis used to describe the latter situation.
The closest associations of symbiosis are foundoime plant examples
(figure 4.16). Lichens are permanent associatidradgae and fungiwhich
together are able to grow in places where no gilats can withstand the
extreme conditions: on bare rocks, as epiphytesthen smallest tree
branches and in other very exposed places.

Lichens grow slowly and are easily over-shadowedthgr plants in more
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Figure 4. 16 Examples of plant symbiosik.Microscopic section through a lichen,
showing fungus threads forming a leaf-like struetand unicellular greelgae
active in photosynthesi®. Aquatic fern(Azolla, compare figure2.6) with a
microscopic section of its leaf showing blalyae (Anabaenal)iving in an air
chamber; the algae can fix nitrogen gass from tlie asing photosynthetic
products of the fern.3. Root nodules containing nitrogen fixing bacteria
(Rhizobium), on a bean root systemd. Mycorrhiza on a tree root (e.g.
Podocarpus)a sheath of white fungus threads surrounds the amat acts as an
extensive system of root haifs Microscopic section through a plant root showing
'vesicular-arbuscular mycorrhiza': fungus threadstside the root, producing
thick walled spores and various structures inside troot ('vesicles' and
‘arbuscles’) in which exchange of sugars and notsemay take place. (after
various sources).
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favourable conditions. The algal part provides fbotosynthesis and the
fungus part provides for surface structure and ralrend water uptake
Associations between bacteria or fungi and higHantp can be just as
close: leguminous plants (e.g. beans, grounddacias,several fodder
plants) often have root nodules with nitrogen-fixivacteria.
Many other plants have looser associations wittogén-fixing bacteria in
their root environment. Sugars are exchanged fowogen (as ammonium
or nitrate).
A small aquatic fernAzolla, lives in symbiosis with nitrogen-fixing blue-
green algaeAzolla occurs in the Sudd (along with Bladderwort which
obtains its nitrogen from catching insects) in agi@nment where nitrogen
availability may be the limiting factor.
There are various types of plant-fungus associstiatiedmycorrhiza: the
fungus lives either in the root tissues or closalyrounds it and sends
fungal threads out into the soil (fig. 4.16).
The main advantage for the plant lies in the bgttersphorus uptake of the
fungus. This mycorrhiza is especially important fthe plant in tropical
soils poor in phosphorus. Several trees used isfor, such afinusand
Podocarpuscannot be succesfully planted unless their myceathflungus
partner is present in the soil.
An almost complete interdependence between twonsges can be found
in pollination relations between animals and plants. The plantsige
nectar (energy) for the insects, birds or bats Wwhisit the flowers and in
the meantime transfer pollen from flower to flow@he association is
usually very close, in that both flower and poltovadevelop special
structures to select particular partners. Therevar®us types of 'insect-
flowers' (e.g. flowers wide open for bees, or flosveith narrow tubes for
butterflies and moths), 'birdflowers’ (often rathede tubes and often red,
a color seen by birds but not by insects) and flbaters' (flowering at
night, very exposed flowers, usually with a 'badceBin See fig. 4.17 for
examples.
Savanna-plants are often wind-pollinated, espscitile grasses. Wind
pollination can function only for very exposed fless in a windy
environment, with few species which are all verymdant. In woodland or
forest the number of plant species is much larget iadividuals of the
same species are wider apart, so there is a neetbf@ specific pollination
mechanisms. There are also more insects, birdbatsdavailable. We can
say that there are many flowers because there arenany different
pollinators available, but also, that there areremy insects, birds or bats
because there are so many plants providing sepaicdtes. So in symbiosis
we get aco-evolution of die two species, just as in the 'evolutionaayng
of chess' of predation.
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Figure 4. 17Symbiosis between plants and animals in pollinatsorbat-pollinated
Sausage tregKigelia, Abu Shutor, A.; Ruwal, D.; Kubuli, B.); b. sunbird-
pollinated Hibiscus,with anthers protecting the stamen;Arisaema(occuring in
forests) temporarily trapping flies for pollinatian special type of inflorescence;
d. Oldenlandia grandifloravith white flowers flowering at night, with long dn
narrow coronatube for pollination by long-tongueawk-moths. (or.).

For dispersal of their seeds many plants are aggendent on animals,
which they provide with food to attract them. Oftdre seeds in fleshy
fruits have a hard cover to protect them from theyenes in the digestive
system of the animals. For some seeds passagegthimimal guts is
necessary to break the dormancy.

Animal-animal mutualistic associations are usualpit looser than the
examples we considered so far. An example is thi#eosgret associated
with cattle or Wild herbivores. The egrets benfbin the cattle by eating
the insects disturbed by the cows or wild herbisofiéhe letter will benefit
from the warning the egrets give when a predatpragehes. (figure 4.18).
Other birds eat ticks and other parasites fronskie of the herbivores, the
mutual benefit of which is clear (Oxpeckers, figl&). An interesting
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Figure 4.18 Symbiosis of birds and
large herbivores:

Cattle egret consuming insects
disturbed by the herbivore and
oxpecker consuming ticks from the
herbivore's skin," the herbivore
benefits from warning against
predators andremoval of parasites
respectively (or.).

association can be found in woodland and foregh wWie 'honey-guides’,
birds, which attract the attention of man bringimign to a wild bees nest. If
man takes out the honey, the bird can feed ondfiemvers of wax and
honey without being attacked by bees.

To finish this section one more plant-animal assomn will be cited:
Acacia-treesand ants. Several types Atacia-trees (A. fistuléTalh beid,
A.) and A. drepanolobiumhave ‘whistling thorns', thorns with a very
swollen base with openings which produce sounfienatind. In these gall-
like structures ants can live (fig. 4.19). The plaenefits from the ants
mainly as a defence against grazers, both smakcigsand large
herbivores. That the defence is effective can becladed from the
observation that whistling thorns are especiallyratant in over-grazed
areas.

Figure 4.19 Symbiosis of ‘whistling thoriicacia drepanolobiurand ants living in
inflated spines protecting the tree from grazimgltivores and insects, (or.).
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4.6 Distribution and abundance

To end this chapter, we shall try to see how aséhrelations influence the
distribution and abundance of organisms. By distribution of a species we
mean the area or range of conditions in which #$ipiscies occurs; under
abundance we discuss the number in which the speceurs within that
range, that is, the population size.
To explain distribution, we can start with all exig species in the world
and ask ourselves why in any area we find only allsselection of them.
As figure 4.20 shows, there are a number off aatesponsible for this.
First of all not all species in the world have &sceto our area.
Geographical barriers prevent many species frochieg areas where they
might be able to live. This of course is relatedhe dispersal method of
the organism in question. For birds; or plants wilimd-born seeds this
problem is on a different scale than say for eefmgin the soil. The
geographical factor is best appreciated when wé labthe effect of
introducing species into other parts of the wo@dite a few of them will
survive (e.g. many successful tropical crops sichhaize and cassave are
not native to Africa), and sometimes they will dowell that they cause
great problems, such as the waterhyacinth brought Hrom South
America. Geographical isolation is best seen anas, but mountains or
large rivers can act as barriers as well and isdlgatches of a certain
habitat in between other habitats (oases in a fasefated crop fields),
can be regarded as islands too. In case of pedtsliapases precautions
such as quarantine are necessary to prevent tlemsjpreading into new
areas.
The second and third step in fig. 4.20 have beenudsed before. Only
those species which are adapted to the climatiditons and for which all
basic needs are fulfilled can survive. But a largeber of them will not be
present because, of competition. This is showrhbyfdct that, in a garden,
many plants, which would not survive otherwise, dan grown when
weeding removes the competitors.
The competition factor can also be seen by theceféé¢ invading new
species on the species already present. Quite tifee are excluded or at
least reduced to a smaller range of microhabitatater-lettuce(Pistia)
used to be very common in all open water, but dfierwater-hyacinth (a
plant with similar growth form) established itsétf the White Nile and
Sudd, water- lettuce became restricted to smaldp@nd streams, and the
Nile upstream of the Fulla Rapids, where the watecmth has not (yet)
reached. In the Bahr el Ghazal waterhyacinths dogrmw well, probably
because of the poorer nutrient supply (or excessuf); and water-lettuce
is still present.
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of dispersal
Those with suitable adaptations for
gurviving the abiotic conditions
Those for which food is available [not ,\;9
and all basic needs are ﬁllﬁlled @&Q

All exasting species in the world
Those which can reach the area with their means L

Those which survive
competition by having "3’/

) &
a separate niche ﬁc}’

K&

Those surviving not

predators and
paragites

species presentin this area

Figure 4.20 Factors explaining distribution of @igisms (or.).

Figure 4.21 Factor explaining abundance of organi{am).
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Number surviving competition Competitors reduce carrying capacity
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: predators
predators and parasites
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reduce
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Even among those species which can find a nichdnowit serious
competitors, some will not survive in the area lseaof predators and
parasites. For example, tse-tse-fly areas cannatsbd by cattle and the
presence of eelworm®lematodestan make land unsuitable for tomatoes.
So, in five steps we have 'sieved' the local flmd fauna from that of the
whole world.
The last two factors also influence the abundarfcthe species present.
Roughly speaking the amount of food available deitees the carrying
capacity, the maximum number in which an organism occur. As fig.
4.21 shows, the actual population size will oftem ¢maller than this
carrying capacity.
The numbers will never be constant because theingricapacity itself
depends on other organisms which fluctuate theraselvhe climate is also
never constant and this may affect both the cagryapacity and the
organism itself, especially in case of climaticsatiters' like droughts or
floods. All these factors tend to reduce the numbss reproduction is
necessary to maintain the balance
If the conditions are faourable every populatiom cgow rapidly at an
exponential growth rate. If we start with one pair of parents prodgciO
young, in the next generation we already have & mdiparents producing
50 young, then 25 pairs of parents producing 25Mhgcetc.
generation number
2
10
50
250
1250
6250
In many species one pair of parents produces muehk than 10 young, so
their populations can grow even faster. Of coutselally most of these
young (or seeds for plants) will not survive. A ptgiion can only be
constant if each pair of parents produces just mew individuals which
reach maturity (on average); (Compare seetion 3.5).
Territorial behaviour tends to regulate the nump&eeping them at an
equilibrium value. If the population size is largegt all individuals will
reproduce, but there will be a ‘reservoir' of indidals ready to take their
chance if an animal with a territory is killed. $uch a way the number of
breeding individuals can be kept nearly constamt.iiteresting example
can be seen in birds: most birds with territoriah@aviour occur in fairly
constant numbers, not easily becoming a pest.rétdevlshop’ weaver birds

U, WNBE
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for example, only occur in fairly small numbers.eTtelated 'Sudan dioch'
weaver-birdQuelea)is not territorial and breeds in large colonies.

The numbers of Quelea can 'explode’ under favoairadnhditions, with the
large flocks being a real pest in the Dura.

In section 3.3 we mentioned the sudden migrationddsert locusts when
their populations 'erupted'. Most of these locusisne from areas with
alternating wet and dry periods and the eruptioasecally occur in dry

years when the abundant food supply gradually diesis Research has
shown that part of the increase in locust numbeag bre attributed to the
absence in dry years of certain predators suchdalf dragonflies, the

larvae of which live in water. This example may whbow complex

relations can be: every organism is not only depahdn its environment
and on a limited number of other organisms, bububh these other
organisms on all the factors on which they depetcktera. It is now time
to consider the ecosystem as a whole.

4.7 Suggested practicals

1.

2.

Make a study of plant-animal relation in pollinaticCam you identify
adaptations of both the plant and the animal teeséreir needs?
Compare fig. 4.15 with the birds around where yoe.ICan you give
further examples of niche differentiation in birdé@w do birds make
use of their bill?

Describe the territorial behaviour of rainbow-lidarAgama.
Dominant males are brightly coloured, young malesfamales are
brown. How large is a territory? What happens i tizards meet each
other? Do they react to other types of lizards eAwv

Study niche differentiation between three typebzaid, common in
every school or house-surroundings: Rainbow liz&kink and Gecko
(see fig.22). Try to define their niche: where dkado they live, on
which prey do they feed, at which time of the deg/they active, do
they show any adaptations to their mode of live?

D S—

Figure 4.22 Lizards: a) lizard ®
(Gerrhosaurus, Zichlia A.), b)
rainbow lizard @gama Dab
abfenila, A.), c) geckorérentola
Dab amien, A.). (or.)
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5. Work out the following example of exponential grbwiOne water-
hyacinth plant occupies a space of 10 x 1¢ emd it reproduces
vegetatively to form a new plant every 2 weekswé# start from 1
plant, how many will we have after 2,4,6,8 and 1€elss? How long
would it take them to cover a lake of 1 km2 surfacea? (hint: first
determine how many plants you need, then how oftmn have to
double numbers to reach this.)

6. Describe all the relations between two types oanigms you can find
in your own environment: feeding-relations, symisipgompetition,
parasitism. Make a list of them (necessary for tdrap) and discuss
the adaptations of the organisms appropriate fselrelations.

7. In figure 4.20 the means of dispersal where meatioas a possible
factor explaining the distribution of plants andnaals. Different plants
have different means of dispersal: floating fruiis seeds of the
Sausage- tree, Fanpalm and Dom-palm coincide Wwéhr tlistribution
along water courses; sticky seeds are effectiveifpersal by birds for
the tree parasiteoranthus.Can you give further examples?

Table 5.1 List of observations on feeding relations inigh rainfall savanna
habitat

organism mouthparts feeding on
grasshopper chewing mouth grass-leaves
hornbill long broad bill tree-fruits
butterfly long 'tongue' tree-flowers
stick insect chewing mouth grass-leaves
beetle biting mouth tree-flowers
caterpillar chewing mouth tree-leaves
cow chewing teeth grass-leaves
weaverbird strong, short bill grass-seeds
ants biting mouth seeds, caterpillar
mosquito sticking mouth I plant juices

E cattle blood
dragonfly biting mouth small insects
spider biting mouth small insects
bee-eater narrow, sharp bill insects
chameleon long tongue insects
lizard long tongue insects
shrike strong, curved bill grasshoppers, lizards
snake poison teeth lizards, etc
mongoose sharp teeth rats, frogs, snakes
kite sharp bill lizards, small birds
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5. The ecosystem
5.1 The foodweb

We can now try to build a picture of the ecosystasna whole, after
looking at all relations seperately. If you havendoexercise 4.6 you
willpr9bably have ended with a long list of obsatuelations, many of
which concern feeding relations possibly sometHikg table 5.1. From
these feeding relations we can now constfoetichains grass is eaten by
a grasshopper, grasshoppers are eaten by a shokee get grassl
grasshopper] shrike, so we get gras$ grasshoppet] shrike, which is
an example of a foodchain. A longer example woudd flowers [J
butterfly O dragonflyd chameleond snakell mongoose. Foodchains
always start from plantmaterial, so the second stap be called plant-
feedeer (omerbivore). The next step can be described as (plant-feeder)
feeder to show that it is ultimately dependent ¢amis for its food (or:
carnivore of first order) etc. The various steps of the fdwain are called
trophic-levels. The first step, the plants, are the predsicwhile the
animals are the consumers. The consumers can lkediin herbivores,
carnivores of first order, carnivores of secondeoyétc.

Of course most organisms feed on more than one ¢ydfeod, so the
foodchains become branched. All food-chains togethéhe same habitat
have all kinds of connections, so they forffoadweb, as shown in fig. 5.1
for the data of table 5.1.

Figure 5.1 Example of a foodweb, constructed from the obsemstisted in table

5.1;arrows indicateis eaten by'. (or.)
trophic
level:

hornbill

attle beetle  butterfly

1 grassseeds grasslcavcs plant juices flowers fruits
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The foodweb shows how every organism depends, imesorm or other
on all the other organisms in the foodweb. For gdemwhat would
happen if the spiders were suddenly removed? The sep in the
foodchain would suffer (losing a source of foodt Ithe previous step
would benefit (the mosquitoes in our case) by lpsipredator; because of
this the dragon-fly on the same level as the spidwmrld benefit (losing a
competitor: but the cattle would suffer (losing regator of a predator) as
the number of mosquitoes will no longer be contblby spiders.

5.2 Decomposition

When animal feed on plants or on other animal, tiexe to digest the food
first before they can absorb the required constitiéen their blood. Parts
which are not completely digested and constituesiich are not required,
are excreted as waste or faeces. Faeces is pime Gfead organic matter'
produced by the organisms of the foodweb, togetidr dead plat parts
and animal carcases. This dead organic matter fahmsfood for the

scavengers and saprobes (see sectiob 4.2.D.). &neakof dead organic
matter by this group is calledecompositior}; the saprobes are

Figure 5.2 The process of decomposition; open asramdicate flow of matter
closed arrow mean 'is eaten by'. (or.)

1

Dead organic matter
dead soft N
animals ¢, dung wood plant litter
Deconmiposers-: \ Predators :
slugs wood= Jearthworm ant ntlion
Fimar beetle larvaeli| {dung beetle horing millipede [ [centipede
primary fly larvae (ly larvae beetle woudlouse spider +pscorpion
ants tefmite snail false .scorpion
mite /
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secondary @ springtail
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protozoa
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also known as ‘decomposers'. Along with the teprmducers for plants
and'consumers' for herbivores and carnivores, the decomposersailed
'reducers.

Figure 5.2 shows the 'decomposition foodweb'. Mdiffgrent organ take
part in decomposition; fungi and bacteria are ugualsponsible the final
step, by which humus and nutrients are formed. MaArsaprobes are eaten
by predators in the soil.

5.3 The nutrient cycle

For all organisms in fig. 5.1 the food is specifiescept for the plants.’
plants are not directly dependent on other orgamiemtheir food as 11 as
sunlight, carbondioxide, mineral nutrients, wated anineral nutrients, are
available. However, we have to consider the soafdbe nutrients needed
by the plants. Some nutrients can be stored isoiiedepending soil type,

but they will be rapidly depleted if no nutrientseaad, continuously. In

natural conditions this happens by the actiondddomposers or reducers.

Every foodchain is a 'nutrient-chain' as well: arpltakes its nutrients from
the soil; if a plantfeeder eats the plant it alsket in the nutrients of the
plant; if this herbivore is eaten, the nutrientspan to the carnivore, etc.
The process of decomposition brings all nutriemtskkinto the origin state

in the soil, available for uptake by plants. Decosifion thus connects the
two sides of the foodchain and makes'irient-cycle'. Fig. 5.3 shows a

nutrient cycle in schematic form. The most esseptiats of the nutrient

cycle are the plants and the decomposers. The gtbat: are not essential
for the cycle to continue.

Figure5.3 Schematic representation of a nutrieriey(or.).
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Figure 5.4 The nitrogen cycle (various sources).
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The nutrient cycle for a particular habitat (congpéne water cycle of fig.
1.2), is part of a larger system. Nutrients cardsé from the system to the
air or leached to the subsoil and they can be atigenveathering of rocks
precipitate from the atmosphere with rainfall, bdded to the soil by
flooding etc. In fig. 5.4 and 5.5 this larger scaldrient cycle is represented
for Nitrogen and for Phosphorus. Nitrogen is a #detase, because it can
easily be lost to the air by volatilisation andtyeught back into the soil by
nitrogen-fixing bacteria or by Blue-Green algae lyy the effects of
lightning Phosphorus is more typical for the othetrients, and is mainly
stored in rock-deposits. The carboncycle resemthlesiitrogencycle in so
far that exchange occurs between the atmospheigg lbrganisms and the
soil.

The nutrient cycle has a different character invilwéous ecological zones.

Nutrient uptake by plants is restricted to the grmpseason.

Decomposition generally requires moist, but not, wenditions.
In the (semi)desert and savanna zone decomposgigastricted to the
rainy season. At the start of the rains decompsitif leaves shed sine the
star of the dry season results in a flush of natsiénto the soil. Fire during
the dry season can destroy a large part of the deganic matter: the
nitrogen is lost into the air, phosphory and padtamswill mainly remain in
the ash, but can easily be removed by wind.
In the flood region decomposition in water can beléred by a shortage of
oxygen. After the floods retreat usually much deadjanic matter
(including dead fish and waterplants) is availafolerapid decomposition.
The resulting nutrients, together with fresh silow a rapid (re)growth of
the toic vegetation. Burning the dead grass veigetawill release the
nutrients more quickly, however considerable loss@s occur, as in the
savanna.
In the rain forest decomposition continues all yeaund and, generally,
little litter is present. The vegetation has a @ensot mass in the upper
layers, trapping almost all nutrients released teetbey can leach to the
under-ground. In the rainforest the largest pamufients is present inside
the trees, rather than in the soil.

5.4 Energyflow

The nutrients tend to circulate in the ecosystem,emergy does not. The
main source of energy is sunlight, which (1) pregdplants with the

opportunity to photosynthesize their food, (2) ewapes water and thus
keeps the water cycle going, and (3) warms up tinace of the earth. By
photosynthesis plants 'trap' energy to form orgamatter. (Compare figure
3.1). Together with the organic matter, energy mntee foodchain when
animals eat plants. During every step of the foadclonly part of the

energy will be stored in the tissues of the negaarsm.
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Figure 5.6 Schematic representation of energy flow (variouges).

The largest part the energy is excreted as norstdigke material, used for
body maintainance, temperature balance or for thenymactivities
necessary to obtain food, water and shelter. Adl &mergy will eventually
be lost as heat, the lowest-grade form of energy.pirt of the energy
consumed by animals will come back to plants; @gtito the nutrient
cycle, we should speak of amergy-flow. Decomposers use the energy
contained in dead organic matter and release ntgria the original form
taken up by plants. Figure 5.6 gives a schemaficesentation of the
energy-flow, starting with incoming sunlight andndlly leaving the
atmosphere as heat, after various steps of thelfadal
Figure 5.7 shows in an even more schematic formréfation between
energy-flow and nutrient-cycle. We can say thatehergy-flow keeps the
wheel of the nutrient cycle turning. Plants combénergy and sunlight into
their tissues which form the basis of the foodchBuring the sub- sequent
steps the nutrients return to the soil while thergy is lost as heat
(compare the water cycle). .
The energy-flow can be quantified for every ecamystand of course the
details will be different for every ecological zork well-developed plant
cover can, of course, use a larger part of theggnef the sunlight than
sparse vegetation. But even for a well-developegbtagion rarely more
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Figure 5. 7Relationship between energy flow and nutrient cyate

than 2% of the sunlight is stored in plant tissukwater is in short supply
this efficiency becomes lower (the relation betwgdmtosynthesis and
transpiration was explained in section 3.2). We sp@ak of théprimary
production' of an ecosystem as the amount of plant matterymex} this is
usually expressed as dneight produced per surface area per year (or day).
Typical values of primary production are:
g/(nf. year)  kg/(ha. year)
3

desert 30

semi-desert 70 700
savanna 700 7 000
swamp 2 000 20 000
rainforest 2 000 20 000

Of this primary productivity only a small part issed for'secondary
production' by herbivores. Part of this is used for 'tertiprpduction’ by
carnivores. About 90% of the energy in the foogdssed out in faeces and
urine or is used for respiration to maintain itsdpa@nd activity, leaving
only 10% for growth of the organism itself and reprodhret
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carnivore II |?| |a| M

camivore I 100 0.66 1.2

herbivore 15 000 1.25 27

producer 72 000 000 000 17.7 230
numbers biomass productivity

Figure 5.8 Ecological pyramids for an experimental pond:

a) 'pyramid of numbers (no. of individuals pef)nb) pyramid of biomass (g dry

weight per ), c) pyramid of productivity (malry weight per i per day). (After

Whittaker,1975).
We can say that the efficiency of secondary ora®riproduction is roughly
10%. Higher efficiencies than 10% occur in aquagicimals and in
carnivores; for herbivores in land-ecosystems fifieiency is usually less
than 10%. Summarizing these data, we see thaednkrgy of the sunlight
ca. 2% is available for plant growth, 0.2% is aadalié for plant growth,
0.2% for plant-feeder's growth and 0.02% for (pfeeder)-feeder's
growth.

The energy-flow scheme indicates that in each sulesd step of the

foodchain less food is available. A diagram of #mmount of plants,

herbivores and carnivores present in an ecosystéhtherefore have the

shape of a pyramid. Plants form the basis and wams the top. Fig. 5.8

shows an example.

The ecological pyramid of a savanna will show mugrass, a small

biomass of antelopes and an even smaller amouiginobiomass. This can

be understood from the amount of energy availabkath group.
Pyramids can be constructed in various ways. Tyrarpid of numbers' can
be changed into a 'pyramid of biomass' by takimg atcount the size of the
organisms. The amount dfiomass present at any moment gives some
indication of the production rate but we have talise that there are large
differences in accumulation rate. Annual plantsdharstore energy in
permanent tissues, while trees spend most of émgirgy on making wood.
Although the primary production of a grassland antbrest may be the
same, the amount of biomass present will be difter&he amount of
biomass present divided by the productivity in hryes expressed in the
'biomass accumulation rate'. Typical values are:

desert 2al0
grassland l1a3
shrub 3al12
woodland 10a30
mature forest 20 a 50
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5.5 Microhabitats and home range

In chapter 2 we discussed the broad ecologicalg@re we saw that each
zone contains several micro-habitats and a specimmunity’ ofplants
and animals. From all the relations discussed enféfiowing chapters we
can see that the community ofganisms forming the biotic part @i
ecosystem cannot be a random collectiospzcies. In a botanical garden
or zoo random collection of plants and animalslmikept, provided that
each organisms well cared for and that. competiioil predation is
prevented. by weeding and by fences; in nature @eigain balanced
combinations ofpecies can occur together, each influencing allctier
species either positively or negatively. Maybeyati take a second look at
figure 1.1 you can now give examplesatifthe types ofelations indicated.
Three points remain to be discussed: the relatime$ween the
microhabitats within one ecological zone, the wawhich ecosystems can
change, and the (pre)historic changes in the Sseédaadscape.
As discussed in section 2.1 in the (semi) desectavhiabitats are mainly
determined by run oféf rain water to lower places such as wadi's, to which
vegetation is largely restricted. Almost all aninhi# is restricted to the
vegetated zones as well. Animals which do not @&stihave to migrate
over large distances to find places where rairréesntly fallen.
In the dry savanna zones, the variation in microithés is determined
largely by soil type in relation to the water balanFigure 5.8 shows some
micro-habitats ofthe Sudan savanna zone. Run off-standing watein- ra
water infiltration - ground water supplies deterenimhich trees will grow.
(Compare figure 1.12) Most animals depend on tladlahility of a number
of these micro-habitats, within a relatively shortaice.
An example can be found in Dinder National Parkarnthe Ethiopian
border in the Sudan savanna zone. The park largehgists of an old
floodplain with Acacia seyaland Balanites aegyptiacas dominant trees
(micro habitat B & C in figure 5.8); Seasonal pondslled mayaas are
present (E) and rich! forest types along the ri&sL). When the rivers
dry up in the dry season, pools remain in the rived. Most herbivores
spend their time alternating between theseyal - Balanitesvoodland and
the mayaas, for resting in the shade, under cower far feeding and
drinking respectively. This pattern is followed Myeedbuck, Tiang,
Waterbuck, Roan and Warthog. In the dry season thegs the riverine
forest to the ponds in the river bed. The buffadersl most of their time in
the mayaas; the Oribi needs little water and siiayke dry woodland most
of the time. Giraffes stay in the dry woodland,nfmg in the river after
sunset. The Bushbuck mainly stay inside the
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microhabitais:

A. hard soil slopes: due to sheet . sandy soils, fixed dupes: "Goz".

erosion; water-mainly runs off. ths hitks-of rough, reoay highly
. absorptive surface.

clay soils: :

3. old floodplain, occasionally loam soils With streams:
inundated ]

C. low fioodplain, inundated-for L. small runnels flushing for
weeks at a time. an.hour or two after rain:

Y. mounds in swamps and high K. large seasoual watercourses,
banks fringing rivers. flushing after rain.

f:. landlocked pools, only drying L. banks of -perennial streams
out in dry season: "mayaas'. or rivers.

typical tree species:

A. Acacia mellifera, A. senegal. G. Sclerocarya bir{rea.}

3. Ziziphus spina christi, . Bo.sswellia\papyr\(era.”
Balanites aegyptica. L. Pseudocedrella kotchyii.

C. Acacia (seyal var,) fistula. K. Acacia si¢beriana. .

D. Piliostigma reticulata. L. A. campylacantha, Tamarindus

E. Acacia nilotica. indica, Ficus sycamorus.

F. Acacia seyal.
Figure 5.9 Microhabitatsin a Sudan savanna according to Smith (1949); for each
site typical tree species are mentioned.

riverine forest, as do the Kudu's which occur irmBmumbers only. As

the mayaas are concentrated in me central, norfreatrof the park. most

of the mammals and the birds as well are found5% bf the park area

only. Only the combination of micro-habitats malkls area suitable for

these species.
In the flood region small differences in elevatican result in important
differences in duration of die floods and hencehances for the trees to
survive. The importance of termite mounds in théspect has been
mentioned, but the heavy clay soils, which craclemvdry and swell when
wetted, have a tendency to form small ridges byndaves as well.
In the Guinea savanna zone micro-habitats arerdeted by soil type and
resulting water balance, but also by the risksi. fSpreading of trees
from termite mounds, creating mutual protection $lyading out the
grasses, results in a ‘honey-comb' like patterth@fvegetation. Figure 5.9
shows the soil types and vegetation as they oatthe transition between
Guinea savanna and flood region

On the left we see the high grounds with ironstatnae surface (lIl) or

Figure 5.10 Microhabitats in a transition from Iretone plateau to floodplain,
according to Morison et al1948).
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covered by a layer of soil which can be thin (lIl)comparatively thick (1).
Where the ironstone is exposed it forms a hard wi&h hardly any
vegetation. The slopes collect soil material froighkr grounds and lose it
to lower areas. This soil consists of a layer afdsaovering a soft type of
ironstone (1V). Lower down the slopes, at M, it dies clay deposited by
the river. The valley-bottom receives soil matefiam the higher grounds
as well as from the rivers. Clay loams (VI) alteéenavith clay soils (VII).
Trees here are restricted to termite mounds becaafuge poor drainage of
the clay resulting in ponding and flooding. Theeribank (VIII) usually is
a bit higher than the adjacent grounds and allovesermabundant tree
growth.

Only a few of the mammals in these regions areicedfto only one micro

habitat. Figure 5.11 shows the habitats preferyesime of the larger

Figure 5.11Habitat preference of large herbivores in a traiwitfrom permanent
river to forest (various sources.)

wooded
river swamp toic grassland grassland forest

herbivore - Tood
hippo PN - grass
sitatunga ————. Swamp-grass
nile lechwe o ———— sWwamp grass
buffalo P P T - Y grass
clephant — e grass;.tree Ivcuvos,
— bark-and fruit
waterbuck PP N, grass
bohor recdbuck PSS grass
kob ..o grass
tiang ———_cm grass
roan — . _ASE—— srass
mongalla gazelle P — [ short grass and
tree leaves
zebra e A———
grass
white rhino Jp—
grass
black rhino —a—— tree leaves and
giraffe -~ t——— fruits
trée leaves
hartebeest _an——
grass
witrthog —— e [’shom-grass and
rools
oribi rovaeey
] grass
bushbuck Jp—— [l ree leaves and
common duiker herbs

tree leaves
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herbivores. Many of them shift from wetter to dri@bitats, according to
the seasons. Some migrate over large distances.
Part of the elephants which can be seen at Nimatéohhl Park in the dry
season, migrate to the area North of Torit in th@y season. Enormous
herds of white-eared kob migrate to and from thenBlateau in South
Eastern Sudan. Tiang migrate over large distanoeb® edge of the flood
region (Figure 6.5).
In the rain forest micro-habitats are formed iniffecent way the complex
vertical structure of various tree layers, shrubd andergrowth provides
different micro-habitats to epiphytic plants as et to animals. When
large trees fall down, they make gaps in the forAsseries of micro-
habitats is usually present, from recent gapsdsed forest. Grazing by the
large herbivores can keep gaps open at least temigor
In all these cases the number of animal specieshatan find a seperate
niche is somehow related to the number of plantisgeand to the number
of micro-habitats. But this relation is not simpha earthworm stays within
an area of 1 ffor all its life; an elephant travels in an ardaseveral
hundreds of kifis. Obviously the scale on which micro-habitatsubthdoe
discussed is different for the two examples givime term home-range has
been introduced to describe the area in which amancan complete its
life-cycle.
A study of the ecology of an animal should inclutie home-range as a
whole, to be meaningfull. The term ‘community’ atyene place is
complicated by the fact that the home-range okgiexies can be of a very .
different scale.

5.6 Community change

All communities are subject to change. There arg/nilght changes,
seasonal changes and yearly fluctuations in clinfate there usually is
some more permanent, irreversible process of chasgeell:succession
The basis for succession is the change in conditimought about by the
organisms present, as mentioned in section 4.XeSamn proceeds from a
pioneer stage, through intermediate steps to arsmaammunity oclimax.
Figure 5.12 shows the initial stages of success®rit can be found on
rocks in areas with fairly high rainfall. The baoek is colonised by lichens
which can withstand the huge temperature fluctnatiof this exposed site.
Their presence will increase weathering of rockshéns grow very slowly
and may be overgrown by mosses which germinatéderittle amount of
soil formed and by lichens. The mosses can store witthe rain-water and
form a bit more soil. On top of the mosses grasses herbs can grow,
which have no chance to survive on the bare rddkel conditions remain
favourable, the grasses and herbs will overgrownbsses and eventually
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,'/J
(M9%5 ™) ichens

bare rock e

Figure 5 .12 Example of initial stages of succession on a bakyas seen from
their zonation (or.).

shrubs and trees may take OVa'. Every step irstiésession is associated

with different animals.
We can study the process of succession startimg &o area with bare soill,
for example an old farm field. The initial flucti@mts of micro climate at
the soil level will be high, but some plants wiffient means of dispersal
(for example the light, wind blown seedsTofdax) will find the area and
start germination. Their survival is initially det@ned mostly by abiotic
factors. They need adaptations to survive drouglt lagh temperatures.
As soon as these pioneer-plants grow, they wilhgkathe micro-climate.
They increase the humidity of the air, provide €haahd damp the
fluctuation of temperature. Their litter which &lbn the soil, will provide
chances for decomposers and humus will be formadgihg the structure
of the soil and possibly increasing the infiltratiof rain water. The soll
profile will develop under the influence of the etation and will in turn
influence the survival of plant species. The piorEants usually disappear
after a while, because the abiotic conditions mayehchanged or, more
often, because they lose the competition with ofit@nts such as slow but
steady growing shrubs and trees. Plants provide fmoanimals, usually in
a rather specific way. So the number of plant g important for the
number of animal species. A high number of animadcges in turn,
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provides plants with possibilities for specialisedations for pollination
and seed dispersal.
All in all, the community will become mote complekiring succession
ripening' of the ecosystem, till a certain maximus reached. This
maximum is not necessarily the final stage or cimaometimes a few
species dominate the climax stage while in inteiatedstages a large
variation has been present. Table 5.2 summarizewe sof the aspects
mentioned.
Succession generally leads to a climax stage. Dhe bf the climax
however is determined by the main limiting factBire and flooding can
both prevent a further development of the vegetatmd arrest the
succession. If no other factors hinder successibmate determines the
type of climax found. We can see this m the ranfgelimax-vegetations
from desert to rain forest in fig. 1.15.
The number of species of plants and animals incasystem can be called
'diversity' . There is a certain relationship between the dityerof
ecosystem and the intensity of fluctuations ingheironment. Relative

Table5.2. A comparison of ecological conditions in pienand climax stage

pionee Climax
— main limiting abiotic: water, nutrients biotic: grazing, light
factors for plants  temperature nutrients

(competition
- dominant strate¢  fast reproduction, sho survival of

life cycle competition long life
cycle
— plant pollinatiol wind insects, birds, be
- reproduction o many small seeds fi few large seeds wit
plants good dispers. many stored reserv
— number of plan low high (sometime
and animal speci decreasin(
- foodwel simple comple»
— nutrient cycle most nutrients in th most nutrient in th
soil biomas
— growth rate high low
standing cro
— fluctuations of directly fell damped by vegetati
abiotic factor
— change in specie fasi slow
compositiol
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absence of fluctuations or stability is required doversity to develop. This
can be seen on two different time scales: in eiaary terms and in terms
of succession. Evolution of adaptations can onlguocfor selection
pressures which remain present for a long timeseletion 4.3 we saw that
competition exerts a pressure towards niche-speafein. But
specialisation is only possible in relatively camgtconditions. In changing
conditions specialists will not survive the extreno®nditions and'
opportunist' or 'generalist' feeders will be bettéfr On the time-scale of
succession a relative constancy is a prerequisitehe development of a
diverse, complex community as well.

