


~f-CsauutT

Natural resources research XX



.
I1.
V.

Other titles in the series
Natural resources research

. A review of the natural resources of the African
continent

Bibliography of African hydrology

Geological map of Africa with explanatory note
Review of research on latérites

V. Functioning of terrestrial ecosystems at the

VI.

VII.

VIII.

IX.

X.
XI.

XIl.
XII1.
XIV.

XV.
XVI.

XVII

XVIII.
XIX.

primary production level. Proceedings of the
Copenhagen Symposium

Aerial surveys and integrated studies. Proceed-
ings of the Toulouse Conference
Agroclimatological methods. Proceedings of the
Reading Symposium

Proceedings of the Symposium on the Granites
of West Africa: Ivory Coast, Nigeria, Cameroon,
March 1965

Soil biology. Reviews of research

Use and conservation of the biosphere

Soils and tropical weathering. Proceedings of
the Bandung Symposium, 16 to 23 November
1969

Natural resources of humid tropical Asia
Computer handling of geographical data
Tropical forest ecosystems. A state-of-knowl-
edge report

Review of research on salt-affected soils
Tropical grazing land ecosystems. A state-of-
knowledge report

. Vegetation map of South America: explanatory
notes

Case studies on desertification

Solar electricity



The vegetation
of Africa

A descriptive memoir
to accompany the Unesco/AETFAT/UNSO
vegetation map of Africa

by F. White

Unesco
d O '5 Z.~'1 | 2eifl odo. 21



Published in 1983 by the United Nations

Educational, Scientific and Cultural Organization,

7 Place de Fontenoy, 75700 Paris

Printed by Courvoisier S.A., 2300 La Chaux-de-Fonds

The designations employed and the presentation of the material
in this publication do not imply the expression of any opinion
whatsoever on the part of Unesco, AETFAT or UNSO
concerning the legal status of any country or territory, or of its
authorities, or concerning the delimitations of the frontiers of
any country or territory.

ISBN 92-3-101955-4

©Unesco 1983
Printed in Switzerland



Preface

The new vegetation map of Africa has been compiled
by the Vegetation Map Committee of the Association
pour I’Etude Taxonomique de la Flore de I’Afrique Tro-
picale (AETFAT) in collaboration with Unesco and the
United Nations Sudano-Sahelian Office (UNSO). It
comprises three map sheets at a scale of 1:5000000, a
legend, and the present accompanying memoir.

An earlier AETFAT Vegetation Map of Africa South
of the Sahara was published in 1958 with financial sup-
port from Unesco. It soon went out of print, and at the
fifth plenary meeting of AETFAT held in Genoa and
Florence in 1963 a small committee was asked to look
into the possibility of preparing a new edition. At about
this time, Unesco had convened a Standing Committee
on Classification and Mapping of Vegetation on a
World Basis, and had initiated a programme of mapping
the world’s vegetation at a scale of 1:5000000. In this
connection, AETFAT was invited to participate in the
preparation of a new and more detailed vegetation map
of the whole of Africa as part of the world series.

It was originally intended that all the maps in this
series should use a uniform legend and colour scheme,
but, because of the complexity of the subject-matter and
the diversity of approaches, this objective has not been
fully achieved. Hence, the map of Africa differs in some
important respects from the Unesco-FAO Vegetation
Map of the Mediterranean Basin and the Unesco Vegeta-
tion Map of South America. The classification used for
the African map also diverges in some respects from that
recommended in the Unesco publication International
Classification and Mapping of Vegetation (Ecology and
Conservation Series No. 6, 1973). It is based almost
entirely on physiognomy and floristic composition of
the vegetation, and not on climate, although a few com-
parative climatic terms such as moist and dry are
occasionally used in the designation of the mapping
units. Otherwise, vegetation and climate are dealt with
separately, and separate climatic maps are given in the
text for each of the major phytogeographic regions.

A feature of the Unesco/AETFAT/UNSO Vegeta-
tion Map of Africa is that, in the legend, the mapping
units are grouped in the traditional manner according to
physiognomy, whereas in the text, here, they are grouped
according to the floristic regions in which they occur.
There are thus two interconnected classifications, which
can be used independently but are fully cross-refer-
enced. The legend permits easy comparison of African

vegetation with that of other continents, whereas in the
text it is possible to deal effectively with complicated
spatial and dynamic relationships.

While the legend of the map is composite (English
and French), this accompanying memoir, because of its
length, has been prepared in separate English and
French versions. The memoir aims to provide a succinct
though comprehensive account of the vegetation of the
African mainland, Madagascar and the other offshore
islands. Brief introductory chapters deal with geology,
climate, soils, animals, fire, land use and conservation.
Their purpose is merely to provide an entrée to the
specialist literature and to introduce important topics
which recur elsewhere in the main text.

The vegetation of the main floristic regions is
described individually in twenty-two chapters, which
comprise the greater part of the text. For each region the
salient features of the flora, geology and climate are also
described, and a black-and-white map is provided. The
latter illustrates topographic features mentioned in the
text and summarizes the regional climate by means of
climatic diagrams. For each of the main vegetation
types, references to source materials and other impor-
tant publications, published photographs and profile
diagrams (if available), as well as major synonymy, are
given.

Publication of the Vegetation Map of Africa forms
part of Unesco’s long-term programme for the synthesis
and diffusion of information on natural resources. The
map thus complements other maps such as the vegeta-
tion maps of the Mediterranean Basin and of South
America, the FAO-Unesco Soil Map of the World or the
small-scale map showing the world distribution of arid
regions. It is also related to a number of other Unesco
initiatives for synthesis of information at regional and
international levels in order to promote the integrated
management of natural resources. Mention might thus
be made of A Review of the Natural Resources of the
African Continent (1963), the more recent Unesco-
UNEP-FAOQO state-of-knowledge reports on tropical
forest ecosystems (1978) and tropical grazing land eco-
systems (1979), and a series of national case studies on
desertification (1980). Several issues in the Man and the
Biosphere (MAB) Technical Notes Series also deal with
problems of natural resources and their management in
the African region, including a review of ecological
approaches to land use in the Sahel (MAB Technical



Notes 1, 1975), a study on traditional strategies and
modem decision-making in the management of natural
resources in Africa (MAB Technical Notes 9, 1978) and
an analysis of trends in research and in the application
of science and technology for arid-zone development
(MAB Technical Notes 10, 1979).

The United Nations Sudano-Sahelian Office
(UNSO) was established by the Secretary-General of
the United Nations in 1973, in the aftermath of the
severe 1968-73 drought which devastated the economy
and social life of the Sahelian region, to initiate and
assist in the implementation of the medium- and long-
term recovery and rehabilitation programme in the eight
countries of the area, namely, Cape Verde, Chad, Gam-
bia, Mah, Mauritania, Niger, Senegal and Upper Volta.
Since that time, UN SO has developed into the principal
body and central co-ordinating point of the United
Nations system mandated by the General Assembly and
other United Nations organs (a) to assist the eight
drought-stricken Sahelian countries—members of the
Permanent Inter-State Committee for Drought Control
in the Sahel (CILSS)—in the implementation of their
medium and long-term recovery and rehabilitation pro-
grammes; and (b) to act as the arm of the United
Nations responsible for assisting, on behalf of the
United Nations Environment Programme (UNEP),
eighteen countries of the Sudano-Sahelian region in the
implementation of the Plan of Action to Combat Deser-
tification, as a joint UNDP/UNEP venture (Djibouti,
Ethiopia, Guinea, Guinea-Bissau, Kenya, Nigeria,
Somalia, Sudan, Uganda and the United Republic of
Cameroon, in addition to the eight countries mentioned
above).

UNSO’s work, undertaken in close collaboration
with the Sudano-Sahelian countries, CILSS and the
respective United Nations agencies, is focused primarily
on: (@) assisting the countries and CILSS in the plan-
ning and programming of priority projects and pro-
grammes in the field of drought-related medium- and
long-term recovery and rehabilitation activities and
desertification control; (b) providing assistance in the
mobilisation of the necessary resources for implement-
ing such projects and programmes, either on bilateral or
multilateral bases, or by contributions to the United

Nations Trust Fund for Sudano-Sahelian Activities
established by the Secretary-General for that purpose;
(c) managing the Trust Fund and implementing, from
the resources of the Fund, in accordance with the
relevant rules and regulations of the United Nations,
projects not undertaken bilaterally or multilaterally;
and (d) monitoring, reporting and disseminating know-
ledge on drought-related and desertification-control
programmes.