In general terms, the diversity of the communiiiesreases as we travel
from desert to rainforest, while the environmerftattuations decrease.
The increased stability is partly a result of thestng vegetation, e.g.
damping fluctuations of temperature and air-hurgidithe internal stability
of a community is to a certain extent dependentth& diversity, or
complexity of the foodweb etc. If more, potentiatlygulating factors are
available, the populations will vary within a naner range.

The most extreme examples of fluctuating populatgipes occur in
environments with large fluctuations. For Sudan heelea-birds(Sudan
dioch) can be mentioned and the desert locust.tiBngof the desert locust
are related to years with exceptionally high rdinféhe desert locust has
two forms or phases, a solitary one and a migrasowy. If the population
density is high, eggs of 'solitary' locusts wilk¢ta'migratory' locusts which
will start swarming. The eruptions of the desedult start along the Red
Sea Coast, an area with winter rains. In years waatme extra rain, more
plants grow and the grasshoppers produce a seamataion. This extra
generation will finish off the plants growth in aast time and will start
crowding. Their offspring can be of the migratoypé and once swarming
started every new generation will finish the fooditable to them faster,
causing the swarms to | move to new areas.

The situation with the Red Locust is the reversaghhe population will
erupt in dry years, with a low density of predatsieh as dragonflies
dependent on water for reproduction. In both casstability of the
environment, either a high or a low rainfall, caigder eruptions of the
population. In comparing a desert with a rain-foresd in comparing a
pioneer | vegetation with a mature community, we iseboth cases simple
abiotic; stress factors on one side and compl@tiddimiting factors on the
other. The possibilities of niche-specialisati@m biotic stress are much
higher than for abiotic factors. This is anothepexs of why diversity
increases in a constant environment.
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5.7. Historic changes of the Sudanese landscape

As we have seen, the climate has an overwhelmifigeimce on the
vegetation and on the ecosystem. For reasons yang&hown, the climate
has changed continuously during geological histDry. periods alternated
with moist or humid periods. In moist periods atundaries between
ecological zones shifted to the north (part ofghesent desert was covered
by a dry savanna etc.); in dry periods they shiftethe south. Sanddunes
were formed in dry periods and became stabilised aavered by
vegetation in humid times. The large clay plainsCentral Sudan were
formed in times of high river flow, when presumablarge lake or swamp
was present in areas which are now dry savannandperiods of a low
rainfall Lake Victoria did not overflow and the WhiNile was a local,
seasonal stream. By studying soil profiles (inabgdiremains of the
vegetation) and the details of landforms much a$ thistory can be
reconstructed.

For the present-day ecology of the Sudan suchtariual context is useful
in many respects, e.g. it helps to explain whyates mountain areas such
as Jebel Marra can contain forests with many ofséme species as the
forests of Southern Sudan, although now these epeainnot disperse over
such distances; the history also helps to expldig stabilised sanddunes
occur, the sand of which can be blown away if thgetation is removed by
man; in the former riverbed of the White Nile dygyidry periods salt crusts
were formed which can now spoil groundwater for huonuse or cause
problems in irrigation schemes (such as the Wed#anagil extension of
the Gezira Scheme); also the history of the lamusgaovides us with a
background to the history of man in Sudan, to taelgal development of
various means of using the environment. On therdtard, in more recent
times man has considerably influenced the Suddaadscape.

The earliest fossil remains which sufficiently nedde present day man to
be considered as the same spec¢iesno sapiensare dated at 40.000 years
ago. Presumably early man lived as a hunter, aesggv and by gathering
fruits, seeds, plants, roots, etc. By far the lsrggart of the human history
man lived as such, and probably was not an inflaergart of the
ecosystem. About 7.000 years ago man started tp keemals; cattle,
goats, sheep, camels and horses were all derived frild ancestors.
Around the same time agriculture started, by fasnoetlecting seeds from
wild plants and sowing them. Since that time adargriety of agricultural
techniques have been developed, adapted to theusagicological zones.
The next chapter will discuss these techniquesomesdetail. Climatic
changes have played a role in this history, buthmemains unknown.
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The end of the Pleistocene period (of the geolddinge scale), 20.000 to
12.000 years ago, was cool, dry and windy. The Oarias of the
vegetation zones were presumably some 450 km toStheh of their
present position. Lake Victoria had no outflow foost of the time, so the
Bahr el Jebel was a local stream. During briefqusiof overflow of Lake
Victoria, the White Nile became a large and permanieer. In dry periods
salt crusts were formed in the former river bede ®arliest remains of
human inhabitants in the Sudan have been foundngaSwhich was then
in a semi-desert zone bordering the Blue Nile. €h@=ople probably lived
by hunting, scavenging and gathering edible plandpcts.

The beginning of the present geological era, knasrHolocene, 11.000-
7.000 years ago, was probably warm and wet in théa® Khartoum
probably had the climate which Kosti has nowadaylsile Kosti had a
climate similar to Malakal today. Vegetation zomesbably were 250-400
km to the North of their present position. Grassel®nised and stabilised
previously active sand dunes. Small lakes and swamgre common
between the dunes. The forests of Jebel Marra wareof a continuous
forest in the southern part of the country. Laketdtia was very high, the
White Nile was a continuous stream and the Sudd faased. The Blue
Nile formed a similar swamp in the Gezira-areawhich much of the
present surface clay was deposited.

Since then the climate has gradually become dfiee. period 6500-4500
years before present were still more humid thepredent; vegetation zones
probably were 100-250 km North of their presentitpms The Blue Nile
became restricted to its present channel, whighaitiually incised into the
clay planes. The human population greatly increasedhis period.
Domestic cattle were introduced into Africa fromi&snd people spread
into the present deserts of N-Africa with largedseof cattle (see figure
5.13). In Sudan the area of Wadi Howar, north dbeleMarra, was
inhabited in this period. The first remains of aghiure in Africa date from
this period as well.

The next period, 4500-2000 years ago was driemagéhough still slightly
more humid than at present. Desiccation of the i@ki8ahara caused a
great exodus of people to the less arid margins tanthe Nile Valley.
Archeological investigations at Jebel Tomat neastKimdicate that people
lived here in the beginning of this period by hagti fishing, cultivating
Sorghumand owning cattle, sheep and goats. From this tinwards man
started to influence the ecosystem, acceleratiagntttural deterioration of
the vegetation due to a gradually drier climate.

For the last 2000 years there is evidence for wariffuctuations of the
climate on a smaller scale.
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The first twelve centuries AD probably were sometvider than today.

The thirteenth to fifteenth century were wetternttet present and whit-
nessed the rise of great muslim states in the Ssaleanna zone throughout
Africa. The period 1600-1850 AD was comparativelty @nd there was
much tribal movement as the vegetation declinede ®outh ward

movement of Nilotic people into Uganda and Kenyauned in this period.

1 period 1850-1920 AD was relatively wet; the Swdas hardly penetral
forests and tse-tse fly zones spread to the NtrthAzande Kingdom was
spreading across the Zairean-Sudanese border. dimdpl920-1950 has
been quite warm and dry. The 1950's were relatibelyid while the late

1960's and early 1970's were dry. All these clim8itictuations affect the
regeneration and succession of the vegetation andequently affect the
ecosystem as a whole.

Figure 5.13 Rock paintingsin the central Sahara desert (Tassili); left: game
animals probably drawi@ 000)years ago), centre: people herding cattle (probably
5 000years old), right: camel (probablg2 000)years ago) (after J. Cloudsley-
Thompson1977).
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5.8 Suggested practicals

1.

2.

Construct a foodweb for your own environment (corapiég. 5.1 and
chapter 4, exercise 6).
Figure 5.14 shows a nutrient cycle game, whichlmaplayed by 2 -10
players with 1 die. Every player acts as a minanal starts in the soil.
Each turn the number on the die shows your patbugh the cycle:
you can be taken up into plants, washed down tcstibsoil etcetera.
The first player to become a lion has won the ggmayided he or she
can explain what happens in every step of the game.
During the game you can count the number of tirmdady becomes a
plant, a plantfeeder or (plantfeeder)-feeder. Ifi ywmpare the totals at
the end of the game, you can construct an ecologicamtd. Does this
game reflect the nutrient cycle in a natural ectessy® Can the rules be
changed to make it more realistic?

The process of decomposition is essential to ttxéemt cycle. You can
study some of the factors which Influence decontfmosilf you collect

dead leaves or twigs and put them in small baglsarground, you can
follow the breakdown of this material by frequentligging up some
samples. If you use bags of a coarse mesh (say Y thmmlarger

saprobic animals can do their work as well as thallsones; if you use
bags of afine mesh (say 0.5 mm) only bacteria and fungiresth the

dead organic matter. For example: make 20 equaiopsr (weigh

them), bury 8 in the coarse mesh bags, bury 8 aityiin the fine mesh
bags; from the remaining 4 portions you determime weight after
drying (in the " intense sun); after two weeks ybg up two samples
of each type, dry and weigh them; this you repett imtervals of 2-4

weeks. What results would you expect?

Try to construct a scheme of the Carbon cycle,dypgarison with the
other cycles given.
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Figure 5.14 Nutrient cycle game (or.).

organic
matter
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6. Traditional human use of the
environment

6.1 Man and natural resources

The ecology of man can be studied just like thdoggoof any plant or
animal. The 'basic needs' can be compared withaviladable resources.
Adaptations to overcome the limiting abiotic or tiiofactors can be
distinguished. These adaptations are mainly coedermith man's
behaviour, rather than his or her structure or jghygy.

The main difference between man and the other @genis the over-
whelming influence man has on the remainder ofeit@system, far more
than any other species has. And the scale of naaigities is still in-
creasing. When ‘fishing, hunting or gathering', nséi was a consumer
like many other species. By domesticating animalshe exerted a more
pronounced effect on the biotic parts of the edesys and by
domesticating crops his/her influence extendeti¢osoil as well.

In discussing resources for human use we have dtinguish between
renewableandnon-renewableresources. Renewable resources are part of
the present natural energy flow and nutrient cycBame and fish
populations continue to provide food, as long &y #re not overexploited;
trees, foodplants and domesticated animals arenewable resource as
well, as long as their environment is kept in gebdpe; water used within
the cycle of rainfall, evaporation and flow to thea is renewable; so is
energy taken from flowing water, from wind, fronetburning of plant or
animal wastes or directly from the sun; all of thase renewable resources.
Non-renewable resources are for example mineralseaergy taken from
fossil supplies (oil, gas, coal). Usually these éhdeen part of nutrient
cycles and energy flow in former times and are m®boved in the ground.
There is only a limited supply of each of them.it9e only a matter of time
before they are depleted. Nuclear energy also w@se®on-renewable
resource.

In many cases however, it is difficult to tell whet a resource is
renewable or not, although it is very important kmow. When deep
groundwater supplies are being used, it is not ¢asyetermine whether
these are part of the current water cycle andbeilieplenished after use, or
that this water is a fossil supply, without repmmnent. Tropical forest can
be cut down for timber and replanted with fastgrayvisoft-woods, but
regeneration of the original forest would take ayving time. Many

127



renewable resources can become nonrenewable ifetivironmental

conditions are changed by human interference. &nosi the soil and

pollution of water, soil or air are clear examplggoiling the future use of

such important natural re- sources as clean watenng soil and clear air.
Behaviour forms the largest part of the adaptatiohsnankind. This is
possible because apart from the process of adaptdiscussed in section
3.5 cultural transmission of ideas and experierlegspan important role.
Some animals have a similar way of learning howde the environment
and such knowledge may be transferred from partntsffspring; for
mankind this really has become the dominant factaal and error is the
basic method of learning, but by cultural transibissiew generations can
learn from the errors of previous ones, withoutegmg them. Gradually a
body of specific knowledge of the local environméntbuilt up, of the
resources available and the ways to use them sdfere has always been
an exchange of people and ideas within the saméogical zone or
between one ecological zone and another, and nmeumyations have come
through these contacts. But of course, many inmovatdo not function
outside the environment for which they where depetb
Man learned to cope with the environmental condgialmost all over the
world by making mistakes. As long as man was actimea rather small
scale, many of these mistakes were reversible. Y#hrecent increase of
scale of human activities the scale of the mistakeseased as well, from
‘trial and error' to 'trial and disaster'.
Many ideas of 'development workers' may be suitébl&urope or other
continents, but not under African conditions.
This makes it the more urgent to learn as muchoasiple from previous
mistakes here or elsewhere in the world, to tryamd them.

In this chapter we shall consider the ways in whiwmn traditionally used

the environment of the Sudan; in the next chaptshall discuss some of

the errors and disasters of present day development

First we shall consider those pests and diseaséshwimit the use of

certain parts of the land.

6.2 Ecology of diseases limiting land-use

6.2.A. General

Along with the wide variation in climate and ecdlmj zones the Sudan

harbours many diseases. The human diseases camudidyr classified in

four major categories:

a. diseases due to malnutrition,

b. diseases due to infections by bacteria (such asc¢ulmsis) and viruses
(such as influenza),
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c. diseases due to parasites (see section 4.3) and
d. diseases due to old age (or to other reasons fty piathe body to stop
functioning).
Of course there is some interaction between thedegeories as mal
nutrition weakens the body's resistance to othsadies.
Malnutrition can be caused by lack of food, busoaby an inadequate
composition of the food.
In different ecological zones different types oémé food are used to
supply the major part of the human energy requirgsmen zones where
cassave or maize are predominant, problems of niion due to shortage
of protein are common (maize has a low contentoofies essential amino-
acids). But in every ecological zone an adequatteadin be composed from
different plant products (cereal grains such asalurmaize in combination
with legumes such as beans and with 'dark greewmedtaand fruit),
especially when supplemented with some animal psdllack of vitamins
and essential minerals usually is the result ofiabalanced, monotonous
diet. This is more common in towns than in ruradaas. Lack of iodine in
the drinking water leads to goitre in some areas.
Diseases caused by bacteria and viruses often thaveharacter of an
epidemic new strains of the disease spread rapidly througthe human
population. Usually the body is able to developmarf of resistance after a
while, which is efficient until a new strain of tloksease has been formed,
Diseases of this type have a rather weak relatipngith the environment;
the climate can have some effect on them.
For the diseases caused by parasites the ecolwoglatibnships are much
clearer, often because their intermediate hostgeotors (see section 4.3)
have definite ecological requirements. This caddrmonstrated by listing:
— Malaria: the vector, the malaria mosquito is restrictedstagnant
water.
— Bilharzia: the intermediate hosts, snails, are restricteghetonanent
water, with enough waterplants.
— Kala-Azar: the vectors, sandflies, are restricted to the Bastern and
South-Eastern parts of the Sudan.
- River blindness the vector, the biting black fly, is restricted t
streaming water.
— Trypanosomiasis the vectors, tse-tse flies, are restricted to sinoi
savanna habitats.
- In the case ofamoebic dysenterythe parasite depends on moist
conditions for an efficient dispersal.
In this section we shall concentrate on two groapgarasitic diseases
which restrict land-use. Many other diseases affeet human labour
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potential but usually not to the extent that laageas remain uninhabited.
Trypanosomiasis and river blindness however, doehswch an effect.
Trypanosomiasis prevents cattle-keeping in largasrwhile river blind-

ness prevents the use of fertile river valleys.
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6.2.B. Trypanosomiasis

The two main forms of tryponosomiasis each havé tlypical species of
tse-tse fly as a vectorrypanosoma rhodesiengeausing nagana in cattle)
is transferred byslossina morsitans; Trypanosoma gambiefesising the
main form of human sleeping sickness) is transfelneGlossina palpalis.
G. morsitansis a tse-tse fly of woodland savanna while galpalis is
restricted to denser, wetter forests near the Gdafgo watershed,
protruding into the savanna along rivers. Fig. hbws the distribution of
the two species in the Sudan. In the true floodphai tse-tse flies occur.
The life-cycle of a tse-tse fly is different fromat of most other insects, in
that only a single egg is produced at a time. Egg develops inside the
body of the female until the mature larval stagmdiitting from maximum
protection by the mother. When the larva is matitirss deposited in a
moist, shaded place: under the shade of a tremrlogck. The substrate on
which the larva is deposited must be loose enooglthe larva to burrow.
After burrowing the larva pupates and after aboune@nth an adult fly
emerges and starts looking for large herbivoresisbireptiles or humans to
obtain its blood meal. It has to feed about ongeryefour days, may live
for two or three months and the female flies pomdtwo to three young
during each month of her life. Because of this low reproductp@ential
hands-catching

of flies has better prospects as a simple way ofbaiting the fly, than for
most other insects.

The tse-tse fly can breed throughout the year exaephe height of the
rains.

The flies increase in imber mainly
during the early rains, when climate,
availability of food and sites for
larviposition are more favourable. In
the dry season the fly population is at a
minimum, restricted to certain limited
areas where the vegetation provides a
suitable micro-climate. Such places are
called 'permanent breeding places'. -
Tse-tse flies feed during the day and

find their host primarily by sight and
secondarily by smell. They are
attracted by movement, rather than bM:igure 6.1.A.Tse-tse fly
form of the body. Some of their most reproduction

suitable feeding sites are alongside




roads, paths, banks of rivers and streams and Vhates. At such sites
concentrations of their food sources are common.

The life-cycle of the Trypanosoma parasite has b&ewn in fig. 4.13.
Human beings can carry the disease without beinfgctafl. Such
individuals may act as reservoirs of the paradfe: the cattle disease,
various wild herbivores can act as reservoirs.

Sleeping sickness has been reduced in intensigohirol programs in the
first half of this century. To enable easy access ffequent medical
inspection, the population over large areas wasgethl to leave their
villages and to resettle along the roads. Sometimeameant that they had
to abandon the areas with the most favourableasoilwere forced to live in
places of much lower soil fertility. Later peopleowed back to their
original sites. During the civil war (1956-1972)etlsleeping sickness
problem has intensified again. Recently the disdasespread in Eastern
Equatoria, around Torit.

The control of the cattle trypanosomiasis is anartgnt economic problem,
as at present an area of possibly 230.000 squarenkires is almost devoid
of cattle because it is occupied by tse-tse filetarge area to the North of
the main tse-tse area suffers from sporadic outlreaf -cattle
trypanosomiasis, with other biting flies as vectoFsg. 6.1 shows the
distribution of ‘surra’ as well, another cattlsedise transferred by biting
flies.

The most successful control of tse-tse flies isiietd by radically changing
the environment. As the flies depend on shaded dsugbr reproduction,
deforestation of large areas can free these areas dattle diseases. This
has been done around Kajo-kaji. But obviously saigheasure has effects
on many parts of the ecosystem.

A major problem to the use of drugs for curing tiadtle diseases is the
resistance developed by the parasite. The evolatfaesistance has been
promoted, especially because large amounts of dangsused in doses
which are too low to kill off the parasite popudati

6.2.C. River blindness

River blindness (or Onchocerciasis) is caused byeaatode worm
Onchocerca volvulusind is transmitted by the biting black Simulium
damnosumThe disease is common in Southern Sudan, as shofig 6.2.
The vector occurs along rivers as the larvae depenthst-flowing water.
In the Southern Sudan the flies breed from AprilMay to December or
January at the rimes of heavy river flow. The flacur in the Northern
Sudan along the Nile, breeding from October untiri\ after the Nile
flood and before the hot season. The parasite hasoee restricted
distribution than its vector.

After infection the larvae of the nematode wormgnaie inside the human
body and collect on certain sites, under the skim @oint capsules,
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especially around the hip joint or on the head ahdulders. Here they
reproduce and the embryo's wait underneath the f&kiningestion by
Simuliumflies. Blindness (due to invasion of the tissueghef eye by the
embryo's) develops only after a heavy and prolorigésttion. Blindness
only occurs when there is excessive biting by ma&ignulium flies.
However, it has serious con- sequences, as theityi@f rivers would be
excellent agricultural land, if not for the presertf the disease.

6.2.D. Effects of development on prevalence of desses

A few remarks may be made anticipating the nexptgraon the effects of
development on the occurence of diseases. Two nd@eelopments are
important: irrigated agricultural schemes and uidstion.

In irrigation schemes the presence of permanenerwat the canals
promotes the chances for Malaria-mosquitoes andlsstignsferring
Bilharzia. The effects of urbanisation are more pbrated. Malnutrition is
common in urban areas because of a monotonousAdiet. people tend to
change their staple-food when living in urban ar@adished rice and white
wheat flour commonly eaten in towns, lack essenitaimins and proteins,
as the rich germs have been removed from the grairf@oor hygienic
conditions in crowded urban areas promote the d@samar all kinds of
diseases. Spreading from one human being to anistimeuch easier here
than in rural areas, due to the higher populati@msdy. Amoebic
dysentery, Cholera and Gastroentritis can theredpread easily in towns.
A more complicated case is the Plague-virus trattedhby fleas from rats
to man.

6.3 Gathering, hunting and fishing

6.3.A. Gathering plant products

In some form or other a large number of all thenfdain each of the
ecological zones can be used by man. Many trees &dible fruits, seeds
or gum (see table 6.1 for some local examples),ynggasses have edible
seeds (table 6.2), the leaves of many herbs, slandbsrees are edible and
many plants have tubers, storage roots or bulbshwmtén be eaten in the
dry season. Many of these wild plants still playimportant role in human
nutrition, especially during droughts or shortagésther food. They often
help to provide variation and add important vitasnamd minerals to an
otherwise deficient nutrition.

In drier zones gourds and melons and other frditdhe Cucurbit family
form an important source of water in the dry sedsorman and domestic
animals.
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Table 6.1 Some examples of trees which providdesfiibts or seeds

Code for ecological zones: | = desert, Il =low falhsavanna, Ill =intermediate

rainfall savanna, IV =high rainfall savanna, r erad watercourses
Scientific name Local name Ecologi-

cal zone
Palmae:
Phoenix dactylifera date palm; Nakhla (A.) Ir
Phoenix reclinata Kinge (Z.) \
Borassus aethiopum fanpalm; Doleb (A.); Agep, Tuk (D.); llir
Wawuki(B.); Olcwa (Z2) I, r
Hyphaene thebaica dom palm; Dom (A.); Taam (D.), Nyieth
(D)

Anonaceae: Anona senegalensis Apinrot (D.); Bogora (Z.); Lomudi (B.) v
Capparidaceae:
Crateva adansonii Dabkar, Urn Bukesha (A.); Kait (D.) I, 1
Boscia octandra Mokheit (A.); Fog (D.) Il
Courbonia virgata Kurdan (A.); Daya (B.) [}
Capparis deciduas Tundub (A.); Naugot (Sh.) [}
Ochnaceae: Lophira alata Tanga (D.); Zawa (Z.) v
Myrtaceae: Syzgygium guineenseSanambiri (Z.); Kula (J v
Tiliaceae: Grewia tenax Gaddeim (A.); Apor (D.); Tireye (B.) I, 1, vV

Ulmaceae: Celtis integrifolia Tutal (A.); Bakka (B.) Il
Bombaceae: Adansonia digitata baobab-tree; Tebeldi (A.); Dunydud (D.) 1
Caesalpiniaceae:

Piliostigma reticulata Abu Khameira (A.); Pac (D.); Dagpa (Z.) lll, IV

Tamarindus indica Ardeib (A.), Cuei (D.), Abanza (Z.) I, v

Mimosaceae: Parkia filicoidea  Umrashad (A.); Akon (D.), Abongba (Z.); IV
Muluti (B.)

Papilionaceae: Cordyla africana Donyduak (D.) \Y

Moraceae: Ficus sycomorus wildfig; Gameiz (A.); Ngap (D.); Kuyi I, llir
(B.)

Salvadoraceae: Salvadoratoothbrush tree; Arrak, Sac (A.); Acuilll, lll, IV

persica (D.); Kurreh, Lupari (B.)

Olacaceae: Ximenia americana Kalto, Alankuwe (A.); Melat (D.); Lama Il
(B.)

Rhamnaceae: Ziziphus mucronateBidr, Nabak (A.); Lang (D.); Lujbati (B.) Il

Simarubaceae: soapberry tree, desert date Heglig (A.);

Balanites aegyptica Tnau (D.); Lallik (B.) I, 1

Anacardiaceae: Sclerocarya Homeid (A.); Akarnil (D.) 1

birrea

Ebenaceae: african ebony Abu sebela, Jukhau (A.);

Diospyros mespiliforrnis Cum (D.); Kumi (B.) I, v

Sapotaceae: sheabutternut; Lulu (A.); Rak (D.);

Butyrospermum niloticum Kumuru (B.) v

Loganiaceae Strychnos spinosa I, v

Oleaceae: Olea africana brown olive; Badda (A.) [}

Boraginaceae: Cordia africana  Sudan teak; Gambil (A.) [}
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Verbenaceae: Vitex doniana Kurain, Abdugulgul (A.); Konink (D.) I, 1

Table 6.2. Some examples of wild grasses witheditalin

Scientific name Local name Ecological
zone

Eragrostis pilosa Am Hoy, Kwoinkwoin (A.); Nua (D.) I, lll, IV

Dactyloctenium aegypticum Koreb, Absaba (A.) I, 1, v

Oryza barthii Am belele, Ruz (A.); Lop (D.) Iir

Panicum laetum Kreb (A.) I, 1

Echinochloa colonum Defera (A.); Akuath (D.) I, 1

E. pyramidalis Urn Suf (A.); Kam (D.) Iir

Brachiaria obtusiflora Urn Khirr (A.); Ajoak (D.) [}

Cenchrus biflorus Haskanit (A.) I, 1

The Baobab tree (Tebeldi, A.) is used for storingkdng water. A large
number of plants is traditionally used for theiglhimineral content. After
burning them, man uses the ash as salt for cooingreserving food.
Some plants contain enough soaplike substancesusdd for washing.

One of these plants, the SoapbgPhytolacca dodecandrayas recently
identified in Ethiopia as an important killer ofasls in bathing water. After
the introduction of synthetic soap, replacing thee wf soapberry the
incidence of Bilharzia increased enormously. Thaitér of Balanites
aegyptica(Heglig, A. or desert date, fig. 6.3) also contsirbstances which
can kill watersnails (as well as waterfleas whiemsmit the guineaworm, a
human parasite).
As the fruits of the desert date are bitter it @neon practice e.g. in the
floodplain to soak the fruits in water before egtthem. The fruits ripen
during the dry season when water levels are rédherSoaking desert dates
in these comparatively small pools may be sufficiem kill the snails
potentially transferring Billiarzia.
Many plants are used in traditional medicine andchynathers supply
building materials, firewood, ropes or materials ¥eeaving baskets and
making other utensils (calabashes). The very Iigbbd of Ambatch
occuring in the floodplain is used for making ratts fact, in many areas
there are few plants which man has not learnedst in one way or
another. This knowledge is an important part of ¢héure and it is in
danger of disappearing when formal school educatmaces traditional
education.
When the human population is still small, the uglant parts does not
really damage the vegetation. However when pomuradiensity increases
people have to care for these useful plants. Sparseful trees when land
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is being cleared for cultivation is the first st&y. actually planting them or
promoting their growth, man is 'domesticating’ pdafsection 6.5). Many
of the wild plants mentioned in this paragraph rhigicome of further use
by the process of domestication through selectfaheobest varieties.

A tree which has been introduced into Sudan earlthis century as
ornamental now plays an important role in villagmitation. The tree,
Moringa oleifera (fig. 6.3) is locally called 'Shagra al rauwag' )(Ar
‘clarifier tree'. Seeds of the tree are powderatiraixed with turbid water
taken from pools or rivers. When left for some tuthe water will
become clear, all solid particles (including germf disease) being
collected at the bottom of the pot. This fact wescavered by Sudanese
women, probably extending upon the use of broad$étul masri', A.) for
the same purpose. In other parts of the world gpkents are used for the
same end, but none is as poteniviasinga.

6.3.B. Collecting anima] products

Man traditionally is an opportunist, taking all apfunities for collecting
edible products. A large variety of animal producaés be collected: eggs
of Ostrich and Guinea-fowl, some species of snhitsjsts and the termites
which swarm after the start of the rainy season.

Honey is an important product in the richer savarmaes and the forests.
It is collected from wild nests, sometimes with tmelp of Honey-guide
birds (section 4.5) or from bees attracted intchbess.

Figure 6.3 Trees important for village sanitation: ABalanites aegyptiacaB.
Phytolacca dodecandrashich occurs in the Imatong Mountaing. Moringa
oleifera.(see text). (C. after Samia El Azharia Jahn).
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In the majority of beehives used the bees are kgahnd many are killed by
smoke before the honey is collected. The fire usedburning out trees to
collect honey sometimes gets out of hand and tblisation of honey is one
of the sources of uncontrolled bush-fire. The mgjlof full grown trees, just to
collect some bottles of honey is wasteful anywayinhproved beehives the
bees can be kept alive and then may be considereldraestic animals (fig.
6.4).
6.3.C. Hunting
Fire is an important tool in traditional hunting.i$ used to drive animals
into nets or towards hunters waiting with spearbdawv and arrow. It can
also be used to create favourable grazing conditinrthe dry season for
herbivores which can then be easily shot. For trappr catching animals
a good knowledge of their behaviour is essentiahr&s, traps, nets and
pits are especially used in heavy forest. If speaid bow and arrows are
used these tend to be smaller than the ones usetr@ open savanna
country. Certain plants and the cocoons of a baetfebe used as arrow
poison.
As long as the human population remains fairly §niedditional hunting
does not seriously affect most game animals. Baitintroduction of fire-
arms and poaching for special products (ivory, shirorns) has changed
the situation considerably.

6.3.D. Fishing
Fish is an important source of protein in the dietany people, especially
as it can be preserved by simple means such asgdiginoking or salting.
Table 6.3 lists some of the most important edilidd Species. Different
techniques are used for fishing, but most fishexgane in the dry season,
when flood waters recede and rivers dry up inttatsa pools.
In the flood region fishermen make use of the nt@samovements of the
fish. Fish enter the toic during the early rairproduce in the shallow

Figure 6.4 Bee keeping in Africa.

1. Traditional split, hollowed out log hive, hanging & tree out of reach of fire.
warming of wax (indirectlyn water) to harvest this important by-produ&;the
african honey beelpis mellifera adansonia) queen, b) worker4. honey-guide
showing a swann of be€s; Kenya top bar hive, with movable top-bars on which
the bees make combs with either brood or honeyslilyge of the sides has to be
around65°to prevent the bees from luting the combs to ttlessithe bars have to
be exactly32 mm, otherwise the bees may ffillthe remaining space with wag;
modified African long hivegin which honey-chamber and brood-chamber are
separated by a 'queen excluder' from which comhkf wure honey can be-
collected, without disturbing the brood. (variousisces.)
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Table 6.3. Some important edible fresh water fish spezi¢le Nile and Sudd

Scientific name Local names Habitat Main food
A. D.(Bor) Sh.
Bagrus Bayad, Alau, Adwar Sudd insects, fish
Citharinus Betkoya, Apurot, Othago Sudd plants, small prey
Clarias Gatmut, Attek, Cogo Sudd plankton, fish
Gymnarchus niloticus Weer, Rial Mok Sudd Custaceans, fish
Heterotis niloticus Nok, Lek, Olak Sudd seeds, molluscs
Mormyrus sp. Khashm el Ashambil, Adolalok  Sudd plants, insects
banat,
Protopterus aethiopicum Samak el teen, Luth, Luth Sudd molluses, fish
Alestes sp. Kawara, Nyang, Kodo Nile plants, insects
Clarotis sp. Bamseka Nile insects, fish
Distichodus sp. Kraish, Aciar, Caw Nile plants, insects
Labeo sp. Dabs, Ukuro, Acang Nile algae, mud
Lates niloticus Igle, Cal, Gur Nile Fish
Synodontis sp. Gargur, Nogk, Okok Nile plants, molluscs
Tilapia sp. Bulti, Aturo, Odweko Nile plants, insects

waters and return to the main channels at the stdhie dry season. Elaborate
systems of dykes are sometimes built, with narrpenings containing traps.
Much fishing is done after the floods have recedrd fish are left in small
ponds (fig. 6.5). A special skill is required tandi the lungfish which have
burrowed in the mud; early in the dry season tlhe&athing holes can be
recognised visually or by sounds which the fish enekresponse to scraping a
finger over a calabash. More specialised fishermerk along the permanent
rivers, using a variety of nets.

Along the Blue Nile fishing activities are strongigfluenced by the flood
seasons and the migration patterns of the fislAplil and May the Nile perch
migrates downstream from the Upper Blue Nile toseeally flooded
spawning areas. Adults and young return to ther vl migrate back to the
upper reaches before the water level falls. Dutiregdownward migration the
water is clear and the Nile perch can be caughtdoks, usingTilapia and
Labeoas bait. On the return migration the water is wirfnd catfish such as
Clarias are used as a bait, as they stay alive in muddgmwéfhen the Blue
Nile carries much silt, many Nile perch die becathssr gills get blocked by
silt.

Traditionally much fishing was done with the help pmisonous plants.
Table 6.4 lists some of the plants used. Thesenaialy used in shallow
streams or pools, and kill or stupefy the fish. Maisthe poisons used are
dangerous for man, although they kill most typesvater-organisms by
soap-like substances. Of course fishing by theadfiggoison is extremely
destructive for the fish populations as all thenguare killed as well. It is

prohibited by law, but it is still practised.
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Figure 6.5 Traditional fishing techniqueis the floodplain during the dry season:
a. trapping fish when the floodwaters are retregtim a weir (rok, D.); b. fishing
spear (bith, D.); c. net, used by two women inlsiapools (alom, d.); open-
bottomed basket for catching fish in shallow wétkoi, D.). (or.).
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Table 6.4. Some examples of plants used as fisopoi

Family Species Local names growth part(s) Distri-
form used bution
Thymeleaceae Lasiosiphon Bururu (Golo) herb roots 1]
kraussianus
Euphorbiaceae Huggea virosa Dabalab (A.) Shrub Bark 11, 1
Calotropis procera  Usher (A)), shrub fruits, I, 1
Apabuong (D.) leaves
Mimosaceae Prosopis africana  Abu surug (A.); Jier tree pods I, v
(D.);Zangare (Z.)
Papilionaceae Tephrosia vogelii  Dawa na Samaki (A.) shrub Leaves \
branches
Mundulea sericea Shrub Seeds I
Leaves ]
Branches
Neorantanenia Jekoro (Golo) climber Roots 1]
pseudo-pachyrhizos beans
Simarubaceae Balanites aegypnca heglig (A.); Thau D.); tree Roots 11, 1
Lallok (B.) bark
fruit
Meliaceae Khaya grandifolia  Bogu (Z.); Kiyir (B.) tree bark \Y)
Sapindaceae Paullinia pinnata climber Seeds, roots IV
Apocynaceae Adenium obesum desert rose; Sim amar shrub roots \Y,
(A.) Loreng (B.)
Rubiaceae Lachnosiphonium  Kharum, Abu marfein |
niloncurn (A.); Aghei (D.);
Kuluji (B.)
Abbaha, Abu gawi Shrub Fruit 1]
Gardenia lutea (A.); Dong (D.); Du- shrub fruit I, vV

pin (B.); M'Begge (Z.)