As is shown in Figure 1 (see page 12), the Sudano-
Sahelian region extends over a large portion of Africa.
Consequently, it is hoped that the information contained
in the Vegetation Map of Africa and in the accompany-
ing memoir will provide a synthesis of knowledge on
African vegetation that will be useful as a source of
reference in land-use planning as well as in training for
the purposes of drought recovery and rehabilitation and
of desertification control.

The task of preparing the map and memoir has been
a very long and complex one, and Unesco expresses its
sincere thanks to the AETFAT Vegetation Map
Committee in seeing the work through to fruition. The
committee was made up of the following specialists:
A. Aubréville, L.A.G. Barbosa, L.E. Codd, P. Duvi-
gneaud, H. Gaussen, R.E.G. Pichi-Sermolli, H.Wild and
F. White (Secretary). In publishing the new Vegetation
Map of Africa, Unesco is especially grateful to Mr Frank
White of Oxford University (United Kingdom), who
compiled the vegetation map on behalf of the AETFAT
Vegetation Map Committee and who is the author of the
present memoir. The views expressed herein are those of
the author and are not necessarily shared by Unesco and
byUNSO.

Unesco also thanks the Oxford University Press for
the preparation of successive proofs of the map.

In finalizing the map and memoir, an attempt has
been made to use up-to-date forms of geographic names.
However, the designations employed and the delimita-
tions of frontiers on the map and in the accompanying
text do not imply the expression of any opinion what-
soever on the part of Unesco or UNSO concerning the
legal or constitutional status of any country, territory,
city or area or of its authorities, or concerning the
delimitation of its frontiers or boundaries.
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Introduction

The new Vegetation Map of Africa and its accompany-
ing text is the fruit of some fifteen years of co-opera-
tion between Unesco and AETFAT (Association
pour I’Etude Taxonomique de la Flore de I’Afrique
Tropicale).

In 1965 the AETFAT Vegetation Map Committee,
consisting of A. Aubréville, L. A. G. Barbosa, L. E. Codd,
P. Duvigneaud, R.E.G. Pichi-Sermolli, H. Wild and
F. White (Secretary), to which the late H. Gaussen was
subsequently co-opted, was asked to collaborate with
Unesco in the preparation of a new vegetation map of
Africa as part of the latter’s programme of mapping the
world’s vegetation at a scale of 1:5000000.

The materials used in compiling this map turned out
to be exceedingly diverse. Those used for the first draft
included:

1 Original contributions by Duvigneaud, Pichi-Sermolli and
Gaussen for Zaire, the Ethiopian region, and the Maghreb
and Madagascar respectively.

2. Large-scale maps which were being prepared for indepen-
dent publication elsewhere by Wild & Barbosa for the
Flora Zambesiaca region (1:2500000) and by Barbosa for
Angola (1:2 500000).

3. The remarkably detailed and accurate map of the Veld
types of South Africa (1:1500000) by Acocks. Codd
advised on the adaptation and simplification of this work
for the present purpose.

4. Several published and unpublished maps of parts of franco-
phone Africa communicated by Aubréville.

5. For much of the remainder of Africa, a large number of
vegetation maps at various scales, which had been prepared
for a wide variety of purposes.

6. For the few parts of Africa without vegetation maps of any
description, correspondence with a host of local specialists,
many of whom are members of AETFAT, has supplied the
missing information.

I have been responsible for attempting to standardize
the source materials and weave them into a coherent
whole. In doing this | have continued to receive the
unstinted help of the committee members and many
others, but | must bear full responsibility for the final
presentation and the imperfections which remain.

The map and the descriptive memoir cover not only
the whole of Africa and the large island of Madagascar,
but also all ecologically important islands in the eastern
South Atlantic and western Indian Oceans, though space
could only be found for a very brief treatment.

The purpose of the map is not to provide detailed
information on any particular area for the benefit of
residents in that area, since that information is usually
available locally in published or unpublished form and
is also inappropriate on maps of this scale. Rather, the
purpose is to indicate to local residents in broad terms
the manner in which the main features of their local
vegetation can be related to the main features of African
vegetation as a whole. Another major objective is to pro-
vide a framework on a continental scale within which
more detailed local studies can be conducted and
compared. Inevitably, in simplifying larger-scale maps
arbitrary decisions cannot be avoided and deliberate
omissions must be made. This should be borne in mind
by users of the map, especially those seeking local detail.
It is for considerations such as these that some features
of altitudinal zonation have been deliberately sup-
pressed. It would have been cartographically possible to
have shown a more complete and accurate zonation but
the small gain in factual content would not have been
commensurate with the effort and costs involved.