6.4 Keeping animals

6.4.A. Domesticated stock: limiting factors

Camel, sheep, goat, cow, donkey, horse and chickestitute the main
domesticated stock. Their ecological requirements quite different.
Camel and sheep are best adapted to arid conditioeg stand the heat
and sandstorms better, need less water and trgkiahstances than goats
and cows. Cows need drinking water every otheratay therefore cannot
graze more than 4-8 km away from watering pointsthie cool season
camels can go without drinking water for 2-3 weaksl in the hot season
still for 3 days.

Camels and goats are browsers, feeding mainly mbshbushes and trees.
Cows and sheep are grazers, mainly feeding on egaasd herbs. In
accordance with the principle of niche differentiatto avoid competition
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we find mixed flocks of either camel and sheephi& drier areas or cows
and goats in the wetter parts.
Food supply, food quality, water supply and diseasdkecan act as limiting
factors in the distribution of domestic animalsthdlugh the amount of
plant growth increases with rainfall, the quality these plants may
deteriorate. The quality of the fodder is usualgstbin the areas of low
rainfall and decreases as we move South. Figuresi@o@is the seasonal
pattern of grazing quality of the natural vegetatio four ecological zones
in Mali, West Africa. For the Sudan the conclusigmebably are valid as
well. The low biomass of the Northern Sahel zonaastly of good quality
and high protein content. The high biomass prodaatn the rich savanna
zone is of good quality only at he start of thesaiLater on, hard stem and
leaves are present with a low protein content apd@ grazing quality.
The importance of flood plains (compare tiéc's) in supplying good'
guality forage is evident in these data as wellrmiBlyg the vegetation
destroys much biomass, but results in young grikigb grazing quality.
In the desert with an average rainfall of less tBBnmm only occasional
nomadic grazing of camels is possible. The herde la search for the
places where rain fell that particular year, asfedi is very much localized.
The herds travel several hundreds of kilometersypar. In areas with 50-
100 mm of rain on average, nomadic camel-keepirtly some sheep is still
the only possible use of the land. Fifty ha or maeneeded for one
livestock unit (the equivalent of one cow or sesbrep).
In regions with 200.400 mm of rain the requiremfentone livestock unit is
still in the order of 10-15 ha and where there(G8-600 mm of rain 6-12 ha
is necessary. When the rainfall exceeds 200 mnfeckéteping becomes
possible, provided there are water points.
In the region with over 600 mm of rain diseases famdge quality become
the main limiting factor, rather than shortage obd or drinking water.
Biting flies are the main reason for cattle migvat here. The main disease
is 'nagana’ or trypanosomiasis, which is transferby the tse-tse-fly
Glossina morsitangsection 6.2). Other biting flies, mosquitoes aiutks
are additional factors limiting the use of the wetgrazing land. In the
floodplain the limiting factor usually is the awaiility of non-flooded
grazing land in the wet season, although dry segsaring land may be in
short supply as well.
Corresponding with the different limiting factorsye find two main

ecdypesin the domestic stock of the Sudan.
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Figure 6.6 Biomass development over the year indoological zones,
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1983).
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The Baggara cow, desert sheep and Nubian and desgron the one hand
are mainly adapted to heat, lack of water and dodf the nilotic cattle,

sheep and goats are resistent to diseases andandhwet and muddy
conditions. Neither can live in the environmenttloé other. Horses and
donkeys are generally not resistant against thés pexd diseases of the
wetter areas and are mainly restricted to the Nonthparts. Chicken are
kept in all ecological zones and they are importantusing all kinds of

waste products, helping to keep compounds arouadhtiuse clean. In
some areas chicken are only left to breed theis égdhe season that the
kites are absent.

6.4.B. Seasonal movements
As the environmental conditions vary, movementsvarious scales are
necessary. Completsomadic movements throughout the year constitute,
the only way of using the scarce resources, of @dgguality(!), of the
fringe of the desert. The animal owners do not reyermanent place of
residence, although the movements are far from amnénd people
generally move in regular cycles, modified by th@nfall pattern of that
particular yearSemi-nomadicgrazing is the sytem in the next zone, with
more rainfall. The animal owners have a permanéamtepof residence
where they grow crops. But for long periods of ylear they travel with
their nerds to distant grazing aredganshumanceis the system in which
farmers with a permanent place of residence seaid tierds, tended by
herdsmen, to distant grazing areas for long pembddsne.
The main limiting factors in the Northern and Caht8udan are water and
grazing, and this explains the pattern of movemehig. 6.7 shows the
patterns of movements of the Zaghawa, who livemoftJebel Marra, on
the border with Chad. They keep camels, sheep,sgaatl cows. The
camels and sheep make the longest movements. tAétestart of the rains
they disperse into the Goz, where grass starts iggpwand water is
temporarily available. After the rains they go éonporary pools and graze
in their vicinity. Some of the camel herds go Ndrththe cool dry season to
use the giza-grasses, growing with dew as theiemsapply (section 2.1).
They travel far and come back when the hot dry@easarts. During that
season all animals concentrate around the few pemavater points. The
goats and cattle are kept closer to the water paiihtyear round.
During the dry season especially trees can be aoriant source of food.
Pods ofAcaciatrees, which are very nutritious, are shaken othefrees.
Sometimes branches of trees are chopped to thedtouprovide grazing
as well.
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Figure 6.7 Seasonal movements of the Zaghawa, North of JehebMvith their
flocks of sheep and herds of cattle (from MJ. AnBubiana,1977).

The Rizeigat cattleherders on the border of Bai@gtezal Province move
Northwards after the rains have started and theymeao the South in the
dry season. Thus they escape the mud and bitieg dif the rainy season,
they make use of the good quality grazing areas thrgl preserve the
grazing near the permanent waters for later use.

Similar movements are made by the Butana herdsrintre dcastern Sudan,
who disperse over a wide area during the rainyseasd concentrate
around the rivers and move South when the poolshaliow wells dry up.
The migration patterns of Nilotic herdsmen (Dinkdyer, Shiluk) are
shown in fig. 6.8. The map shows that the tsefyskniits the use of higher
land, In the rainy flooded season cattle are kepttle fringe of the
Ironstone plateau and on isolated bits of highed la
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The best parts of this land are used for cropscatite often have to graze
on the flooded intermediate land. Keeping the eattincentrated in small
areas has the advantage that the grass is kept amabrthus young and
palatable. Also predators such as lion and leogetdess chance than in
tall grass. In November the old grasses on therimdiate lands can be
burned to get fresh regrowth. During the wet seasdtie are kept in large
cattle byres (or luak's) at night, from which masoes are repelled by the
heavily smoking fires of dried manure. In the temgpg cattle camps during
the dry season fires are burned as well to keemuimes and wild animals
away. When the floods gradually recede during the sttason the cattle
follow the water towards the main channels.
By trampling the tallEthinochloatoic along the rivers they stimulate re-
growth of young grass (compare the grazing sequehfig. 4.4). The toic's
along the river can be used during the dry seaSbthe three types of toic
mentione4 in section 2.4, tliechinochloatoic of the heavy clay soils is by
far the most important one for grazing. TiRBragmitestoic is unpalatable
and theHyparrheniatoic only provides a small amount of green regrowth
after burning. The use of intermediate grazing lentthe dry season is often
limited by lack of drinking water. Grazing animdisre concentrate around
hafir's, natural or man-made ponds collecting rain or gdowater. The
grasses of the high lands, suchSasariaprovide hardly any regrowth after
burning.
In all cases pastoralists need an elaborate knoeledl their environment
to find good grazing lands and drinking water ih s#asons. What may
seem random movements at first, usually follow dixpatterns, with
traditional grazing rights for each tribe and clalerdsmen often have an
extensive knowledge of plants or plant communitieswing which ones
are palatable, which ones poisonous and which plaerdy cure certain
mineral deficiences developed by deficient grazimgart of the cycle.
Many plants are used to cure animal diseases.

6.4.C. Regulating herd-size

Animals and especially cattle traditionally playttole of capital reserve,

as they can be kept and exchanged more easilyctbarsurpluses. In years

of poor crop harvest they are exchanged with neighibg agricultural

tribes.
But animals can suffer in dry years and a numbecaftagious cattle
diseases such as the rinderpest introduced intgaA&t the end of the last
Century, or ‘foot-and-mouth’ disease are partibuldangerous. Often the
animals of one owner are distributed over seveeafl$1to spread the risk.
The herd size is always a balance between manpevedeable to herd them
and the resources available for grazing. The mueeanimals disperse, the
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fuller use they can make of all resources, but te¢piires more people to
guard the cows.
Exchange of cattle is an important social event, asda side effect, also
helps to prevent inbreeding in the cattle herds.
Maintaining a high genetic divesity in the popudatis a form of spreading
of risk, by keeping traits in the population whigtay unexpectedly prove
valuable on later occasions. To some extend it seasnif the system of
paying dowries couples the regulation of the humapulation size to the
animal population size. Human reproduction is thelated to the carrying
capacity of the environment.

6.5 Growing crops.

6.5.A. Domestication of crops
From collecting wild food plants such as grass sewdubers it is quite a
small step to start creating favourable conditiforsthese plants. Usually
this means one has to stay in the same place ftgaat one growing
season, but not necessarily. Some nomadic herdstifignst sow seeds of
quickly maturing grain in wadi's on the fringe bktdesert and return only
after the growing season has ended to see whéther has been any rain
and whether any crop was produced. This may wef Heeen the start of
domestication of crops. Domestication generally ascomplished by
artificial selection (as opposed to natural seteqti By always keeping the
best plants as seed for next year man can accampligenetic change
towards higher production of the edible parts.
Sorghum (Dura, (A.)), Pennisetum(Dukhn, (A.), Bulrush millet) and
Eleusine(Fingermillet) originated from wild grasses ingtpart of Africa
and their wild relatives are still around. Sesar&mg¢sim, A.), Lentil
(Addis A.) and Yam are of African origin as wellr@sindnuts, maize, sweet
potato and cassave were all domesticated in therida'® and spread into
Africa after the 15th century, finding comparableolegical conditions
here.
Of all these crops many local varieties were dgyedlp each adapted to the
varying conditions of soil, climate, length of dayd diseases present.
There still is a large potential for improvementhiese varieties. Also there
still are many possibilities of domesticating otkieeful wild plants. But in
order to keep this possibility, we have to be adrif preserve these plants
for future generations. This can be only be done prgserving
representative parts of their environment as naeserves (see chapter 9).

6.5.B. Growing a crop
Many crop plants are grown outside their naturalagical range, in places
where they would not survive competition with oth®ants, if not for
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human interference by ‘weeding'. The artificiabs@bn is directed towards
producing more of the edible parts, rather thanatolw improving the
competitive strength. In most wild grasses the sasasily disperse when
ripe; but in domesticating these grasses, seletdioured the plants which
keep their seeds in the plume or ear until aftevest.

Many tuberous plants contain various poisons tdegtahem from attack
by animals. The wild yams found in the rich savaforaexample lead to
vomiting if you try to eat them. Only prolonged kivay or cooking makes
them fit for human consumption (like the bitter €age). By cultivating
varieties with less poison, the plants lose thefedse mechanism and now
need human protection from other consumers. Saltimeesticated crops
became completely dependent on human activitiesreating a suitable
environment for their growth in between other pta(dgo-called 'weeds"),
for their seed dispersal and for their protectimnt consumer organisms
other than man (so-called 'pests and diseases').

Most crops are essentially pioneer plants, withigh lgrowth rate, short
lifecycle and poor competitive strength. Land habe cleared from other
plants cover before crops can be sown and aftesmardtinuous weeding
is necessary. But by doing all this, man is greattanging the local
ecosystem and may easily lose important functidnthe natural system,
such as nutrient cycling and protection and bupdstithe soil.

After a few years of cropping the system usually deteriorated to such an
extend that new plots of land have to be clearedih@ first plot of land
the natural process of succession can get a chatieh may in the long
run lead to a savanna or forest vegetation, depgrati rainfall conditions.
Real natural rainforest may take hundreds of yeargsegenerate; the
impoverished forest which develops after cultivatis called secondary
forest.

6.5.C. Reasons for shifting

The main reason for shifting to a new plot of andhat the yields are

declining, or more precisely, that the amount ofkuwecessary to improve

the yields on the first plot is larger than the amoneeded to clear new
land. The decrease in yield, as shown in fig. 68y rmmome from three
factors:

1. Nutrient shortage. The nutrient cycle of the original ecteyshas
been broken up, because the nutrients in the hadegarts are
removed from the land without being returned.

Equally serious is that the root systems of th@snasually develop too late
in the rainy season to prevent nutrients from leagho deeper soil layers,
with the first heavy rains. Trees normally actragrient pumps', bringing
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Figure 6.9 Decline of yields of crops in shifting cultivatiagriculture, when the
soil is used for several years. (from: Ruthenb&8y,6).

leached nutrients to the surface with their deegsystems. But the trees
have been removed from the land.

2. Loss of soil structure In a natural vegetation the soil is protected by
some form of plant cover, dead or alive throughtbgt year. In crop
fields man exposes the soil to sun, wind and raircénsiderable parts
of the year, before the crop has formed a compteier and after
harvest time.

The direct radiation of the sun on the soil leada trapid decay of the soil
humus, which is important for a good structurehaf $oil. Raindrops falling
on plants are scattered and can penetrate in thasstong as the surface
structure is loose. But without plant cover thendadops of heavy tropical
rainstorms compact the surface, hence cannot pe@etnd will -run off

superficially. This run-off leads to sheet erosifithe soil, especially the
fertile upper layers of the soil are lost. Losssofl structure and erosion
both lead to a reduced storage of water in the soilthat the crops suffer
from drought.

3. Weeds, parasites, pests and diseas@$ie conditions of the field are
not only favourable for the crops, but for otheon@er plants as well
(weeds). The crop plants themselves provide a rielnerfor parasites,
insects, nematodes and other 'pests' and for aerat viruses causing

150



diseases. When a new plot of land is cleared, edjyei€ it is far away
from previously cropped land, very few of theseamigms will be
present and it will take some time before they nehe area, depending
on their efficiency of dispersal. But after a whilleese organisms
gradually build up their populations, once croppivag started. Usually
they become a serious problem after the first drappeason.
In Dura it is the half-parasitic weestriga (Witchweed, Buda (A), Loreng
(B)) which causes the most serious problems (set@®se3.4). Once a large
population of seeds has formed in the soil, thesels can remain dormant
in the soil for at least ten years, waiting for firesence of a suitable host
plant root to start germination.
Several plants are very well adapted to the canultiof the cultivated land
and become obnoxious weedSyperus rotundugNutgrass) possesses
rhizomes and corms with which they survive the skegson; and these are
not easily destroyed by cultivation, and nutgrascomes abundant,
especially on clay soilsimperata cylindrica(Speargrass), mentioned in
section 4.1 for its allelopathic capacity, also Hagomes which can be cut
during cultivation, but not destroyed. Both thetnts are outrivalled when
natural succession is left to occur.

6.5.D. Shifting cultivation or crop rotation
Probably some form of 'shifting cultivation' hassbehe oldest method of
cultivation all over the world. Land is cleared aotbpped for a few
seasons and then the people move on to new lantbrnfsas the human
population is small there is plenty of suitabledaand it will take a long
time before the cultivators ever come back to trevipusly cropped land.
But as the number of people increases, they willeback to the same plot
earlier, perhaps even before the natural successiened to the climax
vegetation. A more or less regular alternation corimeo existence of
cropping and periods that the land is left to regate as a fallow. Fig. 6.10
shows that soil fertility can be fully restoredtlife land is left fallow for a
long time (at least 10-20 years); if not the systeftapses progressively.
Systems in which the land is cropped for 1/3 todf/Bhe time are called
‘fallow-systems'. We can speak of bush fallow, sagafallow or grass
fallow according to the type of vegetation. Whee fhiessure on the land is
further increased, the duration of the fallow isttier reduced to only a
small portion of the crop rotation and we speakpefmanent cultivation
when crops occupy the land for more than 2/3 otithe.
Quite often the situation is complicated furtherantthere are two types of
cycles. Around many villages some form of fallovstgm is employed in
which the duration of the fallow is not sufficieotrestore the fertility of the
soil completely. Because of various social reag@ople like to live close
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together and therefore they may not have enougt iarthe vicinity to
allow for long fallows. When the soil around the ol village has
deteriorated, say after one generation, the whileege will move to a new
location. The system used can be described as #unmmiof shifting
cultivation (the long cycle) and bush fallow (thesg cycle).

As explained here, more permanent cultivation itallg a response to an

increased pressure on the land, but it is onlyiplesg measures are taken

to prevent the loss of soil fertility and the ingse in weeds during
cropping. As regards the problem of nutrient shluetahe following
practices can facilitate more permanent cultivation

[0 Choice of land clay soils contain a larger store of nutrientntisandy
soils, so it will take a longer time before nuttishortages will appear.

But generally the poor drainage of the clay soilseg problems and
cultivation is more difficult than on sandy soilsjth the simple tools
available.

O Recycling wastesA close approximation of a natural nutrient cyisle
possible when the fields lie directly around themiestead and all
human wastes go back to the fields. The areasstlos¢he homestead
benefit from sweeping the compound and are gepettadl best plots,
used for vegetables.

0 Applying mulch or wood from outside. An important source of
fertility of newly cultivated land is the burningr alestruction of
grasses and trees. They may contain as much rstasnthe soil. In
several places people learned to make use of #uis fn stead of
clearing a new plot, they bring dead wood or cutsgrto the crop
fields and either burn it there or leave it fomtées toclear.

This is done, for example, in some part of thedlqtain, where high land
for cultivation is scarce, but tall grasses and dvean easily be found.
Plant-remains covering the soil as mulch are ingtrfor protecting the
soil from sun and rain.

0O Applying manure. Some of the cattle-keeping tribes have learned to
use manure on the crop land. Thus the nutrientdaowd in the
manure, which were 'harvested' from the large areere the animal
grazed, are concentrated on the crop field. Sonestithe manure is
collected and brought to the fields, but a simphethod is to keep the
cattle on the crop fields at night after the hareego tether the cattle
there before and after they go éort grazing during the day.

This practice seems mainly to occur in Aweil andg@al Districts of

Bahr el Ghazal province. In many other places sseflies prevent the
keeping of cattle on cultivatable land.
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Manure helps to increase the humus content of thik which
important for the soil structure. If it is burntrfeooking or keeping
insects away with the smoke, the ash still contaimmny of the
nutrients.
Flooding. The river Nile with all its tributaries is the manatural
resource of the Sudan, not only for the wateriiids, but also for silt,
rich in nutrients, which it leaves on the land afteoding
Annually flooded land can be cultivated almost panently, without
exhaustion. In the Northern part of the Nile-valléys land is called
Gerf land orSeluka (A.).
Green manure. To some extend the cultivation of 'green manure'
crops can help to restore soil fertility. These arainly leguminous
crops, which contribute to the nitrogen statushef $oil. Several form
a good quality fodder for the cattle. When leftthe soil or ploughed
under they help to increase the humus contenteo$olil as well.
Trees If some trees are left on the land, they can kkep function of
nutrient pumps. Leguminous trees, suchAaacia, can contribute to
the nitrogen supply in the soil as well.
A particularly helpful tree isAcacia albidaof the Sudan savanna zone,
which has the peculiar characteristic of sheddisgléaves in the wet
season. So it does not shade the crops, it providesible shade in the

dry season, and its leaves are available for deositipn at the start of
the rains.

Many of these practices not only help to mainthim utrient levels of the

soil,
soil

but they also help to maintain a good strieetf the soil. Keeping the
covered with living or dead material throughthe year, to prevent the

direct contact of sun and rain with the soil, i® tmain issue. Inter-
cropping various crops will contribute to this end.

As regards the weeds, pests and diseases, mansiugeultivation is only
possible if these are kept at low levels. By usingtrict system of crop
rotation, different crops alternating with eachestlon the same plot, the
pests and diseases which are specific for certajpsccan be kept at a low
level.
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In case ofStriga, growing certain crops such as Cotton or Melon may b
even better than a bush-fallow, as the Cotton oloMeoots stimulate the
Strigaseeds to germinate, without a chance of survival.

A fallow period of one or two years can help touegl the weeds which are
not restricted to particular crops. This was ex@wred in the Gezira for
example when in 1960 the crop rotation was reddaad an 8 year cycle
with 4 years of fallow to a 4 years cycle withoalldw. The weed problem
greatly increased.



6.5.E. Suitability of the land for cropping
The choice of the right type of land for cleariggain important aspect of
both shifting cultivation and fallow systems. Oftemmers have developed
an elaborate knowledge of the soil and vegetatdndge the suitability of
the land.
The Jur, living near Wau in the soil and vegetasieries shown in fig. 5.10,
are reported mainly to cultivae the middle levebpgls and terraces,
covered" byAnogeissusThis vegetation indicates a good and deep soil. The
higher lands of the Ironstone plateau are only ussat anthills and-other
small pockets of deep soil. For Duf@orghum)loamy soils are preferred,
for groundnuts sandy soils. They avoid shallow ssoiindicated by
Mahogany(Khaya)and by annual grasses.
In the Kajo-Kaji area a variety of soils is avallmtand farmers prefer
different soils for different crops. Soils are rgosed on the basis of
colour, structure in both the dry and the rainyss@aand on the species and
quality of the grass. Maize, pumpkin, rice and sogae are grown on loam
or clay soils, rich in nutrients; groundnuts andsave on sandy soils which
are easier to dig. Du®orghum)Can be grown on both types of soil.
In the floodplain the choice of land is mainly gawed by the height and the
likelyhood of flooding. Usually the lowest parteaultivated first, so that
the crops can ripen before the floods reach thé. fie
In Western Sudan cultivators used to live closthéoboundaries of the land
systems, exploiting the different properties oflsa@n two sides of the
boundary to spread production over the year. Dodalzukhn can be grown
on sandy soils during the rains; in the dry seaszgetables can be grown
on heavier, alluvial clay soils.
In the Northern Sudan the low-lying lands along Mike are preferred, |
because of the flooding whicb brings fertility. Rkss, the traditional means
of irrigation, theShadouf and Sagiya waterwheels, can only lift the water
to a limited height (figure 6.11).

6.5.F. Clearing the land
Various methods are used for clearing the landexéing on the type of
vegetation. In forest or dense woodland savannariokp is a matter of
cutting trees, waiting till they dry and then burgithem.
Sometimes trees are killed by girdling: removingray of bark, thus pre
venting phloem-transport of sugars to the rootxethey are dead and dry,
the trees can more easily be cut and/or burnedeBomes this is not done
till | after the first cropping season.
Tall grasses in the rich woodland savanna are lysuait with the
malodiahoe. When this is done during the rainy @eakira seeds can be
broadcasted in between the grass first and worketkruthe soil while
removing the grass.
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Figure 6.11 Traditional . irrigation
techniques:

a. Shadouf, a hand-operated lever,

b. Saquia, with camel or oxen as
draught animals
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When these grasses are cut in the flowering stage do not cause many
problems by regrowth.

In the Sudan savanna zone the 'hariq' clearingisys used. Tall grasses
are kept free from fire throughout the dry seasod are burnt only after
the first rains have started. The grass plants tase exhausted their dry-
season reserves in the young regrowth and are etehplkilled by fire.
For young trees this type of fire is very destnetas well. Protection of
the harig-grasses during the dry season is a wiltdjgation.

In other cases valuabe trees are spared in cletimnignd Butyrospennum
(Lulu, A) in the rich savanna areRalanites(Heglig (A.); That! (D.)) in
the drier savanna types aAdacia albida(Haraz, (A.)) in the poor savanna
zone are often left on the land.

6.5.G. Mixed cropping
In traditional agriculturemonocultures of one crop only are rare. Often
the fields are used for several crops at the sanee simultaneously, partly
overlapping or in some sequence during the croppeason. Thisnixed
cropping (fig. 6.12) can have several advantages.
The first advantage is a form of spreading of rikane crop fails others
may do well and partly compensate for the failufithe fact that
traditionally no pure breeds of a crop are used dways mixtures of
varieties, works in the same direction.
In a survey around Gogrial it was found that a faresed four different
varieties of Dura, with different qualities and &sfor sowing and harvest.
Within these four varieties a total of31 differéines were recognised, each
with their own name and characteristic. In an esvinent where rainfall
and flooding vary from year to year, this variationthe crops used, helps
to stabilize the yields. If one line fails due tmostage or excess of water,
others may do well. Variation in the crops usedl$® of importance in the
resistance to pests and diseases. Of a broad wpecfrgenetic lines some
are likely to do well, while others fail, dependiog the disease attack. This
spreading of risk is even better when differenpsrare grown in the same
field.
A second advantage of mixed cropping is that sonestithe combination
of a crop with others helps to protect it from ektdy pests and diseases.
Finding the desired crop plant visually or by smelmuch more difficult
for pest organisms when these plants are not giavwenmonoculture but
mixed with other plants.
A third advantage for mixed cropping of differemogs is that with some
combination the total yield will be higher than tfield of one crop only,
even in the absence of pests and diseases. Whengtsame form of
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Figure 6.12Advantages and disadvantages of mixed cropping. (or

niche-specialisation between the plants such aarddge can be expected.
Combinations of a leguminous crop with a cereaingfe.g. groundnuts
with dura, beans with maize) are the best exantpke:leguminous crop
have their own supply of nitrogen, (fig. 6.13) vehthe cereal grains with
their more elaborate root system are the strongempetitors for other
nutrients and water. Yam, sweet potato, fingermil{Eleusine) and
groundnuts have a shallow rootsystem; sesame &aasd the large cereal
grains have a deep root system.
In selecting combinations of crops, the growthgratof each crop has to be
considered. For combinations of maize with climbbegns, the maize has
to be planted earlier to provide support to thenBe& combination of Dura
with green gram beans (MungbedPhaseolus aureusfan be sown
together: the beans will mat\1re in about two merghd will not interfere

with the growth of the Dura, even when the latersown at the same
density as in a monoculture.

158



Figure 6.13 Experiments comparing yield mixed cropping of maize and beans,
with the two monoculture's; mixed cropping is adegeousin this combination,
as seen from the 'hump' of the total relative yieldveu (or.).
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When the field is not homogeneous other possibditifor niche
specialisation exist. On cropped fields of an Azarfidrm, a total of 68
crops was once recorded. These are not randomlgdnieach crop has a
special place, rich in nutrients (refuse-heaps,asithills) or poorer (sandy
spots or land after a few years of cropping), ia thll sunlight or partly
shaded, near the homestead with a constant pateatainst pests (e.g.
sweet cassave)-or away from the homestead for cvdgish are not
attacked such as bitter cassave.

This large variation in crops has often been dbsdrias 'primitive’ by

people educated in foreign agriculture. But inste&dbeing primitive, it
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probably is the best way of using the land, esfigafavariety in the diet
and spreading of risks of pests and diseases eeptad as advantages. The
main problem of mixed cropping is that it cannotnibechanised easily.

6.5.H. Pests and diseases
If man causes an abundant growth of crop planttherfields, it is quite
natural that this food supply attracts other organsi as well, who start to
compete with man for this food resource. Theserisgas are called pests
or diseases because man wants to have a monopotytoBkeep this
monopoly requires much activity and many trickslaDgsation of the field
by the pest organism can be hindered by choosiopted fields, or
growing the crops in mixtures with others so thetyt become difficult to
find. The same crop should not be grown on the dam# in consecutive
years. As to plant diseases, the best way of ptexgthem is to maintain a
strict hygiene, removing and burning diseased plant
Once a pest has colonised a field its growth camesiones be hindered by
the presence of other plants with a repellant srBeit in many cases little
can be done with traditional means. Chasing awadstdnd baboons is the
main occupation of many children in rural areathimseason that the crops
ripen and become attractive.

Fences are often made from choppezhciabranches but these are never

completely effective. An alternative may be to plandense row of Sisal

plants around the field, the spines of which (semiré 3.10) can stop
animals from trespassing.

After the harvest large losses can still occur rurstorage of the crop
(figure 6.14). Rats, mice and insects cause thestwmroblem. Various
tricks are used to prevent them from eating theedtproducts.
The use of smoke is the main one: cattlekeepihgdristore their grain in
the cattle byres, where a smoking fire is usedegpkmosquitoes and other

Flgure 6.14Some of the factors
affecting ain storage (from:
Appropriate technology source-
book?2).
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insects away; other tribes use the place underaiked store for cooking or
hang the crops for storage near the fire, espgdlad seeds needed for next
years sowing. Keeping the stores clean and tighgularly drying the stored
products in the sun, mixing the crops with sandhgin and putting certain
herbs in the store all help to keep the insecthtt an acceptable level.
The raised grainstores of the Azande have claysdiskund their poles to
prevent rats from entering the store.
The Neem treg/Azaridachta indica),introduced into the Sudan in this
century for its fast growth contains substanceschvinépel insects. One can
use this either by burning neem-wood and usingstheke or by making an
extract of leaves or ripe fruits (soaking overni@ls kg of leaves or 1 kg of
crushed fruits per 101 of water), for weekly spnayithe crops to be
protected. PyrethrurfChrysanthemum tinerariaefoliungrown in the East
African high-lands contains 'natural insecticidesWwell.
Remaining unaffected by insects during storagenisrgortant quality for
a crop variety. Traditional crop selection favouredistant varieties, such
as dura with a hard seed-coat or maize with leéigely around the cob,
both of which hinder penetration by grain eatinggicts.

6.6 Farming systems

After considering the separate activities of anirhakbandry and agri-
culture, we shall now look at the complexity of treming systems'. This
term is used to indicate the interrelationship Ibtfee human activities at
the farm level in the natural of the man-made emnnent (fig. 6.15).
Just as the ecosystem consists of all the natelaions in the environment,
the farming system is to a certain extent deterchioy the ecosystem. But
human decisions, based on social or economic ceraidns play their role
in moulding the farming system. Farming systemsiarbalance with the
ecosystem if they do not depend on non-renewalsleurees and if they do
not negatively affect essential environmental fextoNot all farming
systems fall in this category.
In describing farming systems we shall first payemiion to the
relationship between the various agricultural atéis. Keeping animals
and growing crops can be related activities, fanegle when the animals
feed on the remains of the crops for at least g@fattte year (although they
are often of low grazing quality), when the prodmctof fodder crops is
part of the crop cycle, when manure is used tolifertthe crop fields, or
when oxen are used as draught animals for plougldimgilarly, trees can
be kept for some special edible product, but atstérae time playa role in
maintaining soil fertility, and provide a source sthade or fodder for
animals.
All these interactions are only appreciated whentyeto understand the
combination of man's activities in the environmésgually non of these
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elements functions at an optimal level as such,stilitthe complex is a
meaningful combination which can easily be distittg trying to improve
one part of it, neglecting the other parts.

As a first example we shall now discuss a commomifsg system of the
Sudan savanna zone, characterized by the 'gardémgim arabic trees
(Acacia senegalHasbab (A.)) The trees in the garden (Geneina @aj)be
tapped for the valuable gum for 6-10 years befbes eteriorate too much
as a result of tapping. Then the trees are remaeargpt for some stunted
Balanitestrees, the land is cleared and used to grow a neixbf Dura and
Duhkn (Sorghum and Bulrush millet), groundnuts, ssim watermelon and
lubia beans etc. This cropping can last for 4-largetill the soil is
exhausted or till th&triga has become unmanageable. When the fields are
no longer cropped they are colonized by grasses as€enchrus biflorus
(Heskanit (A)) andAcaciatrees,A. seyal(Talh (A)) andA. senegal After
three years the trees are about 1 m high and beceasonably fire-
resistent. With the increase of grasses fires becmwre frequent and they
prevent the establishment of new trees. When teedeneration of\cacia
trees is around 8 years, tapping starts and théewdyezle can be repeated.
The trees play an important role in the cycle, oy soil fertility and
yielding the valuable gum as well as firewood. Regation of trees
depends on protection from fire and from grazinthmfirst few years.

An example of a traditional farming system with iateresting interaction
between animal husbandry and an early stage of lruspandry has been
reported for the Zaghawa, living North of Jebel Man the Sahel-savanna
zone. This area is too dry for the successful gnowaft most crops, but
several grasses with edible seeds grow there tigtimathe short rainy
season. Traditionally, the valleys with good grasseere reserved for
collecting grass seeds and animals were not alldwepaze there till after
the harvest of these wild grasses. This procedosered that the grasses
produced ripe seeds for next years. After the Isiroéthe grass seeds a
good grazing land remained. Times have changedcalfetting wild grass
seeds has been replaced by growing Millets, whaih if many years
because of droughts. The grazing land degenerates eesult of this,
because the positive inter- action with the coletbf grass seeds is now
lost.. There is no longer a restriction on grazéagly in the rainy season
and many parts are (over) grazed before the grgmeehkice ripe seeds.
Thus the grass cover detoriates. The situationademworse, because the
grass Cenchrus biflorus(Heskanit) is replacing most others. Animals
because of its spiny leaves and inflorescence tbkecthis grass, but it has
edible seeds and used to be kept at a relativehdensity because most of
its seeds were collected. Now that this is no lordgne, it replaces the
grasses which provide valuable grazing.

A course of development which would do justice hés tfarming system
might have been not to introduce the growing oflétél but to improve the
available edible grasses by careful selection, lmeathese are better
adapted
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to the climate and fit in the animal production teys as well. Such
selection and breeding is a time-consuming prodessever, and the
success would be limited by the ecological constsabn the production
level.
As a third example of a farming system, we shalt monsider the land use
of the North-Western side of the floodplain by theic-Dinka of Gogrial
District. Table 6.5 shows a calendar of activittbsoughout the year.
Growing crops alternates with building and fishagymain activities in the
permanent villages, while the young people spendtnod their time
outside the permanent village, trekking with thejority of the cows. A
small part of the cattle are kept in the villageyalar round to supply milk
and manure used to fertilize the Dura fields arotivedhomesteads.
The calendar shows that in every season suitalote pathe environment
are exploited. Fishing is a specialised activity Jome people, but at the
end of the dry season everyone participates. Eddbmystems of dykes
(thiik (D)) are built to manipulate the waterflow the seasons that the
floods recede. Weirs are used for fishing and widd seeds are collected.
One wonders why this aspect of growing rice hasyabbeen extended.
The calendar shows how the various parts of theiifay system are
connected through the amount of time people candspe each of them. It.
is of no use to stimulate fishing, for examplehis would have to be done
in the time the land is cultivated. Weeding usugllpvides the main
bottleneck timewise and restricts the area cukidat
In the ecological zones further South the farmiygtems are almost
completely crop-oriented.
An exception is the Kajo-Kaji area, where a largeaahas been cleared
from tree vegetation, so that cattle can be kefowit too many problems
of nagana. But the Kuku have no tradition of makuguse of the manure
to fertilize the land and degradation of soil fiéstihas become a problem.
The only trees available overlarge areas are Marags. There is hardly a
fallow period in the cropping sequence and the mdwseof natural
vegetation, while good for human and animal heaftakes for difficulties
in the supply of firewood.
The Azande-system of agriculture has been studidensively and the
Azande have become known as excellent practicalogsts. In their
choice of where to cultivate, what crops to grow #men to sow their seeds
they follow a system closely adapted to their emvinents.
When one enters an Azande homestead for the ifinst the impression is
that of complete chaos. The courtyard is shapeldss;huts in it are
scattered. Crops, foodnd household belongings may lie about the
courtyard in what seems to be a most disorderliidas Worst of all no
fields can be seen. The thickets of plants surrmgnthe homestead seem
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as patchy and purposeless as any wild vegetatiois Impossible to

distinguish a crop from a weed. It seems almosteiible that a human

intelligence could be responsible for this tangl#is is a quotation from an
elaborate description of the shifting cultivatiogrstem by De Schlippe.