A few years elapsed between the completion of the
first draft of the map and its publication. This time was
put to good use since it provided many opportunities
for testing the accuracy of the map. This was done in
different ways, as follows:

1 Several ecologists, travelling extensively in Africa, have
been able to check the map against vegetation on the
ground. I, myself, in the course of three journeys in East,
Central and Southern Africa, undertaken for other pur-
poses, have been able to check the accuracy of several
pattem lines. The Maghreb was also specifically visited to
check the map and collect information for the accompany-
ing text.

2. Earlier drafts of the map were exhibited at the plenary con-
gresses of AETFAT held in Munich in 1970 and Geneva in
1974, when members of AETFAT, whose collective experi-
ence, which embraces the whole of Africa, were invited to
comment on the map. By this means several inaccuracies
were avoided.

3. For those parts of Africa | have not visited a collection of
vegetation photographs, published and unpublished, was
assembled in order to check whether the physiognomy they
portray agrees with that one would expect from the map.

All this checking has led to some significant corrections,
but for much of Africa the accuracy of the map, within
the objectives set out above, was confirmed. For a few
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(relatively) parts of Africa, there is a total dearth of
information. For other parts, even where the original
documentation was sparse, subsequent work has usually
confirmed the validity of the general features shown on
the map, though inevitably some local detail was shown
to be inaccurate. This reflects, at least in part, inaccur-
acies in the base maps used at different stages in the
compilation.

The relationship between the broad framework
attempted in the Unesco/AETFAT/UNSO Vegetation
Map and more detailed studies can be illustrated by
reference to the vegetation of Marsabit District in
Kenya, which | visited in 1980, long after the map was
completed. The area under consideration occupies
approximately 3x3.5 cm of the Unesco map, which
shows a pattern of islands of undifferentiated Afromon-
tane communities and degraded evergreen bushland
arising from a matrix of lowland deciduous bushland
and semi-desert shrubland and grassland. The much
more detailed map of Herlocker (1979a) at a scale ten
times greater (area of map 100 times larger) shows nine
primary vegetation types which can readily be inter-
preted in terms of the Unesco framework, even though
the criteria for distinguishing the major types do not
always coincide.

The classification of vegetation used in the present
work differs in some respects from those in general use.
This, in part, is due to the fact that the flora and vegeta-
tion of Africa are now better known than those of most
other parts of the tropics. For Africa a new synthesis
now seems appropriate. The principles underlying the
present approach are discussed in Chapters 6 and 7.
They can be briefly summarized as follows:

1 Vegetation, in the first instance, should be classified
without reference to the physical environment, including
climate, or to animals. The extent to which environmental
factors and the associated fauna can be used to diagnose
vegetation types should be evaluated independently. In the
classification adopted here climatic terms are occasionally
used, but only as a convenient nomenclatural shorthand for
important physiognomic and floristic differences which
it would be impossible to designate concisely in purely
physiognomic or floristic terms.

2. The physiognomic features which figure prominently in
conventional classifications were found to be inadequate.

3. A chorological system based on the patterns of
geographical distribution shown by entire floras, as
revealed by samples, was found to provide both the basis of
an objective framework within which the vegetation of
Africa can be described and compared, and an indirect
shorthand method of expressing the entire physiognomy of
regional vegetation types, not merely a few selected
features.

4. As to nomenclature, it was found that sufficient English
terms were available to cover the main physiognomic types,
and no difficulty was experienced in finding French equi-
valents. It was thus possible to avoid the use of imported
vernacular names of equivocal application such as savanna
and steppe for classificatory units of high rank. By contrast,
indigenous, African vernacular names for local variants of
the major physiognomic types have proved most valuable.

For some parts of Africa a rich vocabulary is available and
several terms such as ‘muhulu’, ‘mopane’, ‘miombo’ have
been taken up and precisely applied by local botanists.
Relatively few such terms have been used in a formal sense
in the present work, although the potential application of
others is indicated in the text. The fifty or so terms men-
tioned are included in a combined glossary/index at the
end of the work.