Azande-agriculture should be looked at in the lighttwo concepts, the

field-type and pseudo-rotation. The field-types sieh of the following

associations of crops which are grown together fiiome to time:

0 &ti-moru, the main fingermille(Eleusine)association, in which maize
and fingermillet are sown side by side;

0 baawande, the groundnut-association, in which gtouts, maize and
cassave occupy the same field, perhaps followatiérsame year by
fingermillet, maize or other crops;

0 bamuno, the fingerrnillet through grass associatiaith perhaps
sesame following; .

O the ridge cultivation around the homesteads withnynaegetable
crops;

O various beans, sown through grass;

0 and finally the cassavefallow.

Variations in the weather, the actual success @fctbps as they grow, the
appearence of the land, the weeds present andudaian of how much
time or energy the farmer can spare, all affectotfaker in which these types
are sown on anyone field. For these reasons dtipossible to speak of any
fixed rotation of crops, but rather of a pseud@ion, which is none the
less securely rooted in the soil because it vdr@s year to year. In view
of the large number of crops cultivated it is notpsising to learn that the
Azande enjoy a diet balanced in most respects. Bhegven able to obtain
enough protein, though they keep no animal stobkaining it partly from
vegetable sources, partly from hunting wild aninm(@lgsh pigs) and partly
from collecting termites.

Of course not all farming systems are equally wadapted to the

environment. Especially in cases, where people haveed into their

present: environment quite recently, ill-adaptesteys can be found.
An example is found in the Dongotona mountains, re/taati-erosion
measures are quite inadequate. According to loaditions people moved
up into the hills relatively recently, perhapslditmore than a century ago. If
this is true it helps to explain the obvious uresility of their system of
agriculture, to the steep and rocky places thegbithit would also explain
the fact that there is any cultivatable land lefaly for if erosion had been
continuing at its present rate for a long periogl Whole of Dongotona hills
would have been barren rock by now.

An interesting aspect of any farming system isghestion of the scale of

the fields. Concentrating the fields offers the amtages of an easier

defence against intruders (in historical times) agdinst wild animals such

as baboons. But weeds, insect or bird-pests havesschances in isolated
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crop-fields than in concentrated ones.
Obtaining firewood and protecting the soil is a lgemn in case of
concentrated fields. For tse-tse flies the relatigm with the environment
has been mentioned already. For tBeelea(Sudan dioch) weaverbirds
obvious relations with the environment exist, asltirds need roosting sites
and drinking water close to their feeding areasictwimay include crop
fields. The cotton stainer by@ysdercus spec.gn important pest of cotton
can use the Baobab tree as an alternative hosaswad breeding site for
continuous infection of cotton fields in the neighbhood.
It is important to stress the complexity of tradib subsistence farmind
systems. These systems were developed to supplyasit human need
within he possibilities of the ecosystem. A 'getistaor 'opportunist’
strategy was used-to overcome the problems ofcaufiting environment.
When subsistence farmers enter into the money-esprad the 'modern’
world, they will feel strong pressures of competiti And just as in natural
ecosystems, competition leads to specialisatiommé&is will start to
concentrate on the one crop with best financiapeots, neglecting the
other components of their farming system. Often dnet of the rural
families deteriorates when the variety of tradiibrcrops disappears
because al time is spent on cash crops. Completersgswith much
spreading of risk are replaced by simple systentis &Zimaximum financial
yield it favourable years. Just as in natural estmys, specialisation is
only successful in stable environments. In the gmegvorld-economy with
its fluctuating prices, concentrating on one or trops is a very vulnerable
strategy. Sudan as a nation has experienced thisofton. More diverse,
complex farming systems may not give the best gieomt economic
returns, but they may well be the best way of présg the natural
resources and fulfilling all basic needs.

6.7 Suggested practicals

1. Key-questions for ecological analysis of farmingteyns

Before we can develop any system in a meaningfuf wa have to

understand how it works, what the strong and wedhktp are and which
connections there are between the different pdités also applies to
‘farming systems', the way In which man makes ubethe natural

resources. As a starting point we can assume Ysaééras which have a
long tradition have gradually become adapted to lwal situation,

although this 'wisdom of the people' may consistera their actions than
of their explanations. By trying to analyse thetsys with the following

qguestions as guidelines, we may gain insight is #md may arrive at
appropriate

167



“average

g

-

L

-

b

rainfal} animal husbandry main. food crops (rainfed)
mm/year
desert < 90 nomadism camel

(long migration)

semi- 90-300 | (semi)nomadism camel
desert transhumance sheep
cattle | 5 ?
TElzs 2§ 7
3= @
sahel~ 300-600 | seminomadism  cattle A £
savanna transhumance goats d
sheep _{ ; i
y 3
sudan 600-1100 | transhumance cattle % .§ °
savanna sedentary goats = g g
& g 28| 1A
.'. o g %
guinea, | 1000-1500'| transhumance  cattle i . %
savanna sedentary gosats -E < 2 » %
tse-tse area P ;"-'é' § S g
g2 g 1 4 ¥
rain- > 1500 goats & 5 o 5le ?
E e o We 4
forest I ® = o8 3w 0
a 0 & ala

Figure 6.16 Type of animal husbandry and major foodcrops foe trarious
ecological zones (from various sources).

suggestions for improvement:

1.

How are the environmental conditions, climate,,qojpography? What
kind of local variations are there? Which seasofiattuations,

reliability of rainfall etc.?

Which plants and animals are used, what are tluziptations to the
environmental conditions throughout the year an@ubhout their
lifecycle?

In which ways is man interfering with these resesrqust collecting
and harvesting or really managing (with all kinds imternlediate
steps)?

Which micro-patterns in land use can be distingtishin relation to
(small variations in) soils and microclimate?

What is the settlement pattern, are there any tengt cycles in land
use?

Is there anything like transhumance in seasonaitdia® What is the
human food in different seasons?

What is the human influence on vegetation structanel species
composition (grass/tree balance in savanna, fiabjtéit destruction,
deforestation)?
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10.
11.
12.

13.
14.

15.

16.

17.

18.
19.
20.
21.

Is the present system stable? (Ask old people, Isisédric references).
In which way can we speak of multipurpose land-(istegration of
animal production, forestry, crop production, wilelland/or fisheries)?
What happens to the wastes and manure? Is therteient cycle? How
is soil fertility maintained? (flooding, recyclinfallowing, manuring).
Which elements contribute to pest control duringpdoiction and
storage?

Which elements contribute to weed control?

Which elements contribute to control or spreadrifral diseases?
What is the scale of migrations of relevant fisheddlife or pests
during their life-cycle? To which extent is life this area dependent on
other areas?

How far has the human population grown in relatiorthe carrying
capacity of the system? Are there signs of competiior land? Land
degradation?

How is the quality and quantity of food for all ageoups throughout
the year?

How is the hygienic situation, what are the majauses of illness and
death?

Which sources of energy are used? Are they rene®abl

Which human resources are used and how is thébdistm of labour?
What are the main problems according to the peopieerned?

Which changes are presently going on in all theeetspmentioned?
Which outside forces are pulling or pushing?

Nutrient. cycle game (fig. 6.17) for mixed farmiag practiced in the
flood plain (for roles see practical 5.2).

In this chapter the traditional usage of many défe plants was
mentioned; can you give further examples?

Figure 6.17 Nutrient cycle game for floodplain agriculture; ttgame can be
played in the same way as figurd 4.(or.).
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7. Environmental problems of development

7.1 Human population size and pressure on land

Part of the environmental problems of developmeiseamerely from the
increase in the number of people living in the wWorThe increase in
numbers is mainly a result of improved medical camd hygiene, taking
away many natural limiting factors. The numbers ealy increase as long
as the' carrying capacity' of the environment hatsyet been reached, so
that enough food can be produced. It is to be hofed the world
population will stabilize before this carrying cajig is reached. Many
social, political and religious arguments play theiles in the decision
about family planning however. As long as sociausity is mainly based
on the family, restriction of the family size istrto be expected. Increased
possibilities for education and finding jobs, fathh men and women seem’
to be a prerequisite for a smaller family size. iAnportant consideration
should be that even if today everyone will decideto produce more than
two children, the population will continue to grdar some time, because
"™ now there are relatively many young people.
An increase in numbers leads to an increased peessuthe land, which
means that the exploitation has to be intensifieat. every person food,
drinking water, energy and a place to live hasgariade available.
Many traditional farming systems are well adaptdhte environment as
long as the pressure on the land is fairly smalk Wwhen the numbers
increase, new and unexpected problems will hate tiaced.
In the Sudan the human population size increased &round 2 million in
1900 to around 20 million in 1980. These data arewvery reliable, but
they show an obvious trend.
In every generation (20 to 30 years) the populatiore is apparently
doubled. The population would be constant if evelyman on average
would give birth to two children surviving till tgemarry themselves.
Apparently in the Sudan this number is on averagghker than 2.

The average population density of Sudan is lowanfrse, but many parts
cannot be used for living at all. In several intediparts it seems that the
human population has approached the carrying dgpafcihe environment
already, at least with the agricultural technigaeailable.
In the floodplain conflicts over grazing land aery common, showing that
all the suitable land is used. In the dry savanmaeg the pressure on the
land leads to soil degradation already.
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Not only the total number of people is importantt &lso their distribution.
The concentration of people in towns results inrextnvironmental
problems, as the locally high pressure on the Fandood and fuelwood
will lead to overexploitation and degradation af tand.

Waste problems also increase when people becomaniaedl. The
permanent settlement of previously (semi)nomadlesr also leads to a
locally increased pressure on the intensively used around the new
villages, while previously a large area was useddresively.

Apart from the size and distribution of the humapglation, the life-style
and consumption pattern of the citizens is impdréawell. Generally, the
more one consumes, the more environmental probbecs.

In a world scale this factor is far more importahhe life-style of large
groups in the Western world is such that it affébesenvironment all over
the world. Here a change in life-style 'is more amgnt than a change in
population size.

Large scale pollution of rivers, seas, oceans keasrhe common practice;
the soil is in many cases polluted to such an éxtext crops grown are no
longer safe for human consumption and groundwatenly drinkable after
intensive cleaning operations; the air is pollutedhe stage that it can be
hazardous especially for very young and old peotie; high rate of
consumption of fossil energy has released suchtijiegnof carbondioxide
into the atmosphere that effects on the climateaoworldscale can be
expected; the use of nuclear energy (for elegfricihd weapons) has
released radioactivity into the environment potdhtiaffecting the genetic
constitution of all life forms. Most of these prebis can be counteracted to
some extent by technical and legal means, butfseoprevention is better
than cure! We will here focus on the specific eorimental problems in
Sudan.

7.2 Desertification

A major environmental problem caused by recent ldgweents in the
Sudan is the process of desertification. Largesatkea dry savanna zone
have become desert:1ike already. This means teeofassable land and an
increased pressure on the remaining land. Yieldsedse and dust-storms
(habub) become more frequent. Quite often desmtifin is still described
as 'the Sahara is creeping Southwards'. This snéusing description of
what is happening. Moving sanddunes are only thiestage of a process of
local deterioration of the land on sandy soils. @y soils deterioration
can be as severe, without moving sanddunes.
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Figure 7.1 Desertification in the Sudan;

yearly fluctuations of rainfall are shown by the02@m isohyet for a dry and for a
wet year; rainfed agriculture is hazardous whenr¢his a chance of receiving less
than 300 mm of rain; a safe limit is indicated, il actual boundary is far more
to the North; the zone between these two linesnigisk of desertification;
according to certain sources the desert boundarydi5 was 200 km to the South
of its 1958 position. (based on Rapp, 1976 and Bdbeahim, 1978).

The land is over-used and the vegetation disappkesgng the soil open
to erosion by wind and rainstorms. So desertificatcomes about by
degradation of patches of land, which gradually t;mform a continuation
of the desert zone. Fig. 7.1 shows the approxirbatendary of the desert
for 1955 and for 1972. In this period of 17 yeargone of about 100 km
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has become desert as a result of several factofsttiéer 680.000 kihis
directly threatened with desertification at the nemin Large areas of the
Sahel zone are locally deteriorating. Factors whiehheld responsible for
this desertification include:

a. climatic changes

b. overcropping

C. overgrazing

d. deforestation

e. overexploitation of groundwater.

We shall discuss them seperately, although intfesst interact.

7.2.a. Climatic changes

During geological history the climate has changeshs@erably. Dry
periods alternated with wet periods. During wetigus all vegetation
zones shifted Northwards, during dry periods thafted Southwards. (See
section 5.7).

The present process of desertification is howeyfes, different scale. There
is no evidence of permanent rainfall changes dweddst century. Periods
of some wet years (such as in the 1950's) altemidteperiods of dry years
(1970's), perhaps in a cycle of about.40 yeardryryears the desert shifts
to the South; but in wet years the vegetation dugsrecover any longer
because of human activities. Trees such as the dbadeem to get
established only in relatively wet periods. Durohyer periods destruction
of the trees is extra serious because replaceménpbossible.

7.2.b. Overcropping

The main factor in desertification of the Sahel eds overcropping. Too

much land is cleared of the natural vegetationgfmwing crops, in areas

where a good crop is possible only in exceptionakty years. In normal or

dry years hardly any crop grows and the land isndpethe wind. Large

scale mechanised farming schemes are far worsethiatnaditional small

scale operations, because often no trees ar@ lefeak the wind. .
Traditionally the crop fields were always relativedmall patches amidst
bush. For mechanised farming trees are considerée tan obstruction to
the machinery and the fields are much larger, éubh® influence of bush-
vegetation as windbreak.

Overcropping is mainly the result of applying agtiaral methods not

adapted to the environment. Mechanised farming aasthwhich had
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proven to be successful in the clay soils of Cér8talan were transferred
to | the sandy soils of the West, with devastatagylts.
A similar mistake was made in North America in th@30's when soil
tillage methods from Europe and the American Eaastwere transferred
to the middle of the continent. Large scale windsern, known as the
American dustbowl, was the result and large arégead agricultural soils
lost their value.
Good farming methods, including soil tillage, haeebe developed for
every ecological zone seperately, to avoid suchstiss.
Overcropping means, using land which is not realijtable for growing
crops, because the rainfall is unreliable. Paradddlyi the wetter-than-
normal years in the 1950's were probably more deci®or desertification
than the dryer-than-normal years in the 1970's. Weats lead to too much
optimism and to clearing unsuitable land. In figl & line indicates the
present boundary of crop production and the aresrevat least 300 mm of
rain can be expected taking into account the noryeakly fluctuations.
This can be considered as a safe limit for rairfeg production.
This description of desertification suggests thafirist instance vegetation
and soil disappear in areas where on the averd@eiexut rainfall is still
available. It seems as if rainfall may decreaseallp@s a secondary effect,
because normally the transpiration by the vegetatian trigger new
rainfall. In many areas affected by desertificatimwever, lack of water is
no longer the main limiting factor, but has beeplaeed by poor nutrient
supply because of soil degradation.

7.2.c. Overgrazing
The role of overgrazing in desertification has beeerestimated, but it
certainly can contribute. Between two censuses 9h6land 1956 the
numbers of sheep and goats increased by a factehig the numbers of
cattle and camels increased by a factor 10. Butatheunt of grazing
grounds available did not increase.
In section 6.3 we saw that in the dry savanna zosect pests and the
availability of drinking water limit domestic anidsa more often than
availability of forage. But increased veterinaryvéee and well-drilling for
supplying drinking water have partly changed thisiadion. Projects to
settle nomadic cattle keeping tribes permanentgrolead to overgrazing
Especially around towns and around permanent vgat@ces, overgrazing
of the vegetation, is common. Only plants lRassia senngSenna, A.)
and Caloptropis procera(Usher A., fig. 3.6) are left over, because they
conntain poisons. Overgrazing leads to a reduaifadhe carrying capacity
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by preventing regrowth and by trampling which resiithe infiltration of
rainwater into the soil. A further concentrationamiimals on the remaining
land is the result and thus more land is overgralteid a vicious circle
which can only be broken by restricting animal nensh and by giving the
vegetation a chance to recover by fencing off geparts and establishing
rotational grazing.
Programs to permanently settle nomadic pastoradtiate been set up in
many places, but these programs neglect the fatt dhly by roaming
through large areas sufficient amounts of the highlity fodder can be
found in the Sahel zone. Mobility is essential. iHlgjomass production is
often associated with poor quality on the permamgating land. Recent
research showed that in sedentary herds the datgleain be double that of
migrating herds, while the calving rate is only &of that in migratory
herds.

7.2.d. Deforestation
The original vegetation cover is removed to creatsp-fields, but also to
supply fuelwood and charcoal for cooking. Arount talvns the circle
from which charcoal and fuelwood are collected wsl@very year. For
the, Khartoum area it is now over 200 km already.
The consumption of fuelwood is ca 1:5 m3 or 200pkg person per rear,
while the growth rate m the Sahel savanna can ltkenorder of 5 m per
hectare per year. As long as 0.3 ha of well manageatiland per person is
available, no problems should arise (300 persord/kinwell managed
woodland). The population density in the Sahel zasea whole is ca 8
persons/km2 but around EIl Fasher or El Obeiddtig0.
In such areas one quarter of the area would havbetset aside for
production of fuelwood. In general the main problenthat of managing
the forests in such a way that the growth rate reamain high enough by
establishing new trees, protecting the soil etc.
In practice cutting the wood comes down to usinghan-renewable
resource, because several factors hinder the sbiaeint of new trees:
fire, in the grass vegetation which usually devs|agrazing especially by
goats and degradation of the soil when this becomessed to the sun,
wind and rain.
A major aspect of both overgrazing and deforestasahe social aspect of
a communal resource. Everyone can benefit fromguijrout no one will
take care to protect the resource. Especially sitihee original tribal
restrictions on land use weakened or disappearegrttblem is acute. Who
will plant or care for young trees if other peopldl come to cut them
before they are full grown? (see chapter 9).
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Figure 7.2 Effect of a shelterbelt on micro-climated on crop yields:

a) A solid belt gives shelter, but behind the bedtair becomes turbulent and this
is a disadvantage; b) A half-open, permeable beksdnot give turbulence and
gives a maximum reduction of the wind-speed thal-speed may be reduced
below 800% for more than 15 times the height ofttbes (H); c) The shelter belt
usually has a positive effect on crop yield, altjiouhis is not easily seen in the
field, as the loss near the trees due to competitld is more evident than the gain
further away (ll1), which is larger but spread ooter a large area based on FAD
1977.
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7 .2.e. Overexploitation of groundwater
Amazingly little is known about groundwater res@asgcespecially whether
they are renewable resources or fossil suppliesiwtan be depleted only
once. Many well drilling programmes therefore camtéhe risk of a
success for a few years and a complete failurervedrels, especially
because the vegetation can be affected by deeptrengroundwater level
as well. Well-drilling programmes can also lead aeergrazing of the
surrounding land.
It is important to know in which way deep grounderatesources are
recharged, before desicions about well-drilling mu&de. Part of the loss of
water from riverbeds refills groundwater streambke Tmain groundwater
streams occur in the Nubian sandstone.

7.2.f. Possible solutions
Any solution should be based on a proper understgnaf the causes of
the problem. Overcropping has been mentioned as#jer factor causing
desertification, especially when all trees are reedofrom large areas.
Keeping solitary trees on the field and plantingiscof trees between the
fields as shelterbelts (fig. 7 .2), helps to akbeeithe problem of wind-
erosion.
Often the crop-plants directly adjacent to the telbelt show a reduced
growth due to shading by and competition for watéh the trees, but the
plants further away benefit from the shelter and teduction of wind
speed, slowing down transpiration; for the field aswhole yield is
increased.
Several introduced exotic species of trees are fogqulanting in arid

Table 7.1 Some exotic tree species suitable foresftation programs; ecological
zones 1 =semi-desert, 2 = Sahel savanna, 3 = Suslanna, 4 =Guinea
savanna.

Scientific name English Ecological zone Products
Tamarix aphylla Tamarix I, firewood
Prosopis juliflora Mesquit 1, [l firewood
Eucalyptus microthera Eucalyptus I, 1] building wood
E. camaldulensis Eucalyptus i, v building wood
Azaridachta indica Neem I, I, IV building wood,
insecticide
Leucaena leucocephalalLeucaena i, Iv  forage, firewood
Cassia siamea Cassia I, IV construction wood
Mangifera indica Mango i, IV fruits, firewood
Gmelina arborea Melina IV firewood
Tectona grandis Teak IV poles, timber

178



regions, because they grow faster than indigenpesiess (table 7.1). Some
of these trees are doing so well that they sprgathbmselves and may
even become a problem in the crop fields as ineasxostic (Mesquit).
Eucalyptus is a fast growing tree with some specdapted to dry
conditions. However the soil under Eucalyptus isdlyaprotected from
erosion.

The social aspect of communal land rights on goptamd or fuelwood
production has to be considered for any solutiowaok. Some techniques
are available for ‘water harvesting' in arid zoriegng to collect rain water
around trees (figure 7.3). Further aspects wiltliseussed in section 8.4.

Figure 7.3 A. Technique for 'water-harvesting' andua tree by promoting run-off
in its surrounding and promoting infiltration undehe tree; B. Strip farming
collecting run-off. (Appropriate technology sourcek 2; FAO).

A. smoothed gravel mulch
compacted to limit
earth, evaporation loss

slope 3-4 %

RSOt
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7.3 Savannisation and deforestation

Similar to a desertification of the (dry) savanmeme there is a
'savannisation' of the forest zone, shifting thedbo between closed forest
and savanna to the South. The boundary betweerstfared savanna
generally is a sharp one, because a continuous gm®r is absent from
the former one and present in the latter. Onceetiea grass cover it will
maintain f itself through annual fires, killing tiieee seedlings. Fire is the
main factor in savannisation.
Wild creeping fires usually start from fires usedctear small parts of land
for cropping or larger parts for grazing on theegreegrowth after a fire.
Fire is also used in hunting to drive the animalsards the hunters. Fires
used to smoke out bees nests to collect honey sizape controle and are
another source of the 'wild creeping fires'.
These fires prevent succession of savanna backfonést, but they can
only nibble small bits of the forest itself, becadlse forest usually contains
little inflammable material on the ground. Smaltsbare lost every year
however and these bits plus the forest clearedrmpping are responsible
for a slow but steady loss of forest. Fig. 7.4 shawetreating forest edge.
Evidence for fire as a major factor in the retrefathe forest can be found
in the good tree growth on termite mounds or ragkcips, protected from
fire. Deep valleys may still contain remnants oinrforest, while the
surroundings have become savanna. Protection firenisfthe main effect
of a valley and not increased moisture supply totthes, because on flat
river banks with a similar moisture regime as in thalleys, the forest is
generally absent. On sloping ground fire can tray@ill, but not easily
downhill. Sharp edges on hill-tops can therefoop dires and can explain
why many hills are forested on one side and grassye other side.
After the process of savannisation of the fordwtrd can be a further loss
of trees from the savanna vegetation. This losdreds can be called
deforestation. It is especially evident around tewfig. 7.5 gives an artists
impression of the surroundings of Juba some 20syago and now. Fire,
browsing goats and collection of charcoal and foed all contributed to
the loss of trees and the absence of natural regfiore
Fires late in the dry season are much hotter tlzaly é the dry season,
when the grass is still partly green. This had l¢adh policy of 'early
burning' causing fires at the end of the rainy spas large parts of the rich
savanna to remove most of the inflammable mateviidd a fire which does
little harm, to prevent uncontrolled fires latertive dry season.
Clearing the land for cropping in the shifting cedtion system means
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Figure 7.4 Savannisation of the forest zone: Aawsha retreating forest edge,
where scattered forest trees remain in the grasez8. shows a stable situation
where the edge of the forest is protected from déreanna-fires by Acanthus-
shrubs; C. shows a forest advancing into the saaabg an expanding Acanthus
zone. 77le trees in the savanna are different ggetian in the forest. (from:
Langdale brown, 1964).

killing most of the trees. By the time the lande# fallow to recover, the
soil may have been degraded to such an extentrdes cannot establish
themselves.
Sheet erosion by run off of water from the plot qaeel off the fertile
topsaoil
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layer by layer. It gradually exposes the lessl&dind almost unstructured
subsoil, in which rainfall cannot easily penetréecept on sandy soils).
Drying out of the subsoil may create hard pansgeesfly on Ironstone
soils. Because of this, run off erosion will proggeat an even faster speed
and continue till all the topsoil is gone. The rémrag land cannot easily be
colonised by plants because their roots cannottpgnethe hard soil. In
such a situation, much of the rainfall will now lest through surface run
off creating much drier conditions for the plants.
In hilly country the run off can easily lead to lyukrosion (figure 7.7
which is even worse. This transforms former farrdlda rocky, barrent
landscapes.
All these processes take place when cropping aeedirfor too many
seasons as a result of an increased pressure tanthbecause of a locally
high population density. If the land is left falloms soon as the yields
decline tree growth is still possible and the figytcan be restored.
A grass cover in a savanna will usually maintasgelit through fire. But
when overgrazing has removed too much grass, fitk$10 longer spread
and a thornbush vegetation will develop, with pgmzing quality and not
much other use eithebichrostachys cineregKadada (A.); Kir (D.)) is a
typical shrubs for this situation.
Solutions for the problems of savannisation anamstation can be found
in maintaining a good tree cover in cropping aread regulating fires.
Maintaining or planting trees in between crop fietlthn help to maintain
the soil and provide fruits, animal fodder and waasl well. Recently
interest has increased lagro-forestry' systems, with trees planted in
between the crops. When the trees are small, aopggrown between
them; after some two years the trees are left davdry themselves while
new plots of land are planted. If good tree-speeies chosen a ten-year
cycle to produce firewood and building poles mayesy profitable.
For combinations of Teak and low crops such asrgiouts or simsim good
results have been obtained in the Greenbelt. Inlt&ong mountains
‘combinations ofCupressusrees with maize, dura and potato give good
results.
Agro-forestry systems of land use are a modernawariof shifting
cultivation systems (figure 7.6). By planting wellosen trees, the tree-
phase of the cropping cycle can become as praditabl the crop-phase,
ensuring the soil fertility for a permanent lance Lt the same time. By
planting trees and taking care of them in the yostiages at the same time
as weeding the crops, their establishment can eired, which has
become prolematic for the natural tree-growth.
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Figure 7.6 Agroforestry based on the Acacia senegaps cycle. The young tree
need protection in the crops and early fallow stgge.).

7.4 Mountain and hillside erosion

Wind erosion is the main danger of the drier areassion by water is the

main danger of the zones with a high rainfall, esdly on sloping soils of

mountains and hillsides (figure 7.7). In the Jédatra, the Nub mountains

and the Southern mountain ranges of the Imatongsg@tona and Didinga

the risk of erosion is very pronounced.
Erosion by water very much depends on the ratéoof. fif the rate of flow
is doubled the water has four times the scourimgacity, thirty-two times
the carrying capacity and can carry particles sfatyr times as large. Any
obstacle (plant, stone or ridge) will decreaseréte of flow and give more
time for infiltration. If trees are removed raingscan splash on the soil
directly and cause serious damage to the soiltsireic

Table 7.2 gives some data for West African statidiige percentage of

rainfall as run-off is clearly related to soil Idfes all stations.

Clearing the forest from sloping ground to plardps will lead to the soil

being washed away, unless good terraces are Guilsome of tile older

Figure 7.7 Erosion.

A. Rain splashing on bare soil can displace fing [garticles and can compact the
soil slowing down infiltration; B. Rain falling oland covered by crops or by a
mulch layer is spread out more evenly and cantiafé more easily; C. Symptoms
of sheet erosion: stone are left on the surfacdenimie soil particles are washed
away, high, exposed tussocks of grasses can bedgegn on the right hand a soil
deposition site can be seen; D. Landscape, shovilingrosion; E. Formation of
gullies: a small interruption in the vegetation @nslope can be sufficient as
starting point, a steep bank is formed and an emgjully; F Landscape with
severe gully erosion; G. Landscape with terraces dmps and forest on the
steeper valley sides. (after various sources).
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Table 7.2 Run-off and erosion as affected by tlyetadion; data for three West
African sites; run-off is given as percentage ofiaal rainfall, soil loss is given in
ton's of soil per ha per year. (from: Sanchez)

locality Ouagadougou Bouake Abidjan
Upper-Volta Senegal Ivory coast
slope 0.5% 4% 7%
average rainfall 850 mm 1200 mm 2100 mm
run-off  soilloss  run-off soilloss  run-off sodds
natural vegetation 2 0.1 0.3 0.1 0.1 0.03

agricultural fields 2-32 0.6-8 0.1-26 0.1-26 0.5-20 0.1-90

bare soil 40-60 10-20 15-30 18-30 38 108-170

inhabited mountains terraces have been built inghst which are no
longer used.
This can be seen on Jebel Liria halfway Juba-Tard in the Jebel Marra
and Nuba mountains. People lived in the mountaimsréasons of safety
and protection from sleeping sickness. When this&s were reduced they
moved back into the plains.
The increased rainfall of mountains, the coolemate and the valuable
timber still attracts 'development projects’ to m@in forests. All over the
world forests have been cut for some quick prafitvaluable hardwoods
and then the soil is used for cultivation withoubger protection from soil
erosion. Within a few years all soil has been wdsheay to the rivers. The
rivers become brown from all the mud they contaltiter a heavy
rainstorm all the water flows to the rivers immeedig, without the sponge-
like effect of a well developed soil under a foreBhe river flood after
rainfall causes many problems downstream. In thesgason the rivers
will dry up, while previously the forest soil pradd a constant trickling of
water. So, some years after the forests have hdeibare rocks remain in
the mountains and life in the adjacent plains reome far more difficult.
This process is very well known from other tropicalintries such as India
and Indonesia. In some parts of Kenya it has occasavell.
There are indications that a similar process hastest in the Imatong
mountains as well. Downstream of the local potatyqet the river Kinyeti
is now muddy in the spring, which was not the chséore. The potato
project uses steep hillsides, with only very primnal ridges instead of
terraces. On the farms of the labourers of thesfoyeand potato projects
who moved into the mountains after the 1940's,iendis very clear. When
most of the soil has been washed away Fingern{iitusing is the last
crop giving a meagre harvest on the spare soibkfiveen the bare rocks.
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Protection from erosion is possible by not usingept slopes at all at
building proper terraces on the medium slopes. Fig.gives a design for
terrace. Trees have to be planted on the edgés ¢étrace to fix the soil.

Figure 7.8 Erosion control by making terraces oopshg ground (based on FAO,
1977).
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By all means water has to be stopped from flowiogmhill with a high.
speed. Building terraces requires investing afldinee, but it is the only
way to ensure permanent cropping.
An ‘agro-forestry' system as used by the Imatongstoy project, allows
farm labours to plant crops between the young plamtations for two
years. In this way erosion is much lower than andtop fields and the area
can still be more or less self-sufficient in fooguction, yielding wood
products at the same time.

7.5 Irrigation schemes

Irrigation greatly enlarges the potential for crppduction in the drier
zones and thus is a valuable development. Howeiehas certain
ecological risks as well.
The establishment of irrigation schemes can be eoeapto the effects of
changing river channels after climatic changeséolaggical history. The
Gezira clays have been deposited by branches dltreeNile. Later they
became dry savanna or semi-desert areas. Thetiwngahannels have
more or less reversed this situation, using wdténeBlue Nile again. The
resulting ecosystem is completely man-made however.
The demands for a rational land use and mechamisave completely
dominated the design. No place has been reservedhé variety of
vegetation of old landscapes. Small tree plantatioray be present for
fuelwood production, but often the schemes aresetit sufficient in this
respect. In the internal environment of the schemisgases such as
Malaria and Bilharzia are important. The permamaate or less stagnant
water of the canals gives good chances to the reofdhese diseases. The
difficulties of preventing the spread of BilharZrairrigated areas is well
illustrated by the Gezira scheme. One million hextaof what was
formerly part of the semi-desert and Sahel zonendger irrigation from a
single water source on the Sennar dam. From the lveginning efforts
have been made to prevent the spread of the djdeatseontrol has been
ineffective, in spite of the efforts of a very dées staff and a very
considerable expenditure.
Similarly, hydroelectric schemes increase the riskOnchocerciasis and
riverblindness. This is because fast flowing wadsrpbtained below a dam,
is ideal for the larvae d@imulium The building of several dams on the Nile
(Blue, White and Main Nile) has produced additiolsdes that are ideal
breeding sites foChironomids An increase in the population of 'Nimitti'
has resulted, since these dams increase the pimduaft Phytoplankton,
which acts as food for the developing larvae.

189



In the establishment of new schemes the traditiosals of the land are
often neglected. If these were farmers, in permagettlements, they may
be offered plots in the new scheme, but if theyensattle-herding people
using the area only part of the year, their intsrase often not considered
at all. They will loose an important link in theinnual cycle of migrations.
They will have to avoid the area of the scheme emwcentrate on the
remaining land, causing problems of overgrazingeth&he rapid decline
of Dinder National Park in recent times is parthedo the establishment of
the Rahad scheme, forcing the cattle-keepers &y &md park and compete
with the wildlife for grazing resources.
A major risk of irrigation schemes is salinisatisrhen salty groundwater t
comes to the surface because of the changed vwadéerde in the area. As
described in section 5.7 part of the Managil extanto the Gezira scheme
had to be abandoned because of this.
Generally one can say that the larger the schetmesarger the unexpected
and undesired side-effects can be. The creatiorartificial lakes for
irrigation purposes can have enormous side-effétis.example of the
Aswan High Dam may illustrate this. The Aswan Highm was built to
store water in the season with a high riverflow dige in the season of a
low waterlevel, to increase the intensity of irtiga for crop production. .
Storage is also meant to accommodate for yeardoiced riverflow.
A first effect of the dam was that the people lyim the Nile valley
upstream of he dam had to leave their land. Butetlzge many effects
downstream as well. The silt which was formerly agfed on the land
during the flood season now accumulates in the.l@ke natural source of
soil fertility is lost and agriculture becomes degent on inputs of artificial
fertiliser. In the mean time silt accumulates e tlake, clogging the
electricity pipes; storage capacity of the lakeused for silt in stead of
water. Loss of water from the lake by evaporati®migh, because of the
waterhyacinths and other waterplants, benefittirmgnf the silt. Changing
the regime of riverflow has other effects as wé&lhe Nile delta in the
Mediterranean Sea has been a fertile, intensivedyl area since thousands
of years. But the delta is a balance between sifiodit by the river and
erosion by the sea. Now that the riverflow has bessluced by the use of
water for irrigation, the sea ingresses into thelland valuable land is lost.
The delta also used to be important for many fisbcges. The results of
marine fisheries in the adjacent sea however, eHboav marked decline
after the establishment of the dam. The reduceatbasil of the river is
considered to be the main reason for this fact.aBse of the reduced
siltload, algal growth is reduced and all subsetjs&ps in the food chain
are affected as well. Another problem caused by ltke is that the
riverwater has become more saline. This is pardgabise considerable
amounts of water from the lake leak into groundwétevs, changing their
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pattern, and partly because of the reclamation et tand. When salty
groundwater around the former riverbed became phrthe circulation
system, this salt got mixed through the whole systAny change in the
pattern of movement of groundwater is risky. Irtiga with saline water
contains the risk of spoiling the soil by formatiofh salt crusts on the
surface. The rise and decline of many Middle Ealtpes in historic times
was associated with the initial success of irrgatand the subsequent salt
problems.