Because the classification is based solely on the plants
themselves, sometimes supplemented by features of the
environment which can be seen, such as standing water
or outcrops of rock, the colour scheme adopted for the
map does not consciously embody information on
climate. The colours chosen were determined primarily
by economy and clarity of presentation of information
on the vegetation.

In order to maintain continuity with the first
AETFAT map, the Vegetation Map of Africa South of
the Tropic of Cancer (Keay, 19596), which is well known,
similar colours have been used for the main regional
vegetation types. Since the colours of the earlier map
were chosen to reflect the principles of Gaussen’s (1955)
system of climato-ecological cartography, this new map
inevitably embodies some climatic information. But
this is accidental. In my opinion, in our present state
of knowledge, it is preferable to map climate and
vegetation separately.

With this in mind, in the present work an attempt
has been made to characterize the twenty regional phy-
tochoria by means of selected climatic diagrams. The
results are displayed on seventeen pictorialized climatic
maps (Figs. 5-8 and 11-23) (not twenty, since some
figures include more than one phytochorion). These
maps not only summarize a great deal of climatic infor-
mation, but also allow visual comparison of the main
climatic features of the different phytochoria. They also
show all the main topographical features mentioned in
the text.

Within the constraints imposed by economy and
continuity with the past, the colours of the mapping
units have been chosen to bring out the relationships of
the latter. Much of the vegetation of Africa is transi-
tional and this is shown by using ‘pyjama’ stripes. A
white background to stripes of colour indicates land-
scapes which are largely anthropic. The map was
designed so that, when viewed from a distance, it shows
features of regional extent. Increasingly closer inspec-
tion should reveal detail of increasingly local signifi-
cance, but for ultimate detail the user should refer to
the text.

For reasons given in Part Two, the one hundred car-
tographic units shown on the map are described in the
text under the twenty regional phytochoria (eighteen on
the African mainland, two on Madagascar) in which
they occur. The outlines of these phytochoria are also
boldly indicated on the map. To a considerable extent
they coincide with the regional vegetation types,
although they were discovered independently.



Introduction u

The main aim of the text is to describe salient fea-
tures of the vegetation. The original draft was twice as
long as this published version, so, for reasons of econ-
omy, much detail has been omitted. Similarly little room
could be found for detailed discussion of the influence
of climate, geology, soils, fire, animals and man on
vegetation. Where such influences are particularly
striking they are mentioned in the text. Otherwise,
detail must be sought in the works referred to in the five
introductory chapters dealing with these topics.

The vegetation types are described as concisely as is
compatible with their complexity. For each type the
principal sources of information, both published and
unpublished, are cited, as are references to characteristic
photographs and profile diagrams. It is hoped that this
information will, at least in part, compensate for the fact
that, diagrams and maps excepted, this work lacks illus-
trations. In order to avoid imprecise generalizations, |
have tried to characterize the individual vegetation types
by describing one or more concrete examples. Wherever
possible, | have chosen examples | am familiar with in
the field, or those described by authors who were avail-
able for discussion of their work, either orally or by
correspondence. Inevitably, because of the great area
covered and the diversity of vegetation types, it has
not normally been possible to describe detailed patterns
of vegetation in relation to environmental factors
and human interference. There are, however, a few
important exceptions.

This is chiefly because UN SO expressed a wish that
such information should be given for the drier parts of
Africa, which suffered from the recent Great Sahelian
Drought. This provided an opportunity to include
detailed accounts of selected areas of outstanding eco-
logical importance in relation to human needs. The
examples chosen are the Jebel Marra area and part of
Kordofan Province, Sudan Republic in the Sahel
Region, and the Serengeti ecosystem, and part of Marsa-
bit District, Kenya, in the Somalia-Masai Region. They
clearly illustrate the ways in which the results of such
local studies can be accommodated in a more general
framework, such as that which is the subject of the
present work, and also demonstrate the fundamental
importance of the detailed study and mapping of
vegetation in land-use planning.