Of course all these negative aspects have to bsidemad with respect to
the positive ones of an increased food productigut. usually the people
who suffer from the negative aspects are not thes avho mainly benefit
from the positive aspects.

7.6 Pest and disease control

Pests and diseases are important limiting factorscfops, animals and
man. Measures to control these pests and diseasdharefore directly lea
to an improvement of the production or well-beiBgt many of the control
measures have negative aspects, which usually apftea a few years,
when the first excitement about their successnpred.

DDT is a not-naturally occuring chemical of higkitoty to insects as well
as other organisms. It is very persistent, whiclamsethat it is not broke
down at all or very slowly by decomposers. Oncéhds entered the
ecosystem it will remain in circulation in food éhe for a long time. DDT
was developed during the Second World War and praee be very
effective against mosquitoes, lice, fleas and othsects causing human
diseases. Later on it was used on a large scabpfaying against crop and
animal pests. Now it is present in nearly all oigars of the world, even in
human breast milk and in penguin living on the &detle, although DDT
was never directly sprayed there. If you try to kvout the food-chain via
which penguins and human beings take in DDT, yoll gée that it
involves many steps. In the Western world the ukdODT has been
banned, because it is considered to be too darge@though they)
continue to produce it for export to other courstrie.). In the Sudan the use
of DDT was stopped in 1981 for the Gezira; in otparts it is still used
against mosquitoes.

After DDT has been sprayed most of the insectsdiéll The DDT will not
remain on the spot where it was used, but will agrever a larger part of
the environment causing pollution. DDT will remamthe ecosystem and
all natural enemies and decomposers of the inseititconsume DDT.
Many of the predators of insects will be killedchase of an accumulation
process, illustrated in fig. 7.9. A large partloé food any organism
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Figure 7.9 Accumulation in the ecological pyramit fsubstances which are
excreted; the same amount leads to increasinglh leigncentrations in the high
levels of the pyramid, due to the smaller biomasssh accumulation has been
found for DDT, mercury, PCB's etc. (or.).

consumes is excreted or used for their energy-gupply a small part will
remain in the body. DDT however is not used or ebtaxt, but mainly
stored in fat tissue, If an organism continues dascime food with low,
concentrations of DDT, gradually a high concenbrattan be built up in its
fat reserves. The figure illustrates this by shaatime same amount DDT -
particles in all layers of the ecological pyramidth a concentration rising
the further we go in the food-chain. Predators twa tbp of pyramid are
easily killed, especially during seasons when thsy their supplies, during
breeding or migration, Spraying with DDT sometimessults in the
immediate death of predators, as is sometimes ise€mezira for Crested
Cranes and White Storks, or after spraying arowndés with lizards and
bats, but more often it results in a slow but sgeddcline of these
organisms by the process of accumulation.
When the natural enemies of the pest are killedurab checks on
population growth of the pests are removed andxa mgtbreak can more
intense. It is sometimes said thia¢ surest way to create pest outbreaks,
is to start spraying pesticides advertised to control the predators are
killed and an outbreak can be the result.
This can be well illustrated by the experienceshveaibtton pest control in
Gezira, (figure 7.10). Cotton is attacked by mangetcts. Growing large
areas of cotton therefore contains the risk of pesgbreaks. Before 1945
pest control was achieved by non-chemical meaargfd field sanitation,
proper soil tillage, balanced crop rotations andstdct administration
enforcing control measures, reducing the carry-afepests and diseases
from one season to another as far as possible. dllesved for little
freedom to farmer (tenant). Still, insects did acand the first experiments
on the use of DDT showed an increase in cottonymiah of 20-40%. A
gradual
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Figure 7.10 Cotton yields in the Gezira and the oé@esticides. Between 1945
and 1950 spraying resulted in yield increase; ib1%he first negative effects were
seen and yields returned to the original levellB60 land use was intensified and
spraying doubled, with good results in the firsayebut again, setbacks in the
next; in the period 1960-1978 the intensity of gprg increased steadily but yields
still fluctuated around the 1945 level; since 1988 use of DDT was stopped with
more personal interest of the tenant-farmers; tinst fesults of this policy are
promising (data from Sudan Gezira Board).
introduction or insecticides (mainly DDT) was ailaj step. At the same
time the farming system was changed in a direatfdnigher risks of insect
pests: a more intensive use of the land, with gelaarea used for cotton;
new high yielding cotton varieties without incredseesistance; earlier
sowing; denser crop stands; the use of other ciopgke rotation which
harbour cotton pests (groundnuts replaced thebdidan Dolichos lablab
and harbours the Amerian bollworm). Birds had hiegportant predators of
bollwonn pupae in the dry season. The use of DDFadesed bird numbers,
along with those of other predators. The use of DBdulted in a decrease
of three common pests (Stembor8plenopterp thrips Helcothripg and

seedbug @Qxycarenuy but in an increase of three other pests American
bollworm (Heliothis), Sudan bollworm Diparopsi§ and whitefly
(Bemisig.

The number of sprayings increased to about 7/yeak9i77, but still the
increased whitefly incidence could not be check@titefly produces sweet
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excreta which make the cotton lint sticky and uselén fact the increase
whitefly as a result of the use of DDT was not yrepted. As early as 1961
it had been investigated without any change incyoliThis neglect of
warnings was at least partly due to the fast tipmayeng was done by
pesticide marketing firms in Europe, through paekagals: the firms got
payed spraying large parts of the Gezira in a tey@ar, guaranteeing high
yields in that particular year but not feeling resgible for an increase of
problems in the next year (in fact they benefifredn the increased demand
for spraying. ..). In the late 1970's this leadatsharp decrease in cotton
quality, with large economic effects. It is difficto return to the pest
control (situation of before 1945 (especially as kbw amount of freedom
of the tenant is no longer acceptable). Some fdrgompromise has to be
found 'integrated pest control’, with a minimum o$aelective insecticides
maximum use of cultural control procedures.
As explained in section 3.5, most mosquitoes dierdhe DDT-spray, but
the very few which happen to be resistant will gedre chances for
reproduction. After several years of spraying a stmerable part
mosquitopopulation will be resistant and will nonder be affected by the
DDT. In 1977 it was shown by investigation that wopaisoes from and
Khartoum were highly resistant against DDT whicls l@en in use since
the fifties, while mosquitoes from Port Sudan wHess DDT ha sprayed as
yet, are still sensitive to spraying. This processlevelopment resistance
should be a warning against indiscriminate use loé tsprays for
‘prevention’, as it will make the chemical ineffeet when it is really
needed. The natural enemies of the pests can geredistance as well, but
it will them much longer (section 3.5).
So, after ten years of use of insecticide the itssace no longer killed,
while the natural regulation has disappeared. Meecticides are made by
industry, but after some years they will becomdfantive as well. After
the discovery of the negative side effects of DD¥search has been
directed to find chemicals which are less perstséerd which are more
slpecific, killing the target organism only, withoaffecting the rest of the
ecosystem. But such chemicals are hard to findthatdmakes them far
more expensive. A good alternative for DDT is fodmay Pyrethrum-
plants which are grown in the uplands of Kenya.yTtentain a substance
with favourable qualities as it is not persistent aeasonably specific,
killing insects only.
Several other pesticides cause similar ecologitetts as DDT. Chemicals
used to treat seeds against fungal attack contarcury which can
accumulate just as DDT and is a real threat to muimealth. Dieldrin,
which is used for locust control by spraying frdme @ir is as persistent as
DDT and is dangerous for grazing animals as welilasan beings.
In the Sudan chemicals (‘pesticides’) are also apeatllarge scale to destroy
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Figure 7.11 Manatee, a West-African
relative of the animals which keep the
waterhyacinth under control in its con-
tinent of origin, South-America. (or.).

Quelea-weaver birds (Sudan dioch) and waterhyazinthe weaverbirds
are usually sprayed in their breeding coloniesngisairplanes. Large
numbers of other birds are killed as well, espéciflthe spraying is done
under conditions of too much wind. The practicgpqisoning water pools
has obvious dangers as well. The waterhyacinths@riatted by spraying
large amounts of the herbicide 2,4 D from airplaoeboats. This herbicide
kills many plant species, including crops such a#on, so there is a
constant danger that the chemical will spread &asmused for irrigation
agriculture. Succes in combatting waterhyacinthsdrdy been very partial.
The campaign started in 1960 and is still goinglarthe papyrus swamps
many parts are inaccessible and 'breeding siteg/atérhyacinths remain,
continuously supplying the downstream stretcheghef river. Therefore
spraying is not very effective, it is expensive d@ndas negative influences
on the environment. Alternative control measuresehbeen sought. In
South America where the waterhyacinth is nativeiows organisms help to
keep their numbers down: several insects eat fimenleéaves and whole
plants are eaten by Manatees (fig. 7.10). Manateeslarge fresh-water
mammals. Manatees also occur in West Africa antaasnland as Lake
Tchad. They may once have occured in the Nile aH. Wdey are
potentially important for the control of waterhyaitis but they are
endangered with extinction because they are ovéeldubecause of their
edible flesh. So introduction should be combinethwairotection. In Sudan
trials are currently done to introduce some SoutheAcan insects eating
waterhyacinths as a form of biological control.

In programmes for 'biological control' natural emnesrof the pest or disease
organisms are stimulated or measures are takenet lthe life-cycle of
the pestsQueleacolonies are dependent on the vicinity of drinkingter
and suitable bush for nesting. By preventing thesgiirements near the
crop fields most damage can be avoided. But ofssbguch deforestation
causes problems as well. By stimulating fishes ifepdsnails (e.g.
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catfishes), Bilharzia problems can be reduced. Gtess-carp, a fish from
China which consumes large amounts of waterplaartsbe introduced to
reduce the occurence of algae and water weedseara the occurence of
shails and Bilharzia. The introduction of fish&sanbusia, Tilapia into
wells and ponds to eat mosquitoe larvae is an edtthrtique in Africa,
worth keeping. In many other cases biological aintnay be possible as
well, but it requires a much better understandihthe ecosystem.
The main successes of biological control have laedmeved in the control
pest species introduced from other continents agdhe Waterhyacinth and
several other weeds in the Sudan. The introdudtionatural enemies of
these immigrants from their home countries has seEgessful in several
cases in Australia and America.
Much research is required to make sure that theiepantroduced for
biological control will not become pests themsejuag eating other types
of food than the original pest organism. It is impat to note that the
biological control will not completely eradicateetipest, as the introduced
natural enemies would not survive in such a caselo&ical control will
only reduce the population size of the pest organishether or not these
reduced population sizes are acceptable, depentle ituation.
Quite often the complexity of relations betweentpaganisms and their
environment is such that factors contributing tatoal are only recognised
as such when they no longer function. The soaple@ynple of fig. 6.3 is
a good example of this. It is to be hoped that rible of Balanitesin
Bilharzia control will be investigated before it igo late. The increased
migration of people from the floodplain to and framigation schemes
already increases the risk of Bilharzia spread.

7.7 Green revolution

In the 1960's all over the world people startedakjpey about a 'green
revolution'. Modem agricultural techniques and kyg#lding varieties had

been developed for wheat and rice which could emmdood production all

over the world dramatically, solving the hungerlgems of the urban poor.
In practice, the green revolution was only a phsigcess, only in part of
the tropics and only for a minority of the farmers.

Ideal plants do not exist and the outcome of acsele procedure is

dependent on the conditions used. Generalisingcanesay that the 'green
revolution varieties' give a high yield on verytiier soils, with a good

water supply and the use of many pesticides torabpésts and disease. In
the conditions of most of the fields of small farmé¢he yield of the new

varieties will be the same or less than that of tfalitional varieties,
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selected by many years of growing under local dinti. The new
varieties are only successful if additional sourcdssoil fertility are
available and if other techniques for pest cordrelavailable.
Adjustment to the local climatic conditions is nesa&ry and careful testing
of the new varieties in the complete farming sysieessential. This means
that a relatively slow evolutionary process of stta for each set of
conditions is the only possible way, in stead wé&aolution'.
Mistakes can easily be made, as was shown in SoutBadan in the
Greenbelt, where a new maize variety was introdwdeidh gives a higher
yield, even under average farmers conditions. Biet maize cannot be
stored with traditional methods, as the cobs arehmmore sensitive to
attack by storage insects. Thus the gain of a Inigiedd is quickly lost for
the farmer, who cannot but sell the maize justrdfsevest, when the prices
are low. This example shows that even, if higheldg are obtained, the
small farmers may not benefit; the benefit may ganerchants and to the
towns.
The main problem with the 'Green Revolution' pr@ata is, that it creates
false expectations of quick success. The ideatligasame answer can be
used for all questions, leads to the uniformityrano cultures with a high
dependency on artificial fertilisers and pesticjdegh resulting problems
of pollution. The alternative is to improve therfang systems from inside
making a more intelligent use of their complexltys not surprising that in
research programmes testing new introduced vasietigainst local
varieties the difference between the two decreasetpecause the new
varieties changed but because better local vasietiere found. From a
careful selection of the genetic resources in theally adapted crop
varieties more real progress can be expected tioam 't5reen Revolution'
varieties introduced from elsewhere.
A major problem is the increased dependency on-gemtliction firms.
Many of the green revolution varieties are hybridsich means that they
cannot be multiplied by the farmer but only by #eed, production firm.
Instead of keeping part of the harvest as seedsexir year (and possibly
improving the adaptive value of the 'crop by séteni the farmer has to
buy new seeds every year. When the traditionaktias have disappeared
completely, the farmer has become completely degr@ndn the market,
with the risk of interrupted supply at certain tenémprovement of the
varieties has now become dependent on the seedghi@d firms, as the
farmer's selection activities have stopped.

7.8 Overhunting and overfishing

Populations of wildlife and fishes are importantumal resources. But
when they are not managed correctly they can e&&lyestroyed, by
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overhunting and overfishing. The effects of ovetinghare clear to any-
one who hears or reads descriptions of the abuedahavildlife in the
Sudan a century ago. The large migrating herds ofc&» and Oryx
gazelles in the Central Sudan have been decimateise. Even in the
more scarcely populated Southern Sudan the redudaifowildlife is
evident. On the map in fig. 6.8 wildlife migrati@mound the floodplain is
sketched and it is clear that wildlife only thrives the empty parts, not
used by man and cattle. The Southern National Panlth of the road
Wau-Tonj-Rumbek occupies an area not used by maause of tse-
tseflies.

Habitat destruction by desertification, savannatnd deforestation and
the obstruction of migration routes by irrigatiawhemes, roads, canals and
other development projects are responsible for peemanent dis-
appearance of wildlife, after overhunting has redLiheir numbers

Figure 7.12 Decline of Tilapia (Sarotherodon escitlis) fisheries in the Kavi-
ronde Gulf in Lake Victoria.
The catch per standard net was around 25 at thabéishment of the fisheries
during the 19-th Century; the subsequent declinthésresult of overfishing and
the introduction of exotic species competing (offipia-species, around 1950)
or predatory (Nile Perch, in 1960). Small-scale aeery of the fish populations
occured during World War 1l and when legal redinas were introduced on the
nets used, to protect young fish (but adequaterobtat implement these measures
was lacking). (Based on Lowe-Mc Connel, 1977)
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already. Southern Sudan was at one time famoushfodarge herds of
elephants. Since the middle of the 19th Centurytribde in ivory (as well
as slaves) increased and elephant numbers have done rapidly.
Poaching for the valuable ivory will soon limit thaumbers to a few herds
in incompletely protected National Parks.
Ivory was one of the first natural resources torblebed from Southern
Sudan during the colonial exploitation and thisst8l continuing. The
increased availability of fire arms has further mygited the problems along
with the involvement of some politicians.
Policies to legalise a limited degree of huntinffesurom lack of adequate
data on population sizes and insufficient knowledgfe the species
concerned. Large parts of grazing land in the saaaan probably be used
more efficiently by wild herbivores than they caa lby cattle. A careful
management of wildlife with controlled hunting israluable alternative to
agricultural development.
The fishery resources in the many tributaries i Nile are many and are
not yet fully used. Locally, fishery resources haleelined by overfishing,
especially where techniques are used which killytheng fish as well, such
as fish-poisons or nets with a small mesh sizether countries projects to
improve fisheries, sometimes called the 'blue nati@h’, have often lead to
overfishing, destroying future resources afterratial period of success.
Examples of overfishing after the introduction odadem gear can be found
in two parts of Lake Victoria. Fig. 7.12 shows tthecreasing amounts of
Tilapia-fish caught per unit effort in Lake Victariin the period 1950-1975.
This decrease can be related to the increasingdsfforts, using nets with
small mesh sizes, in spite of regulations. Theothiction of the Nile Perch,
a predator of Tilapia further contributed to theclde of the Tilapia
population.
Another example comes from the Mwanza Gulf on th@ZEnian side of
Lake Victoria. Around 1975 large sized trawler figh boats were
introduced, because initial estimates predictedtahcof 60 tons per day of
the Cichlid fish Haplochromis The trawlers can only fish in deep, muddy
parts and the expectation was that after catchahgffom these parts, fishes
from the rest of the Gulf would restock the deeptgpaontinuously. But
after three years of fishing the vyields declinedthaut ever having
approached the estimated 60 tons per day. Ecolagisaarch then showed
the initial estimates to have been wrong. In stefdne species, there
appear to be as many as 200 different specié¢tapfochromis each with
their own microhabitat and with adaptations to ecé niche. This extreme
example of niche-differentiation explains why thén@usted parts used for
trawling are not replenished. Species from the msigring waters lack the
necessary adaptations to live there. More detadsdarch has now given
advice on
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Figure 7.13 Integration of a fish pond into the ment cycle of a farm.
(Appropriate technology source book 2).

minimum mesh sizes to be used and on protectiotheffish in the
breeding, season. Increasing fishing efforts withoareful research is
obviously dangerous development.
An alternative to fishing can be found in usincghfigonds to grow Figure
7.13 shows how a fishpond can be integrated ingo fmming system.
Tilapia has often been used in such ponds, as it can gapidly;
combination of species might improve the efficiengsovided that can be
managed in a similar way.

7.9 Waste-disposal, hygiene and pollution

In section 5.3 the nutrient cycle of a natural gstem was explained. All
nutrients remain in the system and there is no #ualy as ‘waste’. In rural
areas with a subsistence type of economy this enitrcycle is still
functional, though usually on a somewhat largeles¢gure 6.17). All
nutrients taken from the soil return to the soinswhere in the area used
for the shifting cultivation cycle. Human wastes dot cause hygienic
problems when there is sufficient space. In townsaoy other large
concentration of human people human wastes becopnebdem. Food is
imported into the towns, but the resulting wastesnat spread out over
the large areas of the crop fields, but remain entrated near the house,
giving ample opportunities for human parasites disgases to complete
their life-cycle. Epidemic diseases are much mararaon in towns than in
rural areas. In most towns some sort of sewagersyis started to collect
the waste materials. This solves the direct hygiesituation around the
houses, but if the sewage water flows into a rigers often the case, the
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Figure 7.14 Biogas installation as used at theag# technology centre in Torit;

manure and other organic waste matter slowly pagbesugh a tank where

bacterial decomposition produces methane-gas (lEpghe gas can be used for
cooking and is kept under pressure by the levdesbmposed fluid in the outflow;
this waste product is a good fertiliser, as showntlbe luxurious growth of the
paw-paw tree (or.).

washing and drinking water for people living doweains is spoilt by

pollution.

As soon as people live in towns there is no lorgautrient cycle, but a

nutrient flow (figure 7.14). Nutrients removed frothe fields with the

crops do not return to the land after consumptior,are transferred to the

rivers and eventually to the sea. Depletion ofdbiéis the problem on one

side of this nutrient-flow, pollution of the waten the other one.
Initially, a considerable amount of the wastesowris is used by goats and
chicken and returned into human food. As long agic materials form
the largest share of household wastes, free-roagoags and chicken help
to remove them, reduce hygienic risks and at thmeséime form an
important source of protein for the urban poor. ficts with gardeners and
the desire to improve the status of the town wilhtp a town council to
propose a system of garbage collection and depnositi one place. This
becomes more urgent, when the nature of the wasierial changes,
following the consumption pattern, from decomposabtganic material
into non- decomposable plastics, tins, glass, etc.

In the modern Western lifestyle, the amount of wasbduced per person

has increased dramatically. Plastics, glass, tiasagher metal objects are
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not produced for a long period of use, but arenidésl to be replaced
quickly to keep the industries going. These indestcause pollution of the
air and water, and produce many by-products forchvimo other solution
exists than to dump them on the ground, into theemand into the sea. If
the garbage collected in towns and the industriaétes are burned, they
cause air pollution; if they are dumped on the Jahd soil is polluted and
after some time the groundwater as well, makingsaelr drinking water
useless; if they are dumped into the water, theemiat polluted and all
human use of surface water for fishing, bathinglrimking is endangered.
Pollution of soil, water and air has become a mpjoblem in the Western
world, damaging the natural resources for futureegations.
Problems of pollution in the Sudan are mainly fesd to the
industrialised centres in Khartoum North and Poid.
Oil spills are one of the most important threatstiie coral reefs (along
with overfishing and trophy-collection by tourist3lhe temporary closure
of the Suez-canal improved the situation on thestgdaut after re-opening
pollution has started to increase again.
It is annoying to see, that many of the measureb safety-regulations
developed in the Western world recently to redieedangers of pollution,
are considered to be too expensive for developingtries such as Sudan.
It seems as if every nation has to learn the haarg. vidne can only hope
that the recent oil exploitation will not cause lptibn problems in the
flood plain and river area.
The re-use of non -decomposable wastes, as isaloaeconsiderable scale
in the Sudan with oildrums, tyres and tins is apamtant solution in the
initial stage. But the production of wastes shdwdlimited to the amount
which can be re-used and the Western countries &ouary poor example
to go by in this respect. Hygienically safe methodsist to use
decomposable human wastes to make compost, whicthea be returned
to the crop fields to give back the fertility toethand. Few countries are
using these composting methods on a significaiésbat it is the only way
to manage the natural resources of soil, wateragmsiuch that they are not
damaged irreparably.

7.10 Energy

The energy flow of a natural ecosystem was expthiime section 5.4.
Energy from the sun is stored during photosynthbgigplants in organic
materials and is released stepwise during tramsfésodchains, to finally
leave the earth as heat after complete decompuosifithe organic matter.
Traditional human systems of land use follow thastgrn of energy flow,
by deriving the energy necessary for food productieating and all other
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activities directly from the sun, via plant produiaised for fuel or via
draught animals. Technological development has batgome possibly by
a large increase of the energy consumption peopeinergy from fossil
supplies (oil and coal) is used to replace humaysiphl power or energy
of draught animals. These fossil supplies, howeeaee, non-renewable
resources and their availability is limited. Thiashbeen reflected in the
recent increase of their economic price. Renewabégy sources exist in
the form of sunlight, wind and flowing water buettechniques for using
these resources have yet to be fully developed. .
The use of water flow for generating electricitgju@es careful planning
when artificial lakes and dams have to be congdycas illustrated by the
adverse effects of the Aswan High Dam (see sectid&). Part of the
potential of the Blue Nile for electricity has beesed; for the White Nile,
the stretch between Nimule and Juba deserves mtesest. The use of
wind energy, via windmills, has sofar been veryitgd in the Sudan,
although wind speeds are sufficient in many ar€he.energy of sunlight is
used directly for drying various food products tmserve them, but other
applications are limited. Sunlight can be usedg®merating electricity, but
this requires advanced technology, which is notsygficiently available.
Indirect use of solar-energy via plants can be owed if measures are
taken to counteract the deforestation especiatiyrad towns.
When the price for oil increased in the mid-sewsjtthe term 'oil-crisis’ or
‘energy crisis' was used. But a more serious enefigis is affecting the
large group of people dependent on charcoal aridvMoed as their source
of energy. Deforestation has to be stopped by anglé use of the forest
resources and by reforestation of denuded aredsswitable tree species,
protected from fire, grazing and illegal cuttingtlve initial stages.
An alternative source of fuel at a village or hdwad level can be formed
by gasses produced by decomposition of organicenaaterial by Bacteria
(biogas). Human or animal wastes, together witmtpl@mains, can be
made productive by a relatively simple constructinade from oildrums
and other wastes to store gas. (fig. 7.14).
The possibility of harvesting waterhyacinth plafaisbiogas production on
a larger scale, or for compaction into briquettesalernative for charcoal
is now under study. It is to be hoped that themefiads of oil in the Sudan
will not take away the interest in these more pemmh solutions to the
energy requirements of the people.
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7.11 Suggested practical

1. Overgrazing-game
The game can be played by one person or more ameéast to show
some of the processes leading to overgrazing asettifecation.

Requirements ralny seus dry season:
- chessboard WYV WV parly 23 4 56 7|8 90u2
- markers for the amount of grass W; R R SRR
- adie 1 N M
- two herd indicators % R RS P
- registration form: 'Z .............
Rules 2 PRI MM
* I ne sold: ne reproduced

A. Rainfall and vegetation

Characteristic for semi-arid areas is that rainfallnot only low, but also

ferratic. In our game a die will determine the amtoof rainfall once a year for

each field of the board. So the amount of grassvip varies from 1 to 6

markers.

B.Grazing

Each month each cow in the herd needs one unitassg The herd can move

through 2 neighbouring fields per month (as indidah the lower left corner).

In the 7 months of the rainy season all fields rbaygrazed, but in the dry

season the herd must return to the well in the haidfithe board each turn, so

they can only graze in the central 16 fields. & tll requirements of the

cattle are not met, they can be fed at half a mabiat this will affect both the

reproduction and sales value. If a cow is not feallait dies.

The game starts with a herd of 5 cows in one ot#dre fields

C. Reproduction and sale

At the end of each dry season the cows that hase fel on a full ration for

the past 6 months will give birth to a calf. At tkad of each rainy season

cows can be sold at the decision of the playethdaf/ have not been fully fed

in the previous 6 months, they count as %. If teedlconsists of 6 cattle or

more, it may be split into 2 subherds, grazing sstedy. Th subherds must be

joined again if any one is reduced to less thaov@sc

D. Regrowth of vegetation

After the first year there are some additional sufer determining the

vegetation on the basis of rainfall:

— If there is no vegetation left, nothing will grodegsert)

- If the vegetation is reduced to 1 unit there wdldlow recovery: only half
the rainfall will be used (1 0,2 & 30 1,4 & 50 2,63 3).

- If the vegetation is left at 6 and another 6 isottm, the vegetatiol
changes into bush and is no longer palatable.
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E. Aims of the game

The player should try to manage the herd in sualayathat there is maximum
production of cows and yet no desertification. Afemch year you should
count: the primary production of grass, the amoainigrass used and the
secondary production of calves, the number of dgsdches and the number
of bush patches.

F. Change the rulesn any way you like to make it more realistic.

The 'nutrient-flow' game (fig. 7.15) can be playest as the previous
games in fig. 5.14 and fig. 6.17. Discuss the tesalcomparison with
the other games.

Make a list of environmental problems of developtmeanyour home
area: can you see solutions for them?

In many cases ecological problems of developmeatant with social
political problems. Two examples are given hereclwldan be worked
out as 'role-plays":

Role Play Situation one

In an area an agricultural programme has beeraiedito introduce cash-
crops. Extension workers have been working with fdmeners well; the
extensionist has been able to introduce better adstland the farmers are
able to make some profit. So, the programme is idersd as being
successful, and will expand; More agricultural esienists are being called
for.

However, coupled with the success of the farmethés deterioration in
living standards of their women and children. Ma¢hihe land they used to
grow their food on is now used to grow cash cr&s.now they spend a
great deal of time helping their men folk with wewgthe cash crop and
they have less time for growing food {or the congtion of the familly.
Instead of being self-sufficient in their food stippthe family has now
become, partly, dependent on the market and shops.

Even though they have some money, the local foaailable is rather
uniform and often there isn't much to buy at alhnf® vegetables are
available, but not very nutritious ones, few fruasd, only on rare
occasions, meat.

A sharp increase in malnutrition is noticed amoing thildren and this is
leading to diseases and deaths.

Because of this, a nutrition extension worker ibedato give information
about 'good porridge' to help alleviate this situat

Work out the roles of villagers (both men and wojnéme agricultural and
the nutrition extensionist. Concentrate on how I#tger can try to analyse
the situation and look for more fundamental sohsio
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Role Play Situation two

An agricultural extensionist is called in to hetpsolving the problems of a
certain village. The yields of dura here are munkdr than they used to be,
according to what people say. The women are comiptpiabout the
difficulties of getting firewood, for which they mohave to walk very far it
takes them several hours per day.

In the past people never lived in the same plagenfore than one
generation and moved on to new land in such atgituaBut now their
village is near the road, with a school and a pryniealth care unit, so they
do not want to leave these. The Sub-chief who tsde@ the person guiding
decisions about moving is hardly ever seen in thage. He prefers to live
in the nearby town. So the villagers are not ablesdlve the problem
themselves.

Possible roles: agricultural extensionist, sub-Ghidlagers, both men and
women. Show how the extensionist can analyse thatgn and try to help
the villagers in finding a solution.
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8. Ecological analysis and planning

8.1 The need for ecological analysis

In Chapter 7 we saw that many of the recent dewedops have lead to the
creation of new, environmental problems. Some aofs¢h examples
consisted of large-scale activities, planned by theal or national

government. Especially for these cases it may baoab that a carefull

consideration beforehand of the possibly negatige-sffects might have
helped to prevent or lessen these side-effectsyHeehnical proposal for
new developments in land-use, agriculture, watenagament etcetera
should be thoroughly analysed on the ecologicactdf as well as on the
social and economic effects, before a politicalislen can be made to
accept the proposal, to change it or to reje¢Figure 8.1).

Figure 8.1 Schematic representation ~f the waysieas should be made about
development plans; technical plans have to be evatlion economic, social and
ecological merits before any political decision abtheir implementation can be
made. (or.).

economic analysis
and evaluation

tech?xgax'l' , A social analysis political
| possibilities ‘ and evaluation decision

ecological analysis :-A,"'
and evaluation S

4

4
search for better alternatives M~ [ implementation |

It is always much easier to tell what went wronig@abards, than to predict
these negative aspects beforehand. Any predictitinkeep a degree of
uncertainty and the worst possibilities have tacbesidered. But the final
decision remains a political one, weighing the masi pros and cons. As an
example of the, role to be played by ecologicall\aig we will now
consider three cases: the Jonglei canal, the Irgatwuntains and the dry
savanna zone.
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8.2 Jonglei canal

8.2.A. The Equatorial Nile Project
The first plans for digging a canal to bypass tlheldSoriginated in the
beginning of the century. The water losses in,3bdd by evaporation and
seepage were calculated to amount to 50% of therwéthe Bahr el Jebel
and more than 10% of the total water flow in alleNbranches. In 1938 a
serious proposal was made to reduce these logsesEdquatorial Nile
Project.
This proposal consisted of manipulating the outflwiwhe Equatorial lakes
in Uganda to store extra water during the wet seasal to release it during
the dry season when the Nile's natural flow in Egyps inadequate for
irrigation. A canal system with a capacity for 53lMn cubic metres a day
should bring this water past the Sudd.
The Sudan Government of that time was wise enowghtanaccept this
proposal as such, but to appoint the Jonglei lig&sbn Team to
thoroughly analyse the effects on environment aethsand economic life
of the local people. The result or this investigatwas a four-volume
report in 1954, predicting so many negative consages that the original
proposal could not but be rejected by the Goveritmen
The Equatorial Nile Project would have resultecaicomplete reversal of
the flooding regime of the Nile in the floodplaifihe toic's would have
become dry in the wrong season to be usefull ingtlaging cycle of cattle
and wildlife and their role as breeding ground fishes would have been
eliminated. Clearly, this Equatoriaf Nile Projecbwid have been in the
interest of Egypt only, destroying the means okliood of the local
population of the floodplain. This thorough evalaat of the project
beforehand was a major achievement and still stasdan example for
other projects.
The Jonglei Investigation Team suggested that thg form in which a
canal could be acceptable would have to leave ltdmlihg cycle as it is
and the canal should have a smaller capacity.
The various changes in the political situation sitttat time decreased the
influence of Egyptian interests (through the AnBlgyptian colonial
administration the whole Nile valley used to beoite hand) and a project
like Equatorial Nile Project became no longer felesi By building the
Aswan High Dam around 1960 Egypt made its own mions for
manipulating the seasonal flow in the Nile and #spect of the Equatorial
Nile Project became unnecessary. But the need doe mrigation water in
Nile for Egypt and Northern and Central Sudan remaiand became more
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urgent as both countries approached their quotardicg to the Nile
Waters Agreement of 1959.

8.2.B. The Jonglei canal, phase 1
A new plan had to wait till after the Addis Abebgreement of 1972 and
had to be formulated in such away that it wouldirb¢he interest of the
local population as well.

Rumours that Egyptian farmers would be settlechenarea while the Sudd

would be drained, caused protests of the inhalsitahthe area and bloody

riots in Juba in 1974. But these rumours were aseHd on facts.
The new proposal ‘Jonglei Canal, Phase I' is qditferent from the
previous ones. It consists of a smaller canal (@ap&0 instead of 55
Million cubic metres a day) and no change in tlo®dl cycle. The canal
will accompanied by programmes to improve the grgpotential of the
area, to create new possibilities for crop growgtihe local inhabitants, as
well as improve medical, educational and econonossibilities. The
significance of the future canal for transport mspdasized and the project
clearly no longer is a purely Egyptian interest.
Still, the publication of the project in 1974 aredsconcern of ecologists
and 'environmentalists' in Sudan as well as intenally. Part of this
concern was based on confusion with the previo@nslor on wild
speculations without grounds. But another part gesuine. The plans
have been modified again as regards the alignnietiteocanal and there
will be a continuous study of the effects, both issrvvmental and socio-
economic, to watch against and possibly countexrdegrse side-effects. In
many ways the project still is an experiment, tfieats of which cannot be
fully predicted. We will now consider some of tlemaining uncertainties.
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Figure 8.2 Vegetation of the Sudd and the futuragls canal (from Bor to
Malakal);

A general zonation of the vegetation along therriean be seen; open swamp
occurs in the areas relatively poor in nutrientsdasilt, away from the river and
upstream of the main papyrus swamp; the grasslaast Bf the Jonglei canal is
seasonally wet because of ‘creeping flow'; the tailainterrupt the drainage of
these parts in the future. (source: Mefit-Babtiteinm report 1980, vol. 2).
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8.2.C. Possible ecological effects
O Effects on waterlevels and vegetation
The present vegetation zones are shown in fig.[Be3pite all the energy
and time spent on surveys and measurements, &wlgaediction of the
waterlevels and hence vegetation zones after thpletion of the canal is
still not possible.
The flooding of the toic's and intermediate landmes from three sources:
spill-over of riverwater over the banks of the riadannel, local rainfall in
the wet season in excess of the transpiration afiération into the clay
soil, and 'creeping flow'. This ‘creeping flow'tiee superficial drainage of
excess rainfall in the large almost impermeably gkin adjacent to the
Sudd with a very small slope to the North-West. Pian is too flat for
rivers to form, especially on the Eastern bankefNlile up to the Ethiopian
highlands.
The canal will reduce the spill-over of the rivemdawill intercept the
creeping flow on the East bank. Part of the prepenthanent swamp will
only become seasonally flooded toic and most ofpitesent toic will be
dry for a longer part of the year. The pondinghaf flood plain in the rainy
season because of local rainfall will still occbut the land will dry up
faster in the dry season. The complete zonationd$eid-intermediate
land-high land will be shifted towards the rivehéeldegree to which this
will occur remains uncertain, because the futuverfiow of the Nile is
uncertain.
In 1961-1963 the riverflow of the Bahr-el-Jebel agndoubled and this
caused the swamps to expand. The Zeraf-island ardly flooded, causing
problems for the Nuer living there. In the othertpathe floods disrupted
the grazing pattern to a smaller extent, but ssilhce then the major
concern of the people has been too much wateer#thn a shortage.
The reason for this increase of the Nile flow wassa in the level of Lake
Victoria by 1 a 2 m, for reasons which have remdinbscure. Since that
time the levels seem to gradually go back to th@01§ituation, but it may
take another 15 years before that situation ishedcSufficient data are
lacking but there is evidence for a rise of theerilevel before, in the
middle of the 19 Century and around the turn of the century.
If the Jonglei-canal Phase 1 would be opened nbevriver flow would
more or less return to the 1960 situation. In teapect the canal fits within
the 'natural' fluctuations of the water level ahé t/egetation and fauna
may be expected to adjust itself to the new sibumatBut if the river levels
will then continue to drop their 1960 level, thedtiplain will become drier
than ever before. Permanent swamp will then prgbiadllimited to the
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Figure 8.3 Evaluation of the effect of the Jongianal on the permanent and
seasonally flooded area in the Sudd; calculatiomsenmade to show the effect of
the canal if it would have operated since the sbéthis century. (from: Sutclilfe &
Parks)
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Southernmost part of the present Sudd and to areasd the outlet of the
canal. Figure 8.3 shows the estimated areas oflifigoif a canal would
have operated from the start of the century. Irtageryears, e.g. 1913,
1923, 1925 and 1945 the permanent swamp would tdried up

completely during the dry season if a Jongleicamauld have been

present.
Because of the increased water-flow on the oufi¢h@ canal in the Sobat
river, the water level here will rise due to whatdalled a ‘back-water'
effect. Just upstream of the canal-outlet somehef gresent toic's will
become permanently flooded and new grazing landhaite to be found

All the present vegetation types and ecologicald@émns will remain in

the area, but their distribution will change. Tb's are in many ways the

most important part of the zonation (for grazingtlea wildlife and

migrating birds in the dry season and for breediistyin the flood season).

Toic's will remain on the fringe of the contracfeermanent swamp.
Much depends on the manipulation of the creepiogv fbf the Eastern
plain. Increased possibilities for year-round gngzinay be created through
small dykes and dams keeping water out of somes @amtl concentrating
water in other parts and hafirs to supply drinkivater. An interesting new
situation may arise, but the natural conditiontheftoic will be lost.

0 Effects of the water balance on a regional scale

Wild speculations have been made about possibietsffof the Jonglei-

canal on the rainfall in the rest of the Sudan. [Binge evaporation of water

in the Sudd and floodplain may play some role im tainfall for the area

downwind, to the North-East, but certainly not loe whole of the Sudan.
The main share of the water-vapour for any rairdathes from the Oceans,
but local evaporation might have some triggerindeaf stimulating
rainfall. If this is true, after the rise in floalels in 1961 a stimulating
effect on rainfall can be expected for the areah® North-East of the
floodplain. There is some evidence that the droughhe Sahelian zone in
the seventies
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Figure 8.4 Records of river flow, at Mongalla (mff) and Malakal (outflow)
showing the regulating effect of the swamps: thtdlaw is relatively constant

compared to the variations of the inflow (sevenrgeaoving mean), (from:
Sutcliffe & Park).

was not as strongly felt in Eastern Sudan. Rainfaltords to fully
substantiate or contradict this view are lackingwéver. The natural
variation in rainfall from place to place and froyear to year makes it
difficult to prove any such influence, given thestty of rainfall records.
A future decrease in the evaporation of water i@ Swamps might
accordingly be expected to have an effect on rjrifat this influence, if
present at all, will be gradual. Part of the wagained will be used for
irrigation agriculture in areas not too far frometisudd, and will thus
evaporate in roughly the same area, offsetting peny negative effect.
Summarizing, the possible effects on rainfall witht be of a dramatic
nature.
As figure 8.4 shows, the Sudd as a whole is reigpgathe waterflow:
despite large fluctuations in inflow, the outflosvrelatively constant.
Part of the water losses in the Sudd is probablg tu leekage to
roundwaterstreams. If this seepage would be redafted concentration of
the swamps, groundwater supplies of the dry savaume might be
affected. The major part of the area has a cldyofddw permeability and
will not contribute much to seepage. Sandier partgshe area might
recharge groundwater in Nubian Sandstone, but iy information is
available. Negative effects of contraction of thesps might be offset by
creased leekage from the Nile-valley North of Malak
Papyrus swamps show a luxurious growth, suggestihggh transpiration
rate. But in fact their water use is less thandhaporation from an open
water surface especially if wind can cause wavetherwater. Water use of
a papyrus swamp is about three-quarter of (to edoplopen water
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evaporation, while for waterhyacinths water usalisut double that of an
open water surface. Water losses in the Bahr-ek@avamps, with a poor
vegetation are proportionally much higher tharhie Bahr-el-Jebel papyrus
swamps, Any increase in occurence of waterhyaciditwnstream will
result in large water losses. By complete contfalaterhyacinths along the
whole Nile, more water would be conserved thanheyJonglei canal.
Papyrus swamps are very efficient in their watee. udardly any plant
grows faster, using the same amount of water. dhngues would be
developed for using papyrus fibres for making papsran energy source
(through biogas for example) or as raw materialdoemical industry, the
reduction or loss of the swamps as a biologicadigy\productive ecosystem
might be regretted later

O Creating new swamps North of Malakal
It is quite obvious why there is little papyrus sm@between Nimule and
Bor. The gradient in the river causes a fast streemch is not suitable for
papyrus. Also, the riverbanks are high enough &vgmt spill-over. North
of Bor both these factors change. The gradiertien/Z70 km long stretch to
Malakal is only 5 cm/km and the rate of flow desesafrom 1.1 m/s at Bor
to 0.6 m/s at Lake No at the confluence with thérBal Ghazal. But it is
not quite clear why the Sudd ends near Malakal. @ifzelient North of
Malakal is even less, 1.5 cm/km up to Jebel Audimdand the rate of flow
consequently drops till 0.1 m/s. The river flowsarwell defined but broad
channel. Physical conditions for swamp developnsesim to be present,
without being realised.
An important effect of papyrus swamps is that taetyas a filter for silt and
nutrients contained in the water. After passageutin a swamp the water
contains much less silt. Oxygen levels fall rapidiyhe swamp and the pH
drops. Sulphate-reducing bacteria can live in wafighout oxygen and the
production of HS-gas is evidence of their existence in the SudterA
passing through the swamps almost all of the stdpimathe Nile water has
been used. The lowering of the pH leads to an as&é availability of iron
and phosphate, as long as there is some absortiad 8ilt particles. This
phosphate can then be used for plant growth. Timeerdration of other
salts can rise because of the concentrating affesater loss. It seems as if
the Sudd extends for as long as there still ateasid nutrients in the water
and ends if these fall below critical values. TrehBel Ghazal has lower
concentrations of nutrients such as phosphatettt@Bahr el Jebel and has
a much less luxuriant papyrus swamp development.
From this point of view one may expect significahtinges to be caused by
the Jonglei canal bringing water with a high sildanutrient content from
Bor to Malakal. North of Malakal ideal new chandes papyrus swamp
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will be created: slow-flowing water with much siRapyrus swamp can
harbour 'breeding sites' of waterhyacinths out wihan control and the
simulated water-hyacinth growth in the Jebel Aukservoir will lose a
considerable part of the water gained by the cafAhkady there are
concentrations of water-hyacinths around partlywared trees in the Jebel
Aulia reservoir which can be the starting points few swamps. The
chances for mosquitoes and snails will improveMsdaria and Bilharzia
can increase. The silt-load of the White Nile ia tiew situation will fill in
Jebel Aulia reservoir in the same way as happenshén Blue Nile
reservoirs at the moment.

In this view the canal might result in many chanbesth of Malakal. The
Sudd has been described as merely weed growthkibépoavigation and
evaporating water. But the papyrus swamps playrgoitant role as filter
and buffer, regulating water and nutrient flow. &axf this function may
the problems downstream.

O Effects on fish population
Many people have expressed concern about possgigtive effects of the
cannal on the fish population in the Nile. Againgtdifficult to predict
accurately what the effects will be, because tleeding habits of many of
the Nile fishes are still unknown. The toic anohde of the permanent
swamp is used, by some fish species at leastpiwrsing and growth of
fish fry, and fingerlings. The rivers and cannals ach in fish, but inside
the permanent swamp lack of oxygen restricts tleirence of fish as well
as fish-predators. In the rainy season the oxygeeld in the water drop
and a heavy mortality of fish has been noticed.
The toic is important for young fish because mumbdfis available and the
plants give protection from predators. Towards ¢hd of the dry season
nutrients accumulate on the surface as animal dplagt remains or ash
from the fires. After flooding these nutrients dis® and give rise to a high
production of plankton and the following steps e tfoodchain. The
production of young fish is high, but only a smadirt of them will survive
the dry season in permanent water. The majority lvaltrapped in ponds
which dry out completely. Only the lung-fish hasifill a way to overcome
this problem. For all the other fishes survivaltlod dry season probably is
the factor limiting population size.
Effects of the canal on the toic are probably liesgortant for the fish
population than effects on Ute distribution of pamant water. The
fisheries potential of the area has not yet bedly faalised and possibly
negative effects of the canal can be offset by tirgabetter contact
between toic and permanent water. Certainly thénnigoes and the
locations for fishing will have to change.
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[0 Effects on migration routes of cattle and wildlife
As can be seen in fig. 6.7 the canal will intersesteral routes presently by
used by migrating herds of wildlife and cattle, &vds the river in the dry
season and away from the river in the wet seaserth@ cattle migrations
routes are based on traditional, tribal land rigfear has been expressed
that changing the routes will lead to tribal cactdli This concern has lead
to a change in the alignment of the canal, whict waw pass to the East
of Kongor in stead of on the Western side. Along whole length of the
canal crosing points for cattle will be construct®dhether or not wild
animals will learn to cross the canal is uncertsifildlife will be affected
by the new settlements and agricultural developrnedohg the canal
anyway. The part of the canal which has been drgndy but is still not
water filled, certainly is an obstruction to wili@li migration. Poaching
along the canal will become very easy.
For cattle new possibilities or year-round grazingy be created along the
canal, as mentioned under point A. This will casigmificant change in the
social and cultural pattern of the people in theaafor whom the life in the
cattlecamp of the young generation away from thenpeent village is a
characteristic feature.

8.2.D. Final remarks

Jonglei canal offers an interesting case studytierway in which man
interacts with the environment. Positive changetlsd environmental
conditions is only possible, if this is based omraper analysis of the
ecogical situation and the traditional way thisigiton has been used by
man. For a project on the scale of 'Jonglei cahakf a full prediction of
effects beforehand is impossible, as shown by theynmimight be's' and
possibly's' in this chapter. As far as the chamgeains within the range of
natural fluctuations, the ecosystem can be expdaejust itself to the
new situation. Opening the Jonglei canal can bepewed with the natural
changes in the river system in the geological hystawwhen from time to
time new river branches were formed bypassing swgaatpetera. Such
changes have always resulted in local extinction rfimany species,
providing new chances on other places. The canag gie such new
chances as well, but much will depend on the way ¢hnal will be
managed in the future, especially in years of lmerflow as in the 1920's.
Palitical control in such a situation will be impant, but the decisions to
be taken will be difficult: it will affect eitherhie people dependent on
irrigation culture or the people dependent on théural sudd and toic
system.

The title 'Phase I' indicates future plans, on\andarger scale: drainage of
the Machar marshes on the Sobat river, a largagldiooanal and various
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diversion canals in the Bahr al Ghazal system whinfpether might
triplicate the water gain of phase 1. Any decisiornsuch plans should wait
for a carefull analysis of the effects of phase 1.

So far the Jonglei-canal project has been quiteemtianal in the
thoroughness of considering environmental effeeforiehand. It is to be
hoped that all this work can be used positivelyifioproving the long-term
conditions for the local population as well astfog natural elements of the
ecosystem and for the Sudan as a nation.

8.3 Imatong mountains: _
conservation or development/ destruction

The Imatong Mountains are a unique area for theagudontaining the
highest mountains, and receiving the highest rhifffgure 1.9). The lower
slopes are covered by the best areas of rain ftesn the Sudan. The
area has attracted several 'development projedteh may easily conflict
with the vulnerable quality of the natural resostd®@nly carefully planned
projects are acceptable in such areas. Unless andeal plan will be
worked out soon for conservation of the mountaigetation along with a
limited human use of the resources, much destmetit take place in the
near future.

8.3.A. The ecosystem

The Imatong Mountains rise rather abruptly from serounding savanna

covered plain of about 600 m above sea level (@dub). The highest part

is formed by Mount Kinyeti. Two river systems hazaved horse shoe
shaped valleys into the mountains: river Kinyetiwing North to swamps
beyond Torit and the Ateppi river flowing West tows the Nile. Rainfall
data for Katire and Gilo were given in figure 1The middle ranges of the
mountains have the most humid climate. The wespam (the Ateppi
basin) receives the highest rainfall. The zonatbthe natural vegetation

has been shown in figure 2.7.

- a lowland and transition zone (1000-1800 m) diffgrimarkedly from the
surrounding savanna due to the higher rainféfiaya and Chlorophora are
typical species of this rain forest. The best reringi areas of this forest type
are at Laboni, Lotti and Lower Talanga.

- a lower montane zone (1800-2400 m), with Clemlocarpusclosed forest
and grassland on hill tops,

— a higher montane Zone (2400-2900 m) wkRodocarpus-Dombeyapen
forest, with many lichens as epiphytes,

— an Ericaceous zone (over 2900 m) with heather shaald an open vegetation.
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Tabe 8.1 Number of higher plant species collectedaaecent collecting trip in
Imatong Mountains. Species occuring in more thae @aane are counted only
once.
lowland and transition  low montane zonemontane erica-
rain forest rocky forest grassland forest ceous

outcrops zone
trees 30-50 m 21 - - - - -
trees 15-30 m 32 2 15 - 8 -
trees 3-15m 58 3 20 7 8 -
shrubs ) 148 46 28 2 6 4
groundlayer ) 119 99 24 45
lianas and vines 35 7 26 2 2 -
epiphytes 1 - 3 -
Total 295 58 226 110 51 49

353 336

The flora of the mountains is very rich and corgamndreds of species
which are not known elsewhere in the Sudan. Maregisg from the the
area have not yet been described scientificallyler8.1 gives the results
of a recent botanical expedition. About 800 plgmtcies were collected,
more than 150 of which had not yet been recordetierSudan before but
were known from elsewhere in Africa. As a resulttlbis expedition 6
species were described, which are not known fropnather place in the
world. The Imatong Mountains have a unique floradwuse the area is the
meeting point for plants from West African rain det, the Ethiopian
plateau and the East African mountains (Ruwenzoblganda, Kenyan
mountains); because the mountains are relativedjatisd many local
varieties and species have been formed. Figursi®&s two new species
for the flora of Sudan.
An interesting point is that not only the forestmtain species typical for
the Imatongs but the grasslands and open vegetatiomock faces as well.
This indicates that such vegetations must havdeskis the area fora long
time (long enough for new species to develop), lgefthe human
exploitation and modification started.
The high number of plant species of the mountahmsulsl be sufficient
reason to try to protect at least representatigasaof each vegetation type
from negative human influence. In the forests oagild coffee varieties
which may one day be important for breeding nevieo$trains. From the

220



"("40) (yavd jpuonivu 40) 313534 20m3PY SP
apisv 135 3q 3y yorya vav i3 puv 1alosd vag sy ‘Pafosd
Lugsaaof ayy Surmoys aadasai ysauof ayy fo dopyy £°Q 2anS1y

2umfur vewny wef 2.} Hizeqeal ek m“tm

« Yo uoisuaxe d?ﬁwwom ap
suoyeweld poomates wesasd EF

-~

Mod wmpron v seaesas asasaf qepto {10

(12 12 uqua[ swo4f) (o
=5 ‘v = y) suwyd Suspunouns puv supgunopy
Suorwy ays fo sapmmp oy fo dopy ¢°9 andiy

mL NVCS o
9012523 752404

§nwmu
Eﬁm st el 3%_ o0l s

suiezunow _
guaz0buog

Joff ShE O I8

221



Figure 8.6 Two recent additions to the flora of
the Sudan, found in the Imatong Mountains:

A. Ceropegia abyssinicgknown from Ethiopia,
determination: Friis), BDorstenia annugnewly
described species by Friss &

Vollesen). (A. or.).

majority of species no human use is known as ydthey have not been
investigated either.

Wildlife is abundant in the area as well. Colobusl 8lue monkey are
numerous, as is the Bush-pig and the local montace of the Bushbuck
(which can be considered to be aseperate sub-speEikephant, buffalo,
duiker's, hyaena and leopard are most abundarteirsbuth Eastern part
(Kipia and Lomwaga Uplands), the area least fretipersited by hunting
people from the villages in and around the moustain

The forests contain many birds not found elsewiretbe Sudan. The area
is important for migrating songbirds from Europe dtmeir way to
overwintering places in East Africa.

8.3.B. Human use

The Eastern side of the mountains have since laregn linhabited by
Latuka, who named the Imatong Mountains. The Britisolonial

administration resettled these people at the fdothe hills; later they
returned to the mountains. The plains on the Wedsele are inhabited by
Acholi.
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During an outbreak of sleeping sickness in 192y there moved into the

hills. As they were not accustomed to hill farmiegpsion was the result
and they soon returned to the plains; their bii@§ & the hills can still be

traced in the vegetation.

In the 1950 mountains above 1500 m were officidiglared to be a forest
reserve, in which any further settlement was notjtéed.

The higher parts of the mountains, above 2500 rmgezver to have been
inhibited and human influence has been restricidatés caused by hunters
and honey-gatherers and occasional felling of tbgethe latter. Man-made
caused the forest of many hill tops to be repldnedrasslands.

In the 1940's the colonial administration startedowestry project near
Katire, in the Kinyeti basin. Natural forest wast cand replaced by
plantations of fast growing softwoodSupressusand Pinus The project
attracted many people as labourers, who startelisitid farming,
especially during the Civil War. Shifting cultivati has affected the forest
in a wide circle around the forestry project. Eomshas been the result.
After 1972 a program started for rehabilitatiortiod plantations which had
been neglected. A new road was built from Torihydro-electric scheme
for the sawmills etcetera. Katire-Gilo became tbheus of much human
activity. Hill side farming by them is being madengecessary by adopting
agro-forestry methods, by which they can grow maiad potatoes in the
new plantations. Hunting now affects a large pdrthe whole mountain
range. Natural forest in the plantation area ifricted to the steepest. Plans
exist for a considerable extension of the projelgar-felling a part of the
Kinyeti-basin. (Figure 8.7).

Around 1975 a tea project was started at Uppembalamaking use of the
rainfall on this side of the mountains. The projgité may have been well
chosen from an agricultural point of view, ecoladiig it was ill-conceived.
The tea project has opened a new entry into thentams, through the
Ateppi valley. The project has attracted many mpeeple to live the
mountains, without supplying food in an integrafadming system. Hill
side-farming, erosion and an increased huntingspress the result. In fact
the forest reserve has now been cut into three fflégure 8.7): the central
part is used for tea and softwood plantations Ableoli mountains on the
Western side and the inaccessible area South Elkiwnt Kinyeti remain
relatively unaffected.

8.3.C. A plan for conservation
If further projects such as the tea project wowddstarted in the area, very
little would remain of the natural resources. Is present state the
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mountain are a genetic reservoir, with a greatmi@kfor educational and
touristic visits. The forestry project can be masthin such a way that even
in the long term, stable wood production is possithe project has to aim
at local food production to reduce the pressurdghennatural forest. The
existing Rest House at Gilo might be turned intcedncational centre for
sschool, students etcetera. Meanwhile the two avbésh have been little
sofar, should get a better conservation statusaage reserve or national
park (figure 8.7). The Acholi Mountains, includingotti and Lower
Talanga forest, should become a reserve mainlybfianical reasons;
Mount Kinyeti, Kipia and Lomwaga Uplands for wilidli as well. By
including the Southern part of the Ateppi basintlis area (including
forest) the full range of habitats from savannatmtane vegetation can be
protected. A plan for conservation has to be workad allowing for a
zonation of human influence, with buffer zones athe present villages
and projects. Such a plan should be worked ouhbyRegional Ministries
for agriculture, forestry and wildlife, as it woutdearly be for the benefit
of Sudan as a whole, that such aunique area weupddiected adequately.

8.4 Sahel zone: Development or/and conservation

As described in 7.2 desertification of the Sahehezas a real threat.
Increased agricultural activities are held to benharesponsible, with
overgrazing and deforestation adding to the probldmthis zone, efforts
to raise food on production seem almost inevitablgad to environmental
destruction and hence to a decreace in food primtudtVe will now look
into the backgrouds of this problem, to see whetiremot solutions exist
which lead to an increased food production withalgistroying the
vegetation which has to protect the soil. The dested in this section have
been collected in Mali, West Africa, in an areahwiirca 400 mm of
rain/year.

When new land is cleared the yields of dukhn orad#ennisetumor
Shorgum can be around 700 kg/ha. A family of 5 persomsdfore needs 1
a 1.5 ha to produce enough food. By cultivating 8 Ba enough surplus
can be produced to survive two or three dry yeai® cell on the market.
In this system land is abandoned after 2 or 3 yefacsopping and a fallow
period of at least 20 years has to follow. If fmme reason or other the
farmer cannot shift to new fields the yields witbd to ca. 300 kg/ha. As a
farmer cannot cultivate more than 4 ha a margiretence is the result,
with hunger in dry years.

One way out of the problems is to use manure tdiserthe fields, but this
requires many animals and hence a large graziray arekeep a farm of 3
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a 4 ha at a production level of 500 kg grain/ha lwe®to use the manure of
7 cows (or equivalent number of other animals)Which about 100 ha of
grazing land is required. This means that only 3% land can be used to
grow crops (in the rich savanna areas this figsi'e10%). If the area used
for cropping is increased, less manure will be labte per ha resulting in
lower yields. When the number of animals is inceglathe vegetation will
suffer and too many tree branches will have to ligpped off to provide
sufficient food.

Basically, the dilemma of the Sahel zone is the poeduction level of the
natural vegetation and of any derived, man madeta¢ign. Efforts to use
a larger part of the production for human consuamptire often counter
productive. To solve the problem we have to knosvlithiting factors for
promary production.

Water may seem to be the main limiting factor, ibuact poor soil fertility
is of greater importance in large areas of the Sabiee. In some field-
experiments irrigation increased production by @dal.5, fertilisation by
a factor 3 and irrigation plus fertilisation byacfor 15. Nitrogen and

Figure 8.8 Nitrogen cycle of the poor savanna z@@e500 mm of rain); Rates as
kg/halyear. (from: de Ridder et al.)
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phosphorus appear to be the soil nutrients whicimlgnéimit production.
Figure 8.8 shows the nitrogen cycle for naturassin this zone. When in
equilibrium the ecosystem receives 5 kg N/year ftbe atmosphere by
rainfall and biological N-fixation. The yearly lass by volatilisation to the
atmosphere will be 5 kg N/year as well, directlynfr soil or plant, through
fire or after consumption by herbivores.
This input of ca 5 kg N/ha is relatively constafitwie compare dryer
areas.In these dryer areas nitrogen is no longimiting factor, at the lower
production level caused by a lower rainfall. Th@dgrazing quality of the
small amount of biomass produced here (figure 6ab)be explained along
such lines.
By clearing such a field the nitrogen supply to tihep can be 15 kg N/ha
in the first year, allowing for a yield of 750 kgagn/ha. By depleting the
amount of soil organic matter the nitrogen suppily ke reduced to 5 kg
N/ha, allowing for only 250 kg grain/ha.
In section 5.4 the difference between 'standingmbis' and 'primary
production rate' was mentioned. We can see nowtligfproduction rate
depends on the presence of the nutrient cycle.efreamove from the
ecosystem the biomass produced in one year, pioduict the next year
will be lower. We can define a 'maximum sustainatraction rate' equal
to the yearly inputs into the nutrient cycles. dsim larger share of the
biomass is only possible if increased inputs carebésed.
In the discussion about the area needed to supplygh fire wood (section
7.2) this point has to be considered as well. 'Wedhaged forest' implies
that depletionofthe soil is prevented.
Improving soil fertility can be achieved by variougans:
1. reducing losses by fire and soil erosion as fgpassible;
2. stimulating biological N-fixation by growing legunous plants;
3. applying chemical fertilisers.
The last solution may be technicaly adequate betamomically imposible
on any largescale, because of the high energyrergant for industrial N-
fixation and hence its high price. The best solutsgems to be simulate
leguminous plants in the grazing land and to ineltitem as far possible in
the crop rotation.
Efforts to do so have failed in many cases. Mogtiteinous plants have a
rather high phosphorus requirement but due to tredatively small root
system they are poor competitors with grass fot ghosphorus. When
growing on poor soils, grasses and legumes widlimta natural balance.
The grasses can take advantage of the nitrogemugeddby the legumes, to
outcompete the latter; but if the proportion of tladter decreases, the
relative advantage of the grasses decreases astil¢lie point that both
arein
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Figure 8.9 Competition between a grass
and a legume, as influenced by N 8 anq.
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equilibrium. Introducing other leguminous plantithe pastures, possibly
with a higher N-fixation rate, will lead to a shift the equilibrium towards
the grasses. TotalN-input will therefore increaaedlly at all.

The best way to change this equilibrium is to atldgphate to the system.
By doing so, growth conditions for the leguminouknts are really
improved, while the grass can benefit secondanitymf the higher N-
fixation which is the result; Figure 8.9 shows thsult of a pot experiment
using replacement series (compare figure 6.13)lylpg nitrogen increases
the yield of grass, while depressing the legumenixed culture; applying
phosphate stimulates the legume, from which thesggtzenefits when in
mixed culture; applying both, greatly increasessgrgrowth in mono
culture as well as in mixed culture. The experingmiws that to attain the
maximum production levels possible under well-wadeconditions, high
amounts of both Nand P are needed. But compariagadsts, applying P
only and in this way stimulating N-fixation is whwtile. In many cases
locally available phosphate-rock can probably besdudirectly by
leguminous plants, with the help of mycorrhiza,téasl of industrially
processing phosphate-rock to make 'superphosphate’.
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Table 8.2 Effects on environment and on food prodngc of technical
'development projects'. Negative, neutral and pasieffects are indicated.
Effect on food Effecton  Effect on food costs
-production  environment  -production

(short term) (long term)

A Well drilling + L _ o
Veterinary service ++ L _ o
Mechanised farmir + L _ o

B Introduction of improve: 0 0 0 _
stock
Introduction of legume 0 0 0 _
Introduction of 'High 0 0 0 _
Yields Varieties

C Fire contra - + 0 _
Cotrolled grazin 0 + + _
reforestatio 0 + + L

D irrigation ++ 0 + o
Legume + I-fertilisatior +++ + +++ o
Irrigation + fertilisatior ++++ + ++++ o

Table 8.1 lists the effects of several common camepts of technical aid
programs on the environment as well as on food ymtich. Negative
effects on the environment in the long run leadégative effects on food
production (by both crops and animals); here tlimany effects are shown
as well as estimated long term effects. In all sases assumed that social
and economic conditions allow the technical chartgebe effected. The
first group of measures (A) increases the useagttvironment: short term
food production improves, but long term effects aegative. The second
group (B) is non effective because the factors ghdrare not the limiting
factors. 'Improved stock' or 'High yielding croprieties’ will not be
effective given the environmental constraints. Ttied group (C) reduces
the human pressure on the environment. Direct tsffec food production
will be negative or neutral which will hinder actapce by the population,
although long term effects on food production vieéd more positive. As
explained above, the only way to increase food yetidn both in the short
and in the long term, is by increasing soil femti(iD).

The best chances for development as well as ccoatsamvare stood by a
combination of technical changes. Reforestationvel as increased soil
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fertility in the Acacia senegatcrops -animals farming system will be
needed to supply enough firewood, to provide wirdks and to protect as
well as to the soil as well as to produce enougid fo

To try to achieve environmental conservation withrexequate food
production is fighting a lost battle.

Figure 8.10 What does the cartoonist tvant to say?
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8.5 Suggested practicals

1. Simuation game on the Jonglei canal issue.
The political issue whether or not to constructd¢heal, is the result of
weighing the various arguments pro and con. Big &lso influenced
by the pressure exerted by the various interesipg.oWe can try to
gain some insight in this process by playing autition game. The
game consists of two parts. First of all, all pap@ants are evenly
distributed over the nine groups mentioned belowerie group then
prepares their point of view, selects the argumémty can use and
other ways of exerting political pressure.
After this preparation the game is played for aitkeh period of time
(say 2 hours). During this time group 1, the pcditibody, has to listen
to all other groups and then take a decision.
Participating groups:
1. A political body, consisting of people of variouasdkgrounds,
2. The Central Ministry of agriculture, departmeniroifgation schemes,
3. The Egyptian government
4. External technical advisors, expatriate col'lsiltaon canal building,
irrigation (and ecology if requested),

5. Regional Ministry of agriculture, planning irrigati scheme for
Jonglei area,

6. Regional Ministry of wildlife and fisheries,

7. Anthropologists and livestock researchers concewitddthe area,

8. 'Environmentalists' lobby from other countriesiefids of the earth’,

9. The local people themselves.
After the game has been played the roles and tleetieeness of each
group should be analysed.

2. Discussion on Jonglei Canal. A recent report byatnigte consultants
on environmental effects of the Canal comes to fbkowing
conclusions: 'We are convinced of the need notytdat dismantle the
existing surprisingly efficient traditional systeffihere is no place in
that existing system for the introduction of exotiattle, for the
introduction of commercial ranching enterprises,r felaborate
mechanical fodder harvesting projects, for dairg aoultry farms, or
the extensive provision of clinical veterinary sees.’

‘The objective must be to assist the people of dhea to help
themselves to improve animal production in the fatencreasingly
difficult times ahead'. Do you agree?
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3. Discussion on Imatong Mountains.
How do you think the following groups would like ethimatong
Mountains to be fifty years from now? What do yoxpect their
opinion to be on the current activities in the &rea

forestry director

tea project manager,

potato project manager

minister of wildlife and tournism

villager of Gilo

plant breeder searching coffee strains resistaloctl diseases

farmer of village near Torit depending on watetha Kinyeti river

all year round.

wildlife conservation club of your school

the generation of your grandchildren (not yet bain.

. Podocarpus tree and a Colobus monkey

What is your own opinion?

TS @meoooTw

4. Discussion on dry savanna

Table 8.2 lists various solutions to the desedtfan problems of the
Sahel zone. Can you make a plan combining sevéethkse activities,
which would serve the direct needs of the peoplevels as ensuring
possibilities for future development by protectititge environment.
(Basic needs include: drinking water, food, fueusing, shelter and a
source of cash income). What kind of external ispwiould your
‘project’ require? (e.g. information, tree seedindertiliser, well
drilling equipment, marketing facilities). Do yohitk the government
would step in to provide the money? Do you thirlkvdlagers would
accept yout plan?
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9. Man and nature

9.1 Human attitudes towards nature

As described in chapter 6 man's role in the ecesysised to be not too
different from the role of other organisms untilitgurecently. Several
natural factors directly limited man's activitiesida population size.
Emotionally people felt their life to be determinieg the powers of nature.
Modern development largely consists of an increag®lity to manipulate
the environment and to master natural limiting dest 'Everything depends
on everything' in the ecosystem and many undesidel effects are the
result of man's present activities, as explainedhapter 7. The increased
power to manipulate should be accompanied by aredsed sense of
responsibility for the environment, as the time apdce for the 'trial and
error' approach is lackingThere is only one Earth'. This expression is a
milestone in the thinking about environmental peols. There is only one
earth, so we have to be very careful not to destatyre's potential.
An increased sense of responsibility for the emnnent does not evolve
spontaneously and not for all members of het spaethe same time. In
the Western world the first concern about natutse@isome hundred years
ago. To a small group of people the possibilityeatinction of certain
plants or animals became obvious and they toolomdid create nature
reserves. After some time, people realised thatowserve an animal or
plant species, one has to conserve its habitatte@tdarger nature reserves
or National parks are necessary. In these parksahunfluence is limited,
although usually it cannot be absent because ttkes pae too small to show
the 'balance of ' nature'. In, several East Afripanks for example, the
concentrations of elephants became very high, lsecaatural migration
cycles outside the park were cut off. Some forrmahagement of the park
iS necessary to prevent overgrazing and uproofirad the trees.
National parks are necessary to maintain the diyeirs nature, but they
are not isolated from the developments in the emwitent outside the
parks. The recent degradation of Dinder Nationak Baa clear example in
the Sudan.
Over the last ten or fifteen years it has becoroeessingly clear to a large
part of the world's population, that conservatidrthee environment in a
wider sense is necessary. National parks and natserves should not
become small green islands in the middle of a dkgiaruined and
polluted landscape. All the land of this 'only ceeth' should be managed
so that the long-term survival of man as part of thcosystem is
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guaranteed. This lead to the formulation and aeceet by many countries
of a 'world conservation strategy'.

Concern about nature reserves seems to be a luuigypossible for rich
people. But by the time a larger part of the pojpatawill see the necessity
of conservation, not much will be left if no actintaken now by the fore-
runners of the conservation movement. For many lpegpo have constant
problems in ensuring their food for today or tonoary the environment is
not of prime interest. But their actions of todagk®a their food supply of
tomorrow even more dubious. As soon as they woudsider their
interests on a somewhat longer time-scale, theyldveee the need for
keeping their environment and natural resources good shape. It is part
of the tragedy of recent developments, that tharobmature and tribal
rules traditionally had over human activities istldefore a new mentality
and responsibility has gained enough ground. Esjcyoung people
should be concerned with these problems, as theis Iwill be mainly
affected.

Figure 9.1 Nature reserves in Southern SudanesiiNadtparks: 1. Nimule, 2.
Southern, 3. Boma, 4. Lamtoto, 5. Badingilo; Gas®erves: 6. Zeraj, 7.
Fanyikang, 8. Shambe, 9. Juba, 10. Kidepo, 11. Mbaga, 12. Bire Kpatuos, 13.
Bangangai, 14. Numatina, 15. Chelkou, 16. AshaiaMeshra, 18. Boro;
proposed national park: 19. Imatong mountains (rfiedjrom Hillman.).
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In traditonal tribal societies modesty in relatimnnature is often valued.
This point may be clarified by a widespread Dinkatimabout the

introduction of death in the world. The myth exists several versions
which are not essentially different from each otHer the beginning of

times God and man were directly connected by a.rDeath did not exist
on earth, and one grain of dura was sufficienetxlfthe people". However,
a woman who cultivated this grain decided that eheld cultivate more

grains that is, more than was necessary to sutaipeople. In respons to
this greediness, God broke the rope that gavedheection with mankind.