In addition to the detailed studies referred to above,
other investigations inspired by the Great Sahelian
Drought have resulted in an extensive, more general,
literature on the ecology of the Arid Zone (Anon, 1977,
Bartha, 1970; Breman & Cissé, 1977; Brown, 1971;
Cloudsley-Thompson,  1974;  Curry-Lindahl, 1974;
Dalby & Harrison-Church, 1973; Dalby et al., 1977; De
Leeuw, 1965; FAO, 1977; Gallais, 1975; Konczacki,
1978; Lamprey, 1975, 1978; Lewis, 1975; Monod, 1975;
Petrides, 1974; Swift, 1973; and Unesco, 1975). It has
not been possible to summarize this in detail, though it
has been taken into account in expanding the chapters
on the Somalia-Masai and Sahelian regions.

The position of the Sahel and the four study areas
mentioned above are shown on Figure 1

In attempting to characterize the different vegetation
types floristically, economy has been exercised in the
selection of representative species. In other words equi-
valents of the ‘zone fossils’ of geologists have been
sought. Even so, it has been necessary to mention some
3000 species in the text. They are included in an index to
botanical names together with those major synonyms
that feature prominently in the ecological literature.
Hence the index provides a means of obtaining both new
and previously published information on the autecology
of the majority of important plant species in Africa.

A serious attempt has been made to ensure that the
names used are those which satisfy the requirements of
the International Code of Botanical Nomenclature and
that the citation of authors is correct. In this connection
I have received much help from the Director of the
Royal Botanic Gardens, Kew, and his staff, but for some
parts of Africa, particularly North Africa, the relevant
information is not readily available and some further
checking is required.

The names of countries are based upon United
Nations official practice. There are a few exceptions.
Thus, for the United Republic of Cameroon, the simple
French title of ‘Cameroun’ is used throughout the pub-
lication, in order to retain consistency with the names of
geographic locations such as Mount Cameroun and the
Cameroun highlands. For reasons of brevity, the Demo-
cratic Republic of the Sudan is referred to either as
Sudan or as Sudan Republic when the use of term
‘Sudan’ could be taken to mean either the country or the
centre of endemism of the same name. Similarly, ‘Gui-
nea’ and ‘Guinea Republic’ are used as synonyms for the
Revolutionary People’s Republic of Guinea. The Social-
ist People’s Libyan Arab Jamahiriya is referred to as
Libya or the Libyan Arab Jamahiriya. Generally, the
English-language version of a country’s title is used in
the text of the memoir (e.g. Ivory Coast), though the
French title (Céte d’Ivoire) may be used on the map and
climate diagrams, given that a single version of the map
and figures has been prepared to accompany the two
language versions of this descriptive memoir. Finally,
some older administrative names have been maintained
because they feature prominently in the botanical
literature.

The bibliography of some 2400 items aims to be
comprehensive rather than complete, though it is un-
likely that many important works have been left out.
Apart from a few recent publications, most of the works
referred to were used in writing this book, and all but a
small minority of the cited references were personally
checked by the author in the course of completing the
manuscript. For ease of reference a second bibliography
is provided in which the publications are arranged geo-
graphically.

F. White
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F1G. 1 Map of Africa showing names of countries and position of the Sahel regional transition zone, the Somalia-Masai
regional centre of endemism and four Sahel-type study areas described in the text: (A) Jebel Marra (Chapter XV1);

(B) Kordofan (Chapter XVI); (C) South-Western Marsabit District (Chapter IV); (D) The greater Serengeti region
(Chapter IV). The following countries are members of the Plan of Action to Combat Desertification: Cape Verde, Chad,
Djibouti, Ethiopia, Gambia, Guinea, Guinea-Bissau, Kenya, Mah, Mauritania, Niger, Nigeria, Senegal, Somalia, Sudan,
Uganda, United Republic of Cameroon and Upper Volta
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List of former names of countries

List of former names of countries which appear in the
cited botanical literature.

Old name New name

Abyssinia Ethiopia

Anglo-Egyptian Sudan Sudan

Basutoland Lesotho

Bechuanaland Protectorate Botswana

Belgian Congo Zaire

British Somaliland Somalia (part)

Cameroons United Republic of Cameroon
or Cameroun

Dahomey Benin

Eritrea Ethiopia (part)

Fernando Po Bioko

French Guinea Guinea

French Somaliland Djibouti

French Sudan Mah

Gold Coast Ghana

Old name

Italian Somaliland
Madagascar

Middle Congo
Northern Rhodesia
Nyasaland

Rhodesia

Rio Muni

Ruanda

Southern Rhodesia
South-West Africa
Tanganyika Territory
Ubangi-Shari

Union of South Africa
Urundi

Zululand

New name
Somalia (part)
Malagasy Republic
Congo

Zambia

Malawi
Zimbabwe
Equatorial Guinea
Rwanda
Zimbabwe
Namibia
Tanzania

Central African Republic
Republic of South Africa

Burundi
KwaZulu (part)
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1 Geology and physiography