In another version the woman was stamping dura véhemall bird took

away a grain. The woman got angry and killed tiid tihereupon it cut the
rope with its bill. Both versions of the story seggthat the connection with
God was broken because of greediness, or moresphgcbecause of the
lack of modesty in the relation of man to nature.

9.2.B. Maintaining genetic resources

All the plants and animals which have been domaigtitin the past, have
been derived from natural ancestors. The genetiouree of their wild
populations still is important for deriving new itsa necessary for
improving the domesticated stock. Many speciedaritp which are not yet
used, probably can become important resourcesofml br medicine, if
enough research work is done. But at the momerddb&uction of tropical
rain forests on a worldwide scale is such, thatyrsrecies will become
extinct before they have been described scienfificdaintaining the
diversity in nature is of prime importance.

9.2.C. Scientific and educational reasons

'‘Nature is the teacher of the arts' is an old esgios, indicating that many

of the (artificial) techniques developed by mankimalve a natural basis.

Studying the structure and functioning of naturebsystems is of great

value to the understanding of human systems as Wadl wider the range

of environments available for study, the easienidmgous processes can be
regocnised.

9.2.D. Tourist attraction

For various reasons people from countries where wiosature has been
destroyed, are willing to spend money to see nategerves. This makes
national parks into tourist attractions, such aes Bast African countries
have developed. The overall effects of this sortoafism on a country is
considered to be negative by many people, mainlgabtee of the

disturbance of social structure by the influx ehrbutsiders. On the other
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Figure 9.2 Two Sudanese mammals endangered by#otinBarbary she (left)
and Nubian ibex (right) (or.).

9.2 Arguments for conservation of nature and the
environment

In Sudan the Wild Animals Ordinance of 1935, amehnate1971, is the
basis for wildlife administration. It covers nat@nparks and game
sanctuaries in which hunting is prohibited and gamserves in which
hunting is restricted. Figure 9.1 shows the natioparks and game
sanctuaries of Southern Sudan, which form by farléingest part of the
protected area. For the rest of Sudan Dinder Nati®tark is the only
National park and many of the game reserves anc ganctuaries have
deterioriated so much that they are not worth noaimig any more. Several
areas have been proposed as National Parks, batdtiom has been taken
so far. Figure 9.2 shows two animals, part of @lglaational heritage,
which need protection urgently: the Nubian lbex treBarbar sheep.
Arguments for conservation of nature and the emwitent can be
summarized as:

9.2.A. Maintaining natural resources.

Many of the natural resources on which man is ddgencan easily be
destroyed. Overhunting and overfishing should afrse be avoided, but
maintaining breeding grounds and space for the tmpnigration cycle
of the animals is equally important. This often ii®p maintaining areas in
their natural state. Maintaining forests on mountslbpes is necessary to
regulate the waterflow of the whole watershed. Ndtwegetation often
plays an important role in the water cycle and &haot be removed
without due consideration hand, educational faegiin national parks and
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nature reserves have to be improved to exploiditiactic value of nature
for the country's own people, as mentioned undit [

9.2.E. Esthetical reasons

The reasons given so far are directly or indireettpnomical or related to
the survival of mankind. The beauty of nature carah additional reason
for conservation. Especially for people living irban areas, possibilities
for recreation in natural environments are impdrtan

9.2.F. Ethical reasons

The reasons listed under A till E are man-centefedhature-centered
motivation would consist of ethical reasons for seming nature for its
own sake. Such ethical reasons depend on onesokublo life. In the
Judeo-Christian and Islamic religions the earthlieen created for human
beings to exploit, but mankind also has the dutguard and maintain the
other creatures on earth. Many African, Asian ancheAcan-Indian
religions have a much more modest conception of imaelation to nature.
Man evolved as and still is a part of nature inrtkeew. There has been
life on earth before man appeared and there sHmrilsome left for after
our, times.

9.3 The tragedy of the commons

Part of the environmental problems stem from thragédy of the'
commons'. Many people benefit from common resousteh as forests,
grazing land or fish populations, but no one caoekok after them. For
many human activities there is a short-term benefé few persons, while
there is a long-term cost to the environment ang th the community at
large. If one decides to cut trees from a mourgpe, one will gain some
profits from the wood, but after some time eroswifi remove the soll
from the slope. No forest will regrow on that sloged the water flow of
the river will no longer be regulated, resultingflmods and droughts. The
person who was responsible for this chain of eventsutting the trees will
not have to pay for this damage, so for him it wsilll be profitable to go
on cutting (figure 9.3).

A similar situation arises when a fisherman can ns& gear and start to

overfish the waters. He will gain a lot in the begng, while the costs of a

reduced fish population will be a problem for &k tfishermen.
Every community needs rules and regulations to leégusuch things. In
traditional tribal societies there were all kindsues about land use etc.
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Due to the rapid changes during development negsrahd regulations are
needed, but these often lag behind reality. Morporant than rules and
regulations is the mentality of the people. If gveme has learn to
understand long term interests of the communitham@e, there is a larger
chance that one's actions will be in agreement wulithse long-term
interests. The tragedy of the commons can only dieed by a stable
community with a highly developed sense of respmlits.

Figure 9.3

The story of the kujur:

Long have 1 been sleeping

near the Nile, monkeys and
elephants playing around me,
birds singing lullabies in my trees

e\ =
But people came and removed
my tree clothes, burned my grass hairs,

let the vain wash my soil skin
«ee» I'remain naked, just a skeleton

So I have to raise to

my feet to punish you

Juba people:
» no regular waterflow

to the khors: floods & droughts,
® no constant, limited use

of firewood,
# 1o cool and pleasant

walks to the top of my

belly, no animals to be seen!
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9.4 Who decides for whom?

Often the community whose environment is affected ho say in the
decisions about such activities; this situationammmon to almost all cases
of colonial exploitation of a country or region byher countries or other
parts of the same country. The natural resourcewedlsas the human
resources suffer from a cononial exploitation mesmtgive a quick
financial benefit, leaving the costs of environnatmestruction to the local
population.
The cutting of tropical rain forests in Asia andtihaAmerica is presently
done by large multinational companies who give albrshare of their
profits to the government, but leave the burdemrokion and loss of soil
productivity to the local population.
Sometimes a national government shares in simitivites. An example
of this can be found in Africa, in Zambia in thenstruction of the Kariba
Dam in the Zambesi river.
This dam was mainly constructed to generate hytrckéc energy for the
copper mines, but an improved fish potential of niegv lake and efficient
irrigation farming were promised to the local inhabts as well.
The following text is a quotation from a criticaudy on the ecological
effects of this dam: "The 'underdeveloped’ locapyiation of Tonga
struggled with only the help of their bare handsl an naive belief
('Nyaminyami, the river-God will help us') in ordérat their familiar and
balanced environment might survive. Some had tfokeed, though others
volunteered to abandon the river valley for predel resettlement areas,
which were in general less fertile than their natiands. At the same time
the fate of the local population caused less contte&an the animal tragedy
in the same area -the hopeless' operation Noalk'.cbmplaints of the
people were subdued by a grant of a two year gowemh subsidy on
essential material needs such as grain, mediains et
Some difficulties were alleviated by the enormoigh fproduction of the
lake-the diluted nutrients from the flooded temiasthabitats and the rising
lake water brought an explosive reproduction, saivand growth of fish,
so this well known natural phenomenon helped imtist critical stages to
support the builders promises. Then the lake bdgastabilize and the
catches decreased. By that time those responsillddmg since left the
scene. (......). The Tonga knew their country intshatind utilised a wide
range of plants and animals; resettlement chanjétdisa The majority are
farmers, reaping a very low harvest and sufferimgp dailures, as might be
expected in the dry marginal climate of their naitlements, unsuited for
conventional agriculture, except on an extensivaescThe promises of

238



irrigation facilities were never kept. The localopée do pot benefit from
the electricity either. The electricity gained b tdam is helping to exhaust
the copper resources even faster. (.......). Ther@isast charged to the
developer for destroying a well-balanced, stablelagical system in the
area developed, nor for radically transformingnalrby ecosystems.”

The local population often has very little polificafluence to prevent
large-scale plans which will affect their enviromewith profits mainly
for other groups in the society or internationally.

Some positive examples exist however, of casesentherlocal inhabitants
take action against disruption of their environmewntoutsiders. Recently
in Northern India the Chipko-movement started, imot@st against
multinational companies cutting forests on mountapes. Especially the
women are protesting because deforestation maleghby have to walk
much longer distances for collecting firewood aodfétch water, as the
water-balance of the whole valley is changed inteedes of floods and
droughts, instead of a constant riverflow. By chanthemselves to the
trees (Chipko means chaining) the women obstrttiting of trees and
create a forum for expressing their interests.

9.5 The role of ecological arguments

In discussions about development ecological argtsnesn play a role at

three levels:

a. To avoid environmental destruction like desertification or erosi as
side effects to development.

b. To plead for a small-scale, step-by-step approagctadapting to the
possibilities of the environment instead of thee&r revolution'
approach. This approach of gradual change aimgoédiag large scale
disasters and at keeping as diverse an environasgnbssible.

The biological process of adaptation through evwotutcan serve as
example of stepwise improvement.

c. To question the material objective®f the Western type development,
as these are unobtainable by more than a smalietgrnationally and
within the country. The typical Western life-styleas only become
possible by exploiting natural resources from alkerothe world,
wasting energy and causing large-scale pollutiothefland the oceans
and the atmosphere (figure 9.4).

This Western life-style consumes and wastes so nmmdrgy a non-
renewable resources, that it cannot be maintainechntonger a certainly
not by the whole earth's population. This being ¢hse, one has to avoid
creating false expectations and the urban elite wdwo afford life-style
financially should constrain itself.
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The first level of arguments will probably be agtegon by everyone who
has seen the environmental destruction possibée afiglecting ecological
insights. The second level is probably more delatabready, while the
third level will lead to more disagreement, if notwords, certainly in
resulting consequences for one's own life-style.
One often finds confusion about the objectivitysafence and the role of
scientists, especially if these are ‘'specialisB®ften science and the
'specialists' are expected to solve all problent @nguide the political
decisions. But specialists often lack the overadlw necessary to take
balanced decisions. The role of specialists shbeldo show possibilities
and consequences, leaving the choice and evaluatialh pros and cons to
the politicians and masses they represent. Thetite have their own
responsibility like every other citizen. This igpesially true for the second
and third level of ecological arguments, which aod less scientific than
the first. In all cases ecological arguments shioat hothing can be gained
without cost.
‘Do not proclaim easy victories, the adagium of Amilcar Cabral, can also
be read as an ecological comment on developmems.pla

9.6 Towards a philosophy of balance

In the same way as physics has its laws of consenvaf matter and
energy, ecology has a 'law of conservation of gois!. The solution to
one problem often brings about new problems, whitthonly appear after
some time.
This is clearly demonstrated by the problems thestéte world has in
getting rid of the radio-active waste-material tf nuclear energy plants.
Every solution tried will only displace the probleeng. to the oceans, from
where the materials can come back via foodchaingp @ld mines, from
where groundwater can be polluted after movemetitsecearth crust.
This 'law of conservation of problems' of courseslmot mean that one
should not try to improve the conditions for lif&Some form of
development is inherent to man as well as to naBueone's expectations
should not be too high and should start from arued®n of the positive
aspects of one's present situation, realisinggbate of these aspects may
be lost by the changes. The picture many people hhwout the well-being
in other, more developed countries is often mistepd The negative
aspects are seldom realised, unless one livegge ttountries.
During development the independence of a subsistegmonomy is
replaced by 'interdependence’ with the rest ofatbdd in a cash-economy.
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But the interdependence is seldom a symbiosis agilal profits to both
sides. Underdevelopment on one side is the re$ulewelopment on the
other side. Parasitic economic relations and uretjsiibution of political
power have brought the world to its present shapéh in international
relations and in the internal situation of many rioes. The continuation
of these inequalities prevents the majority of pedmm choosing either to
maintain their own life-style in their own enviroent or to change at the
rate they want, within the ecological limitatiorss f1 long-term-solution. A
well-balanced development with due regards to ttrenment is only
possible if these inequalities are solved.

‘Do not proclaim easy victories'.

‘There is only one Earth'.

9.7 Suggested discussion

1. Discuss figure 9.3: what does the illustrator wargay- do you agree?
2. Discuss figure 9.4: what does the illustrator wargay -do you agree?

Figure 9.4 The development ogre (or.).

This ogre makes new heads all the time,

you have to fight it in a different way.......
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11. Glossary and index of terms

Abiotic factors ........ .........
non-living factors mfluencmg the

ecosystem
Abundance............ccccceeeen. 100
number in which organisms
occur
Adaptations .............c.ce.... 50,52, 69

changes in an organism's
structure, physiology or
behaviour, which make it better
suited to survive in its
environment

Adaptive radiation.............. 94
evolution from a common
ancestor of different forms,
adapted to distinct modes of life

Aestivation ..........ccoccveeeenn. 61
surviving the summer or dry
season in a resting stage

Afforestation ............ccc...... 177
planting trees
Agroforestry ................. 181,188, 221

land use which combines trees,
crops and/or domestic animals

Allelopathy .........ccccvvveeeeeee. 74
poisoning the environment by a
plant for other plants

Amoebic dysentery.............
human disease caused by
Entamoeba

Annual plant ..................... 2,60

plant which completes its life-cycle
within one year

ANtibiotiCS .., 72
chemicals inhibiting growth of
especially micro-organisms

AQUIfer ... 10
layer of the Earth's crust
conducting ground water

Artificial selection ............. 72
human selection, comparable to
natural selection, to improve
genetic traits of domesticated
plants/animals

Autotrophic ...............cce 84
capable of building up all
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required food materials from
inorganic matter

Ard e 32
ecologically dry condition; more
specifically, receiving less than
90 mm of rain/year

Bilharzia ..o, 6,91, 128
human disease caused by
Schistosomavorms, which use
shails as vectors

Biological control .............. 194
control of pests and diseases by
natural means, e,g. by
stimulating natural enemies

Biogas ....cccccvvveeiiiiiiieieeeee, 200
methane gas produced by
bacteria decomposing waste-
materials in an environment
without oxygen

Biomass.......ccccceeviiviieeeennns 112
weight of living material, usually
expressed as dry matter

Biotic factors .........c........... 7
living organisms influencing the
ecosystem histolytica, associated
with frequent passage of bloody
stools

Black cotton soil ................ 27
old name for heavy, cracking
clay soils of the flood plain

Browsers ........cccceeeiiiiinnnnnn. 78
herbivores eating shrubs, trees,
fine herbs etc.

Camouflage .....cccccceeeeeennnn. 64
deceiving the sense of natural
enemies, e.g. by assuming the
colour of the environment

Capillary rise .....cccceeeeeenn. 21
water rising from groundwater to
higher soil layers through fine

pores

Carnivore .........ccccoeeevveenen. 64,76,105
animal which eats mainly flesh

Carrying capacity .......... 79,102, 170

the number of individuals that
the resources of a habitat can
support



Chamaephyte...................... 60
plant surviving the adverse
season with buds just above the
ground surface

Clay SOil ....vvveeeeeiiieieeenenn, 23
permeable for water or gasses
soil consisting for at 1east 40%
of clay particles

Climate ....ccccceeveeeieeeennnnnn. 18

CLIMAX .eevviiiiiiiieeeieeeaeaeenn, 117
final stage of the successional
sequence, which consists of a
relatively stable ecosystem in
equilibrium with the abiotic
environ ment

Co-evolution.........ccceeeeeenn. 97
concurrent evolution of two
species which have a
relationship such as predation,
competition or symbiosis

Co-existence ........ccccceeeeee.. 92
different species living in the
same habitat physiologically
determined resting

Colonisation ...........ccceee.ee. 117,159
establishing in a new
environment stage of animals,
e.g. insects

Community.....cccceveennn... 105, 117-119
group of organisms living in a
common environment, related by
food chains, symbiosis etc

Competition.............eeeeeeeee.. 92, 225
interaction between organisms of
the same or different species
when their total requirement
exceed the available resources

Conduction ........ccccevvvvnnnnn. 53
transmitting heat by direct
contact

Conservation ................. 222,231,232

maintaining natural ecosystems
by excluding negative human

influences
CONSUMESS....ccvvviinieineiinnen, 106
Convection .........cceeeeevvnnnene. 53

heat transfer by wind currents
Coralreefs ....oooveeeevivneeennnn. 47, 49

Crop rotation ..................... 150
agricultural system in which
different crops are grown in a
definite sequence on the same
plot of land

Cuticle ..., 55, 57
waxy outer coating of plants,
hardly permeable for water

gasses

CYSt i 62, 87
thick-walled resting stage

(D] 5 ISR 70,190

Decomposition .................. 106, 125

breakdown of organic material,
releasing nutrients into the
environment

Deforestation ...............co..... 175,179
clearing forests, denuding the
land

Desert ..o 32

Desertification ................... 171
process by which desert-like
conditions are promoted outside
the proper desert zone

Diapause .......ccccceveeeeeeeenenn. 62
physiologically determined
resting stage of animals, e.g.

insects
Dispersal ......ccccccceeeennnn. 100,104,118
spreading in the environment
Distribution ............cccccceee. 100
DIVEISItY ..ovvvvviieiiieiieieeeeennn, 119

presence of different species or
life- forms in.one habitat

Domestication .................... 140, 147
adapting wild animals or plants,
by artificial selection, to fulfill
human needs

Dormancy .........ccccceeveennnns 60
resting stage of plant organs,
which requires specific
environmental conditions before

it is ended
(D)1 ) 1] o 1SR 57
Ecology ..oooooveiiiiiiiiiis 1,8

the study of the relationships of
plants and animals to each other
and to their environment
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Ecological pyramid .......... 112,191
the fact that primary producers
more abundant than secondary
pro ducers, which are more
abundant etc.

Ecological zone .................. 9, 28,31
geographical zone of similar
environmental conditions

Ecosystem .........cccciiiiiiiie 8, 105
complex of interacting plants,
animals and abiotic factors in a
given place

Ecotype ..., 141
group of organisms within a
species, adapted genetically to a
particular habitat, but able to
breed freely with other ecotypes
of the sane species

Energy flow ......cccoccviin. 109
passage of energy through the
ecosystem, from sun to plants to
decomposers, to the universe

Epiphyte ....ovvvveiiiiviiiieeeeee, 74
plant living on the bark or
branches of other plants

Erosion ........ 24,127, 134,181, 184
removal of soil material by the
action of wind or flowing water

Eruption ...........oeeeeiins 63, 103, 120
sudden increase in numbers of
species

Evaporation ..........ccccceeen... 10
loss of water vapour

Evapotranspiration ............ 10

combination of evaporation and
transpiration

Evolution ... 70
the process of gradual and
continual change of the genetic
factors influencing the life-form,
physiology or behaviour of the
successive generations of an

organism
EXOtC woviiieeiiieecec 177
Exponential growth ............ 102

type of growth of a population if
every pair of parents produces a
constant number of off-spring,
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independant of the population

size

Extinction ........ccooovevveennnnene. 233

Fallow.....coooovvviiiiiiiieenn, 150
land left untilled or unsown for a
time

Farming system ................. 160

complex of different human
activities to exploit the
environment, e.g. the growing
crops, keeping animals etc.

Fauna......cccoocveeiiiiiiieiiies 8
list of all the animal species of a
region
Fire .o 4,59, 95, 109, 114
FItNeSS ...vvvviiiiiiiiiiiiiiiieeeee, 72

degree to which organism is able
to survive and produce in the
current environmental conditions

Flora ......ccooovveiiniiciiecce 8
list of all the plant species of a
region

Food chain.........ccccevnnnnens 105

series of organisms through
which food energy is transferred,
each organism feeding on the
preceding

Foodweb .........ccovveeiiiiinaannn, 105
complex of all the food chains of
an ecosystem

Functional response............ 78
response of a predator to an
increased prey population, by
consuming more of them (till
saturation)

Gallery forest..........cccee.e 46
rainforest along rivers and
streams

Generalist ..........ccccvvveeeeinne 166, 120

organism able to exploit many
different resources, as they are
available (opposed to specialist)
Genetic factor .........cccc.eeee 70
factor in the hereditary
transmission from one generation
to the next
Geophyte .........oooeeiiiiiins 60, 63
plant surviving the adverse
season underground



Gerf (A) oo 152
fertile land on bank of river

Gizu (A) e 32,143
grass growing in the desert
margin, using dew as water
source

GOZ (A) i 27
stabilised sanddunes organism to
complete its life-cycle

Grazers ....oocceeeeeeeiiiineeas 78
herbivores eating grass
Greenbelt ..., 46

ecological zone on the
Nile/Congo watershed with a
high rainfall and rich agricultural
potential

Green revolution ................ 195
rapid change of agricultural
practices by introducing new
varieties, fertiliser and pesticides

Groundwater ................. 10, 177, 213

Guinea savanna ...... 34, 35, 38, 114,

.......................... 115, 142, 177, 179
high rainfall woodland savanna
(1000-1500 mm of rain per year);
Miombo is the East-African
equivalent

Habitat ........ccccceeeeeiennnnnn. 28, 32
the place where a plant or animal
normally lives, characterised by
abiotic and biotic conditions

Haboob (A.) v, 32
sandstorm
Hafir (A.) oo, 40, 146

excavated or natural pond, in
which water is stored throughout
the dry season

Hariq (A) oo 156
agricultural system in which
grasses are burnt just after the
first rains, to clear land for

cropping

Helophyte .......ccccoceiiien. 60
marsh plant
Herbicide .............cccoeeiis 194

chemical poisonous to plants,
used to kill weeds

Herbivore ..........ccoocueee. 64, 76, 105
animal which eats plants

Heterotrophic ..................... 84
organism unable to feed itself
from inorganic matter; dependant
on grass growing in desert
margin, other organisms for its

food

Home range .........ccccceeenee 113
area required by an to complete
its life-cycle

Homoiothermic ................. 53, 86

able to maintain a body
temperature within narrow limits

HUumus ... 24
soil material of organic origin
Hybrid ... 196

plant or animal resulting from a
cross between two unalike

indivduals
Hydrophyte .........cccccveeeeee. 60
water plant
Insecticide ........ccccceeeeerenn. 68, 190
poison used to kill insects
Intercropping ......ccccceeeeennn. 153

growing different crops in
between each other

IroNStoNe ........cevvvvvvveeeeennnn, 27
old soil type of a high iron and
aluminium content, formed by
prolonged leaching

Irrigation ........cccccceveevieneenn. 188

HCZ oo 12-16
inter tropical convergence zone:
zone in which airmasses blown
from different directions meet,
causing rainfall

Jebel mountain (A.) ........... 35

Kalaazar (A.) .cccoevveneneennn. 89, 128
‘visceral leishmanniasis', an
infective disease, characterized
by a chronic nature, irregular
fever, enlargement of the spleen
and often of the liver; the disease
is caused by a protozoan parasite,
Leishmanniaand transferred by

sandflies

Latent heat ........................ 53
heat used by the evaporation of
water
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Leishmanniasis .................. 89, 128
see kala azar

Life-cycle .........ccooeiiiiiinns 3
series of stages during the life of
an organism, from egg cell to
reproduction

Limiting factor .................. 51
environmental factor limiting
growth or reproduction

Loam ..., 22
soil type consisting of sand and
clay particles (20-40%)

Malaria .........cccoceennnnns 86-90, 128
blood disease associated with
intermittent high fever, caused by
a protozoan parasite:

Plasmodium

Maya (A.) .eeeeeeieiieeeeeeieeaeenn 10, 113
seasonal pond

Maximum .........cccoceerennnen. 52

highest value of an
environmental factor at which an
organism can just survive

Micro-climate ................... 8, 19, 29
climate on a small area, different
from the surrounding area

Micro-habitat ..................... 113
narrowly defined set of
environmental conditions,
different from other micro-
habitats within the same habitat

Migration .......ccccevevveeeeeeenn. 58, 62
directed movement of organisms
outside their normal daily range

MImICrY ..ooeeeeeviiiiiiciiies 66
strategy to confuse natural
enemies by similarity with other,
poisonous or unattractive
organisms

Minimum ........cccoeveeeieeenen. 52
lowest value of an environmental
factor at which an organism can
just survive

Mixed cropping ..........cc..... 156, 158

Monoculture ...................... 156
growing one crop only on a plot
of land (simultaneously)

Mulch .., 152
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loose layer covering ground
surface, insulating the soil and
reducing evaporation

Mutation ............cccceeeiiinnn. 70
sudden and irreversible change in
the genetic information

Mutualism ..........ccccuviinneee 95
association between organisms of
different species from which both
benefit

Mycorrhiza ......cccccvveveeennn. 97
‘fungus-root": symbiotic
association between a fungus and
a root of a higher plant, in which
the plant supplies energy to the
fungus and the fungus supplies
nutrients to the plant

Nagana ........ccceeeeeeeeeeeeiiennns 89, 142
fatal cattle disease caused by
Trypanosomaarasites

National park .........ccccceeeeee. 232
large area protected from
negative human influences to
maintain its natural potential, of
national or international
importance

Natural enemies ................. 72,194
organisms which have a negative
influence on' an organisms
abundance, e.g. predators or
parasites

Naturalselection ................. 72
the way in which the
environment of a population
winnows out those individuals
least suited to it and allows the
fittest' to survive and reproduce,
thus passing on their genetic
characteristics to the next
generation

NIiChe ...cooiiiiiirc e 93
the status or position occupied by
an organism in a community, due
to its structural, physiological or
behavioural adaptations to its
particular environment and way
of 'life’

Niche differentiation/specialisation
................................ 92, 93, 157



the process by which organisms,
become adapted to different
niches, thus avoiding competition

Nitrogen cycle .................. 108, 223

Nodules .......ccccevrernnnn. 3, 4,96, 109
thickened parts of plant roots
inhabited by nitrogen fixing
bacteria

NOomMadiC ......coovcvvvvereernninnn 143
wandering life style of cattle
keeping tribes without permanent
place of residence

Numerical response ........... 78
response of a predator to an
increased abundance of prey, by
promoting its own reproduction

Nutrient cycle ....107, 125, 168, 205
cyclic passage of nutrients
through an ecosystem, from
plants through decomposers back
to the soil to plants again

OMNIVOIE ...coeveeiveeeiieeee, 64, 76
animal eating both plants and
animals

Onchocerciasis .................. a0

‘river blindness'": human disease
caused by a nematode worm
Onchocercaleading to tumors or
beneath the skin and to blindness
after prolonged infection

Opportunist ........ccccceeeeeeennn. 120, 166

(©]9]111 2101 o ¢ 52
value of an environmental factor
at an organism flourishes at its
best

Overexploitation 173-177, 196, 203
exploiting natural resources to
such an extent that they cannot
be maintained (overcropping,
overfishing)

Parasite ........cccccveiveiiiiinens 83
plant or animal living in upon
another (the host) and drawing
nutrients directly from it, thereby
causing it harm without killing it
directly

Parasitoid .........ccccoceveernnen, 78
insect laying its eggs inside the
body of other insects (hosts),

gradually killing the host by
consuming it tissues

Perennial ..........cceevvviiinnnnnns 2
plant with a life-cycle more than
lyear
Permanent cultivation ........ 97
Pesticide ......cocoveevviviiiiinnnns 191

poisonous chemical designed for
organisms considered to be pest

Phanerophyte ..................... 60
plant surviving the adverse
season with buds high above the
ground

Photosynthesis ................... 89, 142
manufacture of organic
compound by plants using energy
of sunlight

Physiology ..........cccoeiiiies 232
the scientific study of the way in
which organisms and their organs
function

Phytoplankton .................... 188
microscopically small plants
living in water; the main primary
producer of open water

Pioneer ........ccoceviiiiiineee 119
the first organisms to colonize
bare land starting the process of
succession

Plankton .........ccccccceeiinn. 188
microscopically small organisms
drifting in open water

PlastiCity ........ccccvvvviieieeennn. 69
capacity of an organism to
modify its form or function,
according to current
environmental conditions

Poikilothermic ................... 53
organisms whose body
temperature fluctuates with the
temperature of environment

Pollination ............cccccuvuee 1,97
transfer of pollen grains from one
flower to another flower

Pollution ........ccccccceiiiiinnn. 127,199
contamination; introducing
matter into habitats disturbing the
ecosystem by its nature (toxicity)
or amount
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Population
group of organisms of the same
species living in the same area,
interbreeding

Predator ..........cccceevvivineenne 64
animal killing prey organisms for
its food supply

Primary productivity ......... 111
amount of biomass produced by
plants, using energy of the sun

Producers .........cccccevvveennne 106

Quiescence ........ccccccvvvnnnn. 60
resting stage or period of low
activity, directly ended when
favourable conditions return

Radiation ..........cccccvvvnennnnn. 53
emitting rays; a way of loosing
heat

Rain-forest ..........ccccoennnnn. 44

vegetation with a complicated
strructure, requiring at least 1500
mm of rainfall per year

Recycling .....cccocvvvvvvvineenne, 152
bringing waste materials back
into a cycle, for re-use

Reducers ........cccooeveviineeens 106
organisms effecting
decomposition

Regeneration niche ............ 95

niche determined by the means
of regeneration or the capacity to
colonise new micro-habitats as
they originate

Renewable resources ......... 126
natural resources which after
exploitation have a chance to
recover

Respiratibn
breakdown of organic
compounds in living cells to
produce energy, usually
involving the uptake of oxygen
by the organism and the release
of carbondioxide and water

ROOtS ...ooeveeveee, 4, 39, 58, 64, 94,
............................... 157,181
RUNOSf vveiiiii 10, 186
Sahel savanna ........ 34, 35, 61, 64,
............................... 142, 162, 173-

.......................... 177,212, 218-223
low rainfall woodland or thorn-
scrub receiving, 300-600 mm of
rain per year

Sandy SOl .....cccccvvvvveeeeennnnn. 22
soil consisting for maximum
20% of clay particles

Saprobes.......cccccceeevieiiienns 80, 81
organisms obtaining their energy
by decomposing dead organic

matter

Sagiya (A.), e, 154
waterwheel

Savanna ......coocceeeevvieeeennnnns 34

vegetation consisting of a
mixture of grasses and trees

Savannisation .................... 179
process by which a forest is
changed 'into a savanna

Scavangers ......cccccvevevnnnnnnn. 80

Secondary productivity ...... 44
productivity of animals
consuming primary producers
(plants)

Seedbank ...............cc 60, 61
collection of viable seeds stored
in the soil, waiting for suitable
conditions for germination

Seluka (A) .o, 152 see
Gerf

Semi-arid or semi-desert ... 32
ecological zone on the fringe of
the desert, receiving 90-300 mm
of rain per year

Shadouf .......cccocviiiiienenn 154
handoperated lever for getting
water from a well

Shelterbelt .........ccccooeieens 176 row
of trees planted to protect the
adjacent crop fields from wind

Shifting cultivation ............ 148, 179
system of land use in which short
periods of cropping alternate
with long fallow periods during
which the soil fertility recovers

Specialisation
developing adaptations to
exploit: specific resources more
fully



SPECIES . 7
group of organisms able to breed
among themselves and not with
organisms of other groups

Stability ....ocovvveiiiiiie 119
absence of fluctuations by
buffering

Stomata ........ccceeeeiiiiiiineeennne 55

pores in the epidermis of leaves
plants which allow gas exchange
to occur when they are open
Strategy ......cceeeeeiiiiiiiieieeens 52
complex of structural and/or be
havioural adaptations to
overcome specific problems of
an organism's mode of life
SIESS .oooiiiieeee e 58, 59
environmental factor hindering
the normal functioning of an
organism
Subsistence ..............c...e 166
economic strategy of farmers,
just supplying their own needs of
food etc., without production of a
surplus for the market
SUCCESSION ..ocevveeereieeiee 95, 117
regular and progressive change
of the community, from the
initial colonisation of the area to
a more or a less stable climax
Sudan savanna ........ 34, 35, 64, 113,
............................... 142,156, 177
intermediate rainfall woodland,
receiving 600-1000 mm of rain

per year
Sudd (A.) e, 19, 122, 138,
............................... 209-215
marsh.vegetation on the Nile
SymbioSiS ..., 95

relation of two organisms of
different species to the benefit of
both

Territory ....ccccceeeveeiiiiiins 92
well-defined area defended by an
individual against intruders
(usually of the same species)

Toic (D.): .....40, 141, 146, 209-215
grass-vegetation of the floodplain
flooded during the wet season
and gradually drying up,
providing grazing grounds during
the dry season

Trade wind ........cccvvvvveneeee. 11

Transhumance ................... 143
situation in which farmers with a
of permanent place of residence
send their herds, tended by
herdsmen, for long periods of
time to distant grazing areas

Transpiration ............cc.e..... 10
evaporation of water from the
face of plants or animals

Trophic level ..................... 105
grouped organisms with similar
food sources: autotrophs,
herbivores, carnivores of first
and second order

Trypanosomiasis ........... 89, 128, 129
disease caused Ayypanosoma
parasites, transferred by fse-tse
flies: nagana in cattle and human
'sleeping sickness', a slow
process of wasting the brains

Urbanisation ........... 132,171, 175
migration of people from rural to
towns

AVZ=Tex (o] QR 88, 90, 128

organism transmitting parasites
from one to another organism

Vegetation .........cccccceeeeennn. 8, 28, 31
plant-cover of the earth
Wadi (A.) oo 32 river

bed which only contains water,
directly after rainfall

Water cycle ......ccccceveeeeeenn. 10,11
Water harvesting ............... 178
Weathering .......cccccvveveeenn. 24
Xerophyes .......ccccceeeeeeeeenn. 55 plants
adapted to dry conditions
Zooplankton ...................... 188

plankton animals
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12. Index

page numbers in bold print refer to illustrations

12.A. Index of plant names
Lower plants

AlQAE . e 61, 9596
AZONA ..o e 40, 96 97,274
BACLEIIA .eeeiiiiiiiieeii et 82,96, 97, 102,
................................................................................................ 107, 127

I e 40, 75

FUNGIE e 39, 82,84,996,
................................................................................................ 107

LICREN e 75, 95,96, 118
LYCOPOAIUM L.ty e 44,75

IMIOSS ettt ettt e+t e e e e e e eeaeeaa 117,118
PIatyCeriUM ..o iiiiiiies ciemrrmre e e e e e e e e e e e e e e e s e e s e s s eeeennennes 75

RRNIZODIUM oo e 96, 97
SAIVINIA ... 40, 274

VIFUS Lttt ettt e et e e e e e e e e e e e e e e n e 84, 127
Herbs and grasses

ACANTNUS ..ot e 44, 180
ACANthOSPENNUM ...eviiiiiiiiiiiiiies e r e e e e e e e 272

AQaVve ..o SISl 67

ACTANGIS ..ttt e et e e e et e e e e e e aaaaaaaa s 75

ALOB .. e a e e e e e e e 56
Althernanthera ....................... Abutundfa) .........occcciii 272
Amaranthus ..............ccccccinnns Orfel@&) ........ccooevniiiiiinne 272

2 g o [ 0] oo [o] o PSRRI 35, 271
Arachis ..o, Graolmut, Ful Sudani (A.) .......... 885, 147,154,
................................................................................................ 157, 165, 167,
................................................................................................ 181, 192
ArChyranthes ...t e 2172

ATISAEIMA ..iviiiiee ettt ritiies eemm et e e e e e sttt e e e e s sbbeeeaeeeanes a8

ATSHAR oo e 35, 270
Arundinaria ........ccccceceeeeeiennenn. Mountaamboo ....................... 2.

[0 [= o PP PUURPRUPTRPR 272

BOEBINAVIA .....cooiiiiiiiiiiiiii it e e e 272

Brachiaria ........cccccccceeeiiiiiiinnnn, Umikhia.), Ajoak (D.) ............ 35, 134,271
(07 110] (o] o[- TR Usi@ar), Apabuong (D.) ........... 56, 68, 140,
................................................................................................ 174

Cassia Senna ......ccccceeeveeeeeeeenn, SENNALA. ..o 58, 174
Cenchrus spec.......cccccvvvveeenenn.. Hesk@mit ..........cooooevviiiinne 35,134,162270
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Ceratophyllum .........eoeiis e 40

11T (o] o= |- PSPPSR 220

CRIOFIS .t 270
Commelina .....cccccvvvevevieenenennn, Bayad)(A.....ccvvvveeeiiiiiieaeeeenn, 272

Ctenium ... Danlalaga (A.) ...cooovveiiiiies 270

Cucumis melo .......ccccevvvvvviennnen. Melon, AJA.) ..o, 153, 167

L1 [o1 U 1 o] r= (o - 1T PP U U TR 132
Cucurbita spec. .......ccccceevveennns Pumpliraz (A.) .cccccvvvveeeeeeennn. 154, 167
Cymbopogon ........ccccccvvvvvnnnenn. MarhareM) (...........cooeveenvnnnnnn 270

Cynodon .......cccceeeveeiiiiiiies NE= T U 2,270

Cyperus papyrus ......ccccccceeeeennn. PapyrudiBaga (A.) ....cccvvveeee. 40, 42, 57, 209
CYPErUS rOtUNAUS ......iiiiiiiiiiis eeiiemememreeeeeeeeeeaaaa e e e e s e e e e s e aannenees 150

Datura .....ccceevveveeeeieeiiieiaaeeeeee, Thapple, Sakaran (A.) ........ 272
Dactyloctenium ..........cccvvveeeee. KorebAbsdBa) ...........ccevvveeeeee. 13270
Dicanthium ..............cccceeiiininns Malhi QA ..o, 270

[T 1 - 4 - PO 270

DIOSCOrea ....cccevvvvveeieeeiiiiieeeen, Yamak (Z.) ..ccoovvvieveeinnnnn, 147,156
(D0 651 (= o 1= NSO 220
Echinochloa ..., Defdtglew, Um suf (A.)........... 34,134,146, 163
............................................. Akuath, Kam (D.) ...ccccccvvvvvnnnnn 271

Eichornia crassipes .................. Waterhydrein......................... 40,42,57,69,70,
................................................................................................ 71,100, 104,
................................................................................................ 193-5, 202, 213
Eleusine .........ccooeiiiiiiiiiiieeeee, Fingdet, Telabun (A.) ............. 2,147,157, 165,
................................................................................................ 167, 187270
Eragrostis .....ccccccvvvevieeieeeenennnn, Amhéwoinkwoin (A.) ............ 35, 134
Euphorbia hirta .......cccccciiiiiiies e e e e e e s e e 2172

[ LU Y- PSS 67

GOSSYPIUM ooeviiiiieieiiiieeiie CottOtIB(A.) weveeeeeeeiiiiiiaeeeeen, 153,191, 192
Gynandropsis .........oooeeeiiieinnnns Tamaldikg, Akaki (D.) .......... 272

[ [S1 (=] o] o] o [ ] o KN TP TT NPT PUPPPPPPTPIIN 270

HIDISCUS .. 98

HUuggea ....ccocccvveeeeeiieieees [DF=14 7 (/- V) 140
Hyparrhenia ........ccccccvvvvennnnnn.. BUNBS) (..eeeeeeriiviieieeeeeeeee 35, 43, 146271
[PDOMOBA SPEC. ..uiiiiieieeiiiiiiiiiiiit st e e e e e e e e e 40, 42,272
[pomoea .........cooeveviiiiiiiiieeeeee, SWRBHALO .....cooeiieee, 147, 1587
Imperata .....ccccoeeeeeeeiiiiiis Speasg, Bingba (Z.) .....cccccoe... 74, 1801
(1771 11 o T PR 270

= 1S 0 ] o] T SR aL4

LANTANG ..oeeiiiiiieccee e e 272

[T £ T PP PUUPPPPPPPPR 271
LEQUMINOSAE ....iiiiiiiiiiiiiiiieiiiees ceieeeeeeaaaibeebb b eeeeaaeaaaaaaaaaeas 96, 97,224, 226
LeNS .o LHEAAIS (A.) i, 84,147
[I=To] o o) 11 T Kughbishu (A.) e, 272

Loranthus .............cooeeeenniinnnnns Abu teta (A.), Niogadok (D.) 84, 104
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[0 10 (o < (= 271

Luffa oo EA.) oo 42
LyCOpersicon ........ccccvvvvvvvnnnnnn, Tomat@raduro (A.)....... ... 84

Manihot .......ccccccvvvvviiiieeennnnnn, CassaBabwa (Z.) ...cccceee cevvvenns 85,100, 128,
MEIINIS <.t et e
Mundulea..........ccccceeeviiiiieeneenne .

NEOoranthanenia ...........cccuveeiiiiis vt e et siiee ceeeeanns

Nicotiana ......ccccccevvvivieeeeennnnnn,

Oldenlandia ......cccuuviiiiiiiiiieiiies e e
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Orobanche ...t Haluk)(A.....coooeeiiiit e 8472

Oryza spec. Rice, ...cccccevvvveeen... Ambel&az (A.), Lob (D.)........ 2,154, 163, 164,
................................................................................................ 271
Oxythenanthera ............ccccee. Bamboo, itzafAA.), Nganzi (Z.) 115, 271
Panicum spec. ........ccooviiiiiiiinns Kreb (A 2,35 134,271
Paspalum ... e e 270

Paullinia ... e 140
Pennisetum purpureum ............ Elephant grass............. ........ 40, 42,271
Pennisetum spec. ............ccueee BulrushehiDukhn (A)) ........ 2,147, 167, 222
PEPEIOMIA ...uvvviiiiiiiiiiiiiii s eee e e crreeerrrr e e e e e aeeeas 75

PIOLIS oot eeeas 270

Phaseolus .........cccccciiiiiiiiiiinns Beans.......ccocccvviiiiiiiiies i, a&7, 192
Phragmites .........ccccccciiiiiiinnns ReedzBam (A.), Arur (D) ...... 42, 43, 14571
1) (T Walettuce, El Tubbur (A.) ....40, 100
PYIrethrum ..o et e e e e e e e e e e n e aeeeas 68, 160, 193
ROtDOEIIA ....eevieiiiiiiiee s e 270

RICINUS ..ovvviieiiiieeeeeeeeee Casib Hurua (A.) ..ccoovet v, 272
.............................................. Bunga (Z.)

Saccharum ..........ccccooiiiiiiiiiinns SUQaAECAN.......ceeeeeiiiiiiiin ceeeeeees 57,154
Sesamum ......ocovcvvvnviiniieeereeee SIMSAY) (ooveeeeeiiieee i 147,157,18¥2
Setaria ... Bhrel kelb (A.), Allok (D.) ...... 35, 14875
Solanum incanum ................... Gibbein (®itaak (D.) ... ........ 272

Solanum tuberosum ................. Potato..cceee i e, 181,186
Sorghum ... Durdll®d ..........ooooiiiin e 2,57,638384,
.............................................................................................. 122,128,147
.............................................................................................. 156,157,162,163
.............................................................................................. 154,167,181, 222
S 0] 0] o To ] 11 1S3 271

SHIQA v Buh.), Loreng (B.) ...... ....... 83, 84, 150, 153
Tephrosia ......cccccceeiiiiiiiiiiis Davwsaraaki (A.) ..coooves veveeeenn. 140
THEMEAA ..ooiiiiiiiiiee et e e 271

Tribulus ..o, (D1 r: 11N 272

I 10 = U PPPPPPRPPRN 118, 272
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Typha ..o BUMiS (A.) .ot e, 40, 409, 271

Urena .......ccooeeeeeceeiiiniieeeeeeee (G 1) SO 272
ULHCUIAITAL oot e e 4Q, 78, 97
VallISNEIIA ...eeiiieiiiiiiiii et e e 40

VOSSIA cevvviiiiieieeeiieei s UDT S 2,43, 271
ZeamaiS .....ooveiiiiiiiieeeee Malize.......eueeeiiiiiiieiieiiiees e 57,1098, 147,
................................................................................................ 154, 157, 160,
................................................................................................ 165,167, 181
Trees and shrubs

ACACIA GENEIAL ....cii i e eeeeeeaan 56, 143, 157
Acacia albida ................ooee Haraz)(A......ccooiiiiiiiiii e 43, B3, 153,
................................................................................................ 156266
Acacia drepanolobium ............. Peny (D) eeeeeeeeeeeeieiiiiees e, 589

Acacia fistula ..........ccccvvvveeennn. Suffsyad (A)) covveeiiiies i, 99, 114
Acacia mellifera ..........ccccuvveee. [ (A 34, 334,266
Acacia nilotica ...............eeeenee SUNEYA. e e 3,43,5841266
Acacia nubica .........cccccceeiin. Aud (A e e 266

Acacia polyacantha ................ Xakamut (A.)....oeeveeeeeeies e 11366
Acacia senegal ............ccceeeeenn. Gum arabasbab (A.) ... .... 3,35,60,114, 160
............................................. Acondok (D.), Kodopi (B.) .......... 184, 2266
Acacia seyal ............ccoeeecinnnnns Talh)A&Ret, Thep (D.) ... ....... 38,58-60,1185
.............................................. Kikwati (B.) ..vvvevviivieenenns e 162, 209260
Acacia sleberiana .................... XUK (A e 1136
Acacia tortilis .....ccccceeeeeeenn. Sayy8amr (A.) ceeeeeeeeeees e 3, 32, 286
Adansonia digitata ................... Baobab, didb(A.) ......... .......... 35,133,134, 166
.............................................. Dunyduol (D.) ...cccceevvviniinns e 267

Adenium obesum ..................... Desert rose, &mar (A.) ....... 35, 38, 140268
.............................................. Loreng (B.)

Aeschynomene ...........ccccceeeeeee. Ambatch............ccooiiit s 43, 12466
Afzelia ....ooooe R@(D.), Pawe (Z.) ....ccce. ... 268

AIDIZia ....oooiii AGEA) e 266
ANOQEISSUS ....cooeeeeeiririievieeee Sahablag(A.), Ameth (D.) .....115 154,268
ANNONA ..o Apib(®.), Lomudi (B.) . .......... 13267
.............................................. Bagora (Z.)

Avicennia marina .................... Shora (A e e 3,47
Azaridachta iNdiCa ...........coooiiis oo s 160,7,269
Balanites aegyptica .................. Soapbeategert date, Heglig (A.) 35, 58, 59,
................................................................................................ 113115
.............................................. Thau (D.), Lallok (B.) ........ .......... 1335140,
................................................................................................ 156,162, 163,
................................................................................................ 195267
Borassus aethiopum ................. Fanpalm, bdlk.), Ageb (D.)..35,38,104115,
................................................................................................ 131
.............................................. Wawuki (B.) .......oooeveiiiinn el 269
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BOSCIa ...eeveviiiiiiiiieieieieeeeeeee, Mekh(A.), Fog (D.) ....... .......... 133

Boswellia .......cevvvevveviiiieeennnnnnn, Frané&nse, Taraktarak (A.) ...... 1267
'Butyrospermum .............cc..e.... Sheabutterhulu (A.), Rak (D.) 38115133,
................................................................................................ 156267
Carica papaya .......ccccoeeeeecunnnnnns PAWPAW. ... eeeeeieieiiiiiiin e 200

CaSSIa oot Umitschu (A.) .o . 1768
CapparisS ....eeeeeeeiieeeeeeeeeeeeee TundBb), Naugot (Sh.).. .......... 133
Ceiba pentandra ...........cccccoo... Silk cotti@e ...............cee. ... 67

Celtis .oooeeeeeeieiie e AUEA.) oo s 3,267
1010]T0] o] o] 1o r- 1R 172268
Cinchona ..........cccciiiiiennn. QUINBE ..t e, 68

CitruS .ooeeeeeeiee e LOM ... e 68
Coffed uvvveeeeiiiiiiiiee e, G e 00 44, 68, 218
Combretum ........ccceeeeeeiiiniiinne Habilb&gh (A.) evveeeeees e, 115, 268
Commiphora ......ccccccvvevveeneeeenn. Gafal (A e, 57
(00 ] (o[- Sodaak, Gambil (A.) .... ......... 13367
Cordyla .....ccvvviiiiiiiiiiiiieee, Dompgdk (A.) .eeeeeeieieieeieees e 13%6
Courbonia .........ccooeeviiiiiiiiiis Kurd#n), Daya (B.) ...... .eceeeeee. 133
Crateva ......ccccceveeeeeeeiiniiiins Dabl) .....ovvviiiiiiiiiiiiies e, 13%7

(LU o] =TT 1 1= S 181, 221269
Dalbergia ......ccccccvvveereirinnnennnn. Afridalackwoods, Babanus (A266
.............................................. Rit (D.)

Daniellia ........ccooeeeiiiiiiiiiiis Bu.jABeling (D.), Bovotoda (Z.)11268
Dichrostachys ...........cccccvnvnnne Hegamdida (A)), Kir (D.) ...... 181, 266
DIOSPYIOS ..covviviiiiieiiiiiiiiiis Africabony, Abu sebela (A.) .... 4B15 133,
.............................................. Cum (D.) «ovvveeeeeiiiiieeeeeee 1200 163,267
[0 4] 01=) Y- NS 12
Dracaena .....ccccccceeeeeeveeiiiiicnnnns Drages, Batt (A.) ..cccccv ceenenns 4869
ENSete ....ooevvvviiiiiiiiies Whlahana ........ccccooeeeens a4.

Entada ......ccoooiiiiiiiiiie LRYIA.) oo e, 266
ENYENIING . ..o 266
LU= )Y/ o (1 LR 177,178269
Euphorbia candelabrum ........... Shagarel sinp @ual (D.) ......... 43%6,5867, 68
Ficus populifera .........ccccvvveeeeen. MOUNt&LDD .......ovvvvvveeeerens e 3,35

Ficus sycomorus ...........cccceeeee.. Gameiz (Ngap (D.), Kuyi (B.) 114, 13268
FiCUS SPEC ...vvvvveeeiiiieieeeeie, Sttanfig .....ccoeeeeeiie e, 44,75 95
Gardenia ......ccccceeiiiiiiiii, Abb#A3, Dong (D.), Dupiti (B.)140
Gmelina .....cceevvveiiiie e Melina......cccovvviiiiiiiiiis e, 177
Grewia .......cccoeevveeeeceeeee Gaid€A.), Apor (D.) ... ccccuveeee 13267
.............................................. Tireye (B.)

HAGENIA .o e e 268
Hyphaene .........ccccccoiiiiiiiinnns Dom palmam (D.) ........ coceeeees 35, 43, 104, 33,
................................................................................................ 269
Isoberlinia ........cccccvvvvvvveeeeeennnn, VupR), Rengo (D.) .ccvvvr vvvnennns 3368
JUNIPerus ........cceeeecvvviiniinnee, Afrigaencil cedar ........... .......... 269
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Khaya .....ccccooiiiiiiiiiiies Mahog, Homra (A.), Tit (D.) .. 3&7, 115 140

.............................................. Bagu (Z.), Kiyir (B.) .......... ... 15217,268
Kigelia ..ccooovviiiiiiiiiiiiiiee Sags tree, Abu shutor (A.) ...35, 38,67, 98
................................................................................................ 104
.............................................. Rual (D.), Kubuli (B.) ........ .......268
Lachnosiphonium .................... Kharum (Aghei (D.) ... .......... 14268
.............................................. Kuluji (B.)
LEUCAENA .ciiiiiieiiiiiiiittit e iies cememmrei bbb e e e e e e e e e e e e e e eeeens 177,266
(o] o] o1 r- U Tan@a), Zawa (Z.) ..ccccev cevnenns 1336
G = 1T (U SafBh ..o e, 3267
Mangifera .........ccccocuvviiiiiieeennn. 1Y/F= T o o TP 164,71269
MOFINGA ..evvvvviieiiiiiiiiieeaeeeeeee, Shagtaauwag (A.) ...ccev veeeee 135
Olea .ooovveiiiiiiiiii s Broolive, Badda (A)) .... .......... 133, 2PB7
Parkia ......cccccccvveeiiiiiiiieeeeeeenn, Ussinad (A.), Akon (D.) . ........ 115 133,266
............................................. Abongba (Z.), Muluti (B.)
PhoeniX ......cccccvvveiviiiinieenennnnn, Dpm, Nakhla (A) ...... .......... 13369
Phytolacca .........cccccuvvvvviiieennen. SoapPEr....coiiiieeee i 135 195
Piliostigma ... KUIKEA.) oo 114, 1288
PithuranthOS.........uuuiiiiiiiiiiiis e e 56
PiNUS ..oveveeiiiie EWMBE ..o e, 7,921
[0 T oY= T 01U 1R 96, 97, 227269
Prosopis africana ..................... Abu suf@ig, Jier (D.) ... .ooeenees 14266
............................................. Zangare (Z.)
Prosopis juliflora ...........cceeeee... MESOUIL.......vvveeeiiiiiiiieeees e, 177, 1286
Pseudocedrella ..........cccccceeeee. Durubg (Ao 11268
ST-11VZ To [o] - N Toathdh tree, Arrak (A)) .......... 13367
Sclerocarya .....ccccceeeeeeiiiiiiiinns Hom@d), Akamil (D.) . .......... 114, 13267
Stereospermum .......cccceeeeeeeennn. Khash (A)..cccceeeiiiiinns o, 268
Sterculia ... TartA.) ..o s 268
Strychnos ... Ergeggat (A.) .eeeieens e 1287
SYZygium ......oooiiiiiiiieeeeeeen Sanamfdr) ...t s 13367
Tamarindus indica  ................ Ardeib (A.),&2(D.), Abanza (Z.)43,114, 133,
................................................................. 16268
Tamarix aphylla ....................... Tarfa, AAL) .o e 43, 17269
Tektona ... Teak ... e 711281, 2|
Terminalia ........cccccvvviiiiiieennen. Darét), Piok (A)) ..ot e 115, 268
VILEX oo Kain, Abdugulgul (A.) .... .......... 13368
.............................................. Kanink (D.)
Ximenia ......cooceevvviviiiiieiineeee, Kaltslankuwe (A.), Melat (D.).. 13367
.............................................. Lama (B.)
ZiZIPhUS .ovveeeieiiiiicee e, Sitiiabak (A.) e 67, 84114,133,
................................................................................................ 163267

12.B. Index of animal
Insects
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Anopheles......cccccciiiiiiiiiiis Madamosquito .............. ...... 40,63,70,72, 89,

................................................................................................ 106, 127, 132,

................................................................................................ 280

AN e e rees 39, 99 104-6

................................................................................................ 280

ANETION e e e 39, 106,280

APNI e 1aaaa 80

Apis mellifera ......ccccceeeeeeeen. Honeybee........ccccvvevvevees wenee 44, 135137,

280BEELIE ...t e e 40, 104, 105,

280Bristle tail .....cc.vveeeieiiiiiiiies et 39 81

BULEITIY .ttt et e 44, 65 66, 104,

................................................................................................ 105280

Caddisly ..o e 40

Caterpillar ........oooieii e aeeead 65,104,105280

ChIFONOMUS ..eoiiiiiiiiiiiiie et vt ceeens 40, 83, 1188

COCKIOACK ...oooiiiiiii e et 280

Collembola...........cccccvviviiiiieenen. Sprinbta........ooooeiiie s 39, 81, 82

COliXA oot WIIBG ...evveeeeeeiiiieeeeees e 40

COLON PESES ettt eiiis e e e e e e ceeeees 1682,193280

CUleX .o MOSD ......ccvvveeeeevviiieennns ... 40, 63, 280

[ =T (0] 01 Y/ SRR 40,63,93,103-6,

................................................................................................ 120280

BArWIg ooeiieiiieeie e e 39

FlEa e e 86

GEITIS .euiiiiiiiiiiieieeetiee e eeinveneeeeeeees een 40

(€1(01517 o T- P TOHES....cccees e, 38,90, 128,

................................................................................................ 129-131141,

................................................................................................ 144, 145, 152

GraSSNOPPET ...eiiiiiiiiiiiiiiiiitetiees ettt et e e e e e e e e e e e e e e e aaaeas 35, 39, 65104,
....................................................................................... 1@80

HOUSETIY s e e 39

Laccotrophes ........ccccccvvvvvveennen. Waterpemm ........ccceveveeees vevenn 40

LOCUSL i ee e e e e e e eeeens 54,63,103,120,

................................................................................................ 280

1Yo 1 PP 65, 77, 95,280

Notonecta .........cccevvvvveiinnnnnnn. Boatsma.............ccceeeeeeen ... 40

Praying mantid .........ccccuuiiiiiiis et aeaaaaans 64,280

RENAIA ..o 40

SIMULIUM s e e e s reee ereeees 0,988

SHCK INSECT .uveiiiiiiiiiiiiie ettt e aeens 64, 104, 105

TOIMITE et a e e 35,76,7982, 106,

................................................................................................ 165, 179280

WESP coiiiieiiiiiiit ettt et et e e et a e e e anraaaes taeeas 67, 77,78, 280

WRILETIY ©eeeie it e e 80, 84

260



Other invertebrates

CeNtiPEAE .o 39, 106

(O (0] =Y - N 86, 132

COPEPOU it e —————— 1 40

(O00] - | PR L |

BEarthworm ..ot e e 39, 76, 81, 106,
....................................................................................... 117

[ ¢= T (0 1= o F- U 7,81, 127, 132

(=T o [T 87

[ICT<To1 o [P {0

LEISNMANNIA ....coveiieeie s et es eeeaeans 89

LI e ee aeaaas 86

Y 11T o T=To U ERUR 39, 81,106

1N 39, 40 82,106

Y T ESET= 40

Nematode ......ccoooeevvvvveeeeirennnnen. Eelworm.......ccoevveeeeivivnnn vennen, 39, 50, 84, 102,

................................................................................................ 106

()] (o1 [ 101=] (o7= LN 0,9430-2, 188

(@ 1] {r= 1o 0 Yo [T 40

g P T P-4 - " {0

Plasmodium .........cccevvveeveerennnn. Malaria......ccoooeeeveviieieiies e, 86, 83, 127

(g 7= 111 40

ProtOZOa . ... e e 6l, 78

ST o] g 115 (01T 0] 1 4 - 91, 127, 188

SCOIMPION ittt ettt e e e e e e e e e e e e e e enaanee aene 33, 39

SEA ANEMONE ...iieviiieii e ees emreemm e e e e e e e e e ees eevaes 49

ST M U] 1 49,

Y 21120 o TSRS 40

Y 0= 11 T 5,67 134

S o]0 (=] SO PPPPPPPPRR 39, 104-6

SPONGE ettt e e e e, aaaed 49

] ¢z T {1 P (¢

LI = 01 TAPEM ..o eeeeee 88-

1513 87

TIYPANOSOME ...ttt ceeeeeeeee e e e e e e e e e e e e e aees aaaanns 8B, 128-131

WOOAIOUSE ...ttt ettt e e e e ee eeaaas 39, 81, 106
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Fish (for local names, see p. 138)

Alestes ......ccceevnnen. 13875
Bagrus ......ccccccvveeen. 13375
Clarias ......cccceeeeees 13875
Clarotis ................... 13875
Citharinus ............... 13875
Distichodus ............. 13875
Gambusia ................ 195
Grass-carp .............. 194
Gymnarchus ........... 13875
Haplochromis........... 198
Heterotis ................ 19875
Labeo .......ccceeeeeenns 13875
Lates ...vveiiiiieeenn, 138,198,5
Malapterus .............. 7275
Mormyrus ............... 13275
Polypterus ............ 275
Protopterus .......... 61, 62 138, 215
Synodontis .............. 66, 13875
Tetradon .............. 66, 275
Tilapia ......cccceeeeeenn. 138, 19597
................................. 19975
Amphibians

Toadfish ................ 40

Treefrog ........c...... 44

Reptiles

Crocodile................. 43
Chameleon ........... 6, 35, 65104,
105

Lizards .....cccccee.nd 6,33 43,77,92
................................. 103-105
Snake ....cccceeveneen. 35, 44, 6777,
104

................................. 105
Tortoise ......cccuue.. 35, 59,67
Birds

Barbet ..................44, 277
Bee-eater ............. 35, 6294,104-5,
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.............................. 277

Bulbul ........ccevvnene. 277
Chicken .........c..o..... 140, 143, 279
Cordon-bleu .......... 94, 277
Coucal ... 88H
Crested crane ......: 40, 191,276
Eagle.....ccccccceeenn. 44, 276
Egret.....ccoocvvvveeeenen, 989, 276
Egyptian goose ....... 43, 78)
Francolin .............. 276
Goshawk .............. 94, 276
Guineafowl ............. 135

Heron ..., 94, 276
Hammerkop .......... 40
Honeyguide .......... 44, 137
Hornbill ................. 44,94 104, 105,
.............................. 276, 277
Hoopoe ................ 35, 277

IbiS oo 94, 276
Jacana .................40, 43,276
Kite v, 63, 77, 104, 143
Kindfisher ............. 40, 94, 277
Marabou ................. 881, 276
Ostrich ...cooeeevvevnnnne.. 35,135
Oxpecker ................ 999
Pellican ................. 94, 276
Quelea .......ccccvveee. 102,120, 166,
193,

.............................. 277
Robinchat ............ 86

Roller ......c.coouueee. 35, 277
Saddle-bill-stork ...40
Secretary bird ....... 55
Shoe-bill-stork....... 40

Shrike ...coooovevivvnnnnnn. 104, 1057
Starling ........cc...nd 94

Sunbird ................: 44, 93,94, 98
SWIft e 92,9277
Tinkerbird.............. 44

Vulture ...ooeveeveevnnneens 8@1
Weaverbird ............. 102-10%77
Wheatear ............. 35



Whitestork .............. 19277
Mammals

Addax .....c.ccoeeeveeenn. 334,54
Baboon ................... 3559, 278
Barbary sheep.......... 23233

Bat .....ccooeveeeennnn... 44,77,93, 9498,
.............................. 279

Blue monkey ........ 44, 220,279
Bongo ......ccceeeniinn A4

Buffalo ........cc...... 35,44,6776, 79,
.............................. 80, 116, 220,
278

Bushbuck .............44, 116, 165,
220,

.............................. 278

Bushpig ............... 44, 165,278
Caracal ................. 35,79

Camel ......ccovee.. 33,54, 79, 123,
................................. 143

Cheetah ................ 35, 77,279
Civet ..o 44, 279
Colobus monkey...44220,227 279
COW vt 54,76, 79, 140-
................................. 146

Dama gazelle ....... 33, 34,54
[D]1(0 |1 35, 278
Donkey .....cccceveeeeeee. 54, 140
Dorcas gazelle ........ 197

Duiker ......ccoccveeennn. 44,116, 220278
Eland ...........c...... 35,278 278
Elephant ............... 35,3844,54, 76,
.............................. 80, 94, 116, 117,
................................. 220, 278
Elephant shrew .....44

Fennec fox ........... 33

Gallago ................. A4

Giraffe ......ccccccee.. 35, 38, 93, 116,
.............................. 278

Ground squirrel ....33, 279

Goat ..cccvvveeeine, 33,79, 122,140-
................................. 144
Hartebeest ............... 780, 116

Hedgehog ............... 6879

[ 170] o Jo R 43,76, 94, 116,
.............................. 278

Hunting dog............. 80

Horse ... 140

Hyaena ................. 35, 50,81, 220,
.............................. 279

Hyrax .....cccoovvnnnnnns 35, 279

Jackal .......cccoeeeeel. 8R79

Jerboa .................. 33, 55
Klipspringer .......... 35

[1G0] ¢ JTT 116, 117, 145,
.............................. 278

[0 [0 [ R 35, 278
Leopard ................ 35, 44 81, 220,
.............................. 279

Lion ..o 35, 76, 80,81,
.............................. 124,279
Manatee ............... 194

Mongalla gazelle ...35, 79,80, 116,
.............................. 278

Mongoose ............ 35, 104,105279
Nile lechwe ............. 43,92, 116, 278
Nubian ibex ............ 23233

Oribi .ooovvviiiiieeee 1178

(0] 07 QT 33, 34, 54, 197
Pangolin ...............{ 67,279
Porcupine ............. 67, 279

Rabit ... 5279
Reedbuck ................ 116

Rhino ......cccceeennns 35, 38, 116, 136,
.............................. 278

Roan .......cc.occvvvvennnn. 116

Sandrat .................... 54

Sheep .oocvveevecnnnen, 33, 54, 79, 122,
................................. 159, 140, 143
Sitatunga ................. 43, 1168
Tiang ...ccccceeveerennnnne 116,117,145,
.............................. 278

Warthog .......cceee.e... 11878
Waterbuckl ............. 11878

Zebra ..o 35, 64, 79,80,
................................. 11878
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'12.C. Index-of geographic terms

Acholi ...ccceeeeeenenein. 220, 221

Arabian desert ........ 12

Aswan high dam ..... 40,189, 202, 208
Atbara ..........coeeeeeen. 40

Atlanticocean .......... 12, 15

Aweil ....oeeiiinn. 152

Azande .........cc......... 123,158,164,165
Baggara .................. 143

Bahr el Ghazal ........ 43,100, 144, 214
Bahr el Jebel ........... 38, 210, 214
[=70] QTR 214

Butana .................... 144

Congo .....ceevvevvnnnnn 15

Darfur ........ccovvveeees 32

Didinga .........cccueee 184

Dinder ... 114, 189, 230
Dinka .....ccocoeeeeinnnnnn. 144, 164
Dongotona .............. 165, 184
EastAfrica ............... 10

El Fasher ................. 175

El Obeid ................. 175

Ethiopia .................. 10, 15, 24
Gezira .....ccccevvvvnne. 121, 189, 191-3
(11 [0 F 17, 19, 44, 217,
................................. 219

Gogrial ..., 152,164
Imatong mountains.. 17,184,186,217-
................................ 222,229

Jebel Marra ............. 15, 24, 121, 184,
................................. 186

Jebel Kujur ............. 179, 182, 183,
235 Jonglei ............. 145, 207-217,
228 Juba ......ccceenn... 17, 19, 130, 179,
................................. 202, 231

Kajo Kaji .....ceeveeeen. 154,164

Katire ....ccooeeeevvvvnnnnn. 17, 19, 44, 217,
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Kenya ..........cccoeees 123,186,193,218
Khartoum................. 17, 19, 40, 121,
................................. 201
Kinyeti......cccccvveeeenn, 186, 217, 222
[(C0 1) | 17,19, 121
KUKU v, 164

Lake Victoria .......... 121, 122, 198
Machar marshes ...... 216

Malakal ................... 17, 19, 38, 122,
................................. 213, 214
Mongalla ................ 38, 213

Nile e, 10, 38, 40, 100,
................................. 121, 153, 194,
................................. 202

Nimule ........cccoeeeeeeee 38, 202, 231
Nuba mountains....... 15, 184, 186
Nubian sandstone ... 265, 27, 177
NUEr ..o, 144, 210

Port Sudan............... 193, 201
Rahad ............eeee. 189
Redsea.....cc..ccu....... 12

Rizeigat ........cccce.c... 144

Sahara ......ococevveeene. 8,12, 122
Shilluk ....ovveeieeinnnn. 144

ST o - R 121
SourceYubo ............ 17,19

STUTo [0 H see glossary
Talanga ..........cccues 219, 222

L o] | 130, 186
Uganda ........ccee.... 17,123, 207, 218
Umm Ruwaba for-27

mation

Wadi Howar ............ 122

Wall ... 154

Zaghawa ................. 143, 144, 162
Zaire ..coooveevieiieieennnns 15, 19,44, 123
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The joy of observation

illustrations of some common
plants and animals of the Sudan

Appendix to: Ecology textbook for the Sudan

©1984, meine van noordwijk
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LEGUMINOSE TREES:

&
A. polyacantha spp.
campylacantha

ocephala Prosopis julifiora

Dalbergia melanoxylon Cordyla africana
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TREES/SHRUBS, MOSTLY WITH EDIBLE FRUITS:

Sclerocarya birrea Diospyros mespiliformi

Butyrospermum niloticum _Strychnos spinosa Olea africana Cordia africana

267
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TREES, MOSTLY WITH USABLE WOOD:

e

2 S

=0 NG
S/

Lachnosiphonium niloticun _Stereospermum kunthianum™ Kigelia aethiopum Vitex doniana
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SOME GRASSES AND SEDGES OF DRY PLACES:

% o
Digitaria velutina Dactyloctenium

degyptium
% I

%

Perotis patens Dicanthium annulatum

SN =t

Sorghum purpureoserceum Eleusine indica Kyllinga erecta Cyperus rotundus

270
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SOME GRASSES AND RELATIVES OF WET PLACES:

vl
Pennisetum purpureum Oxythenanthera

abyssimica

Imperata cylindrica Olyra latifolia Themeda triandra Loudetia arundinacea

271
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SOME. COMMON WEEDS:

Tridax procumbens

Orobanche minor

Amaranthus hybridus
i

7/"/3

Commelina africana

Datura stramonium Ricinus communis Ipomoea verbascoidea antana camara

272
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, Water organisms (for names see p. 40)
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BIRDS I, MOSTLY OF WET HABITATS:

Long crested Chanting
hawk eagle

Cormorant

Pelican Black-headed

White storE Openbill stork

Bustard Jacana Black-headed plover Egyptian plover

276

277



BLRDS Il, MOSTLY OF SAVANNA HABITATS:

Roller

Bee-eater

Pied crow

Wydah ' Cordonblue Palm swift

Quelea Bishop weaver

Nightjar
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MAMMALS I: HERBIVORES

Giraffe

Greater kudu Sita-tunga Bushbuck

Mongalla gazelle Common duiker Oribi Dikdik
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MAMMALS 11: CARNIVORES, OMNIVORES, HERBIVORES

“ 100 ¢

Jackal - Spotted hyaena

— 80em » —— bocm » m
Baboon Patas monkey Vervet monkey

50cm > ¢ Jocm » ¢ 20 e »
Hedgehog

30cm 50 cm

: . ‘_——%' ‘_——h—'
Fruit-bat Insect—eating bat Groundsquirrel
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INSECTS:

NRERT

Cottonstainer-bug Ant-lion

(aduit and nymph)

P23 kem

Giant beetle

° Tem
© 01 0103 Mm

Termite Anopheles  Culex
(worker and soldier)

019 3 hem 0 i iemb
—— P -y
Emperor moth Hawk-moth

ol'l.;cm

Butterfly Caterpillaré Wasp Honey-bee
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This book gives an introduction to basic principles of ecology in a Sudanese
context. using local examples. Much of the material used was sofar available
only in a few libraries in the Sudan. Ecology is presented as a way of thinking
about and interpreting one’s own environment. which can only be learned by
practising. by applying these ideas to one’s specific situation.

Some peopleare ecologists with their heads’, considering ecology to bea purely
academic. scientific subject; some are ’ecologists with their hearts’, being
concerned about the future conditions for life on our planet Earth; others are
‘ecologists with their hands’, having learned some basic principles of ccology by
trial and error in traditional agriculture, fisheries etcetera.

Educarion of "ecologists in their mind’. combining the positive sides of the three
approaches mentioned, can be seen as essential for the future of a country such as
the Democratic Republic of the Sudan, with its large environmental potential
for positive development, along with areat risks of mis-managing the natural
TeSOUTCes,
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