Africa is the second largest continent. It is unique in
that, with the exception of the Atlas mountain system in
the north-west and the Cape ranges in the south, it
consists of a continuous crystalline shield which is
exposed over extensive areas. In places, unaltered sedi-
mentary rocks deposited on a metamorphic basement
complex are largely of Precambrian age. In the Sahara
and the Kalahari region aeolian sands conceal the older
rocks over large surfaces.

A general account of the geology of Africa has been
published by Furon (1963, 1968), who also wrote the
explanatory note to the Unesco/Asga geological map of
Africa (Furon & Lombard, 1964). The latter is extremely
brief. A somewhat longer treatment accompanies the
FAO-Unesco soil map of the world (FAO-Unesco,
1977). Clear summaries of the main features of African
geology are few. The following pages rely heavily on that
of Grove (1978).

Important regional works include those by Gray (ed.,
1971) on the Libyan Arab Jamahiriya, by Whiteman
(1971) on the Sudan Republic, by Cahen (1954) on
Zaire, by Haughton (1963, 1969) on the stratigraphy of
Africa south of the Sahara and on the geological history
of southern Africa, by Du Toit (1954) on South African
geology, and by King (1967a, 19676, 1978) on South
African scenery and geomorphology. The physiography
and geology of East Africa are briefly summarized by
Saggerson (1962a, 19626, 1972). Méckel (1974) has
described the geomorphology of the shallow streamless
depressions (dambos) at the heads of drainage systems
on the Great African Plateau in south-central Africa.

A line drawn across the map of Africa from Angola
to western Ethiopia divides the continent into high and
low parts (Fig. 2). Low Africa, in the north-west, is made
up of sedimentary basins and upland plains mostly
between 150 and 600 m above sea level, comprising the
Sahara and the catchments of the lower Nile, Senegal,
Niger, Chad and Zaire rivers. Land rising above 1000 m
is confined mainly to: the Atlas mountains in the
Maghreb; the Saharan massifs Ahaggar and Tibesti;
Jebel Marra in the Sudan Republic; the headwaters of
the Niger; the Jos Plateau in Nigeria; and the Cameroun
highlands. Nearly all of High Africa, to the south and
east, rises above 1000 m, with the exceptions of Somalia,
the broad lowlands of Mozambique and relatively
narrow coastal plains and valley strips elsewhere. Even
the Kalahari basin is about 1000 m above the sea, and in

east Africa the surface of Lake Victoria stands 1130 m
above sea-level.

The rocks of Africa span a time period of 3500 mil-
lion years and the geological structure of the continent is
complicated. There are three great areas where the rocks
were affected by mountain building more than 1500 mil-
lion years ago that have not been disturbed by folding
since. They occupy the western lobe of Africa, the Zaire-
Angola region and the Zimbabwe-Transvaal-Orange
Free State area, and are called older cratons. The areas
between the older cratons have been affected by moun-
tain building within the last 1200 million years and are
known as the younger orogens. Among those minerals
which are associated with vegetation anomalies, the
principal deposits of chromium and asbestos are found
in the older cratons, whereas most of Africa’s copper,
lead, zinc, and cobalt are contained in the younger
orogens.

The ancient rocks of the older cratons and younger
orogens, which are mostly of Precambrian age, underlie
the whole area, but they are widely buried by younger
sedimentary rocks and wind-blown sand. They outcrop
in watershed areas and escarpments flanking the Niger
basin, and form the rugged massifs of Air and Ahaggar
as well as the dissected plateaux of the Guinea high-
lands, and Jos in Nigeria. They build the Cameroun
highlands and all the western rim of the continent from
the Crystal Mountains to the Orange River in the south.
Granites, gneisses and schists, exposed in hill ranges or
masked by the products of long-continued weathering,
form long watersheds between the Nile, Zaire and Chad
basins. In East Africa they appear more extensively than
elsewhere, building much of the high country between
the Transvaal in the south and the Red Sea Hills of
Egypt in the north.

The oldest of the crystalline rocks are intensely fold-
ed schists and banded gneisses which are resistant to
erosion but generally less so than the granites intruded
into them. Over wide areas these old rocks are character-
ized by extensive, gently sloping sarfaces, covered with a
deeply weathered layer or comparatively recently trans-
ported material which conceals the solid rocks. The
granites and some of the gneisses form rugged hills or
dome-shaped inselbergs which rise sharply from the sur-
rounding plains, whereas quartz dykes stand up as long
narrow ridges. Commonly it is the rocks in the vicinity
of igneous intrusions that have been mineralized.
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The youngest of the Precambrian rocks have not
been strongly folded in most areas. They include the
gold-bearing quartzites of the Rand, much-hardened
sandstones, of which the older cratonic rocks were the
source.

From the Lower Palaeozoic period until the Jurassic,
Africa, together with South America, Antarctica, Mada-
gascar, India and Australia, was part of a southern land
mass, Gondwanaland. Before its break up it was
surrounded by an ocean in which great layers of sedi-
ments accumulated. They now form sandstones, shales,
limestone and dolomites in the Maghreb, the western
Sahara and the Cape. Some of these rocks are very
resistant to erosion, notably the tough sandstones of
the Cape series which form Table Mountain behind
Cape Town.

The sands and clays accumulating on the continental
margins and in the oceans around Gondwanaland were
derived from the erosion of the surface of the super-
continent. In Ordovician times the seas locally invaded
the interior and laid down shales and sandstones which
now form escarpments rising from the desert plains at
the margins of Tibesti and Tassili des Ajjers. Resting on
these marine rocks are tillites deposited by the continen-
tal glaciers that, 450 million years ago, occupied much of
what is now the north-western Sahara.

From 450 to 250 million years ago Africa was never
very far from the South Pole. At that time violent earth
movements caused the rocks of the Cape System to be
strongly folded. Subsequent erosion has moulded the
ranges which run parallel to the coast south of the Great
Karoo.

The Karoo gives its name to a system of rocks which
accumulated over much of southern and central Africa
during the Upper Carboniferous, Permian, Triassic and
Lower Jurassic. The system includes glacial tillites,
marine clays and coal-bearing continental deposits,
debris eroded from the Hercynian fold mountains,
deltaic and lacustrine sandstones, and enormous sheets
of volcanic lavas. In Lesotho the lavas are as much as
1800 m thick.

In north Africa, the Continental Intercalaire, a
system of rocks varying to a similar degree, but much
thinner than the Karoo, accumulated at a somewhat
later stage. It includes the Nubian sandstone and other
permeable water-bearing beds that underlie much of the
Sahara and are tapped by deep boreholes.

During the late Mesozoic, Africa became separated
from the rest of Gondwanaland. As the oceans around
Africa widened, freshwater and then marine deposits
accumulated on the continental margins. Great fractures
appeared in the east, letting down blocks of Karoo sedi-
ments, which subsequently guided the evolution of the
relief and drainage. Similarly in West Africa, the Benue
fault trough opened from the Gulf of Guinea, penetrat-
ing far to the north-east into the Saharan region.

From the Cretaceous (100 million years ago)
onwards the geological history of the south-eastern part
of the continent is quite different from that of the north-

west. The former was left high and dry, and only its mar-
gins were covered with marine sediments. The north and
west were flooded by seas advancing south from Tethys
in which thick layers of sandstone and limestone were
laid down. During the late Cretaceous and Tertiary
periods Africa moved north, slowly deforming the
sediments in the Tethys ocean to produce the European
Alps and related structures, including the Atlas. This
Alpine deformation was associated with several faults
with large horizontal movements. One such series of
faults separates the folded rocks of the Maghreb from
the rigid Saharan block.

South of the Atlas, the rock strata were not greatly
contorted by the late Mesozoic and Tertiary earth move-
ments, except in the Benue trough, where Cretaceous
sandstones and clays were quite strongly folded and
have since been dissected to give scarpland topography.
Elsewhere, the basin form of certain depressions was
accentuated, and stresses in the crust caused large-scale
faulting.

Evidence exists of successive uplifts of High Africa
and of watershed areas throughout the continent during
late Mesozoic and Tertiary times. The uplifted areas in
High Africa form the Great African Plateau, which is
the largest plateau in the world. Most of the plateau is
more than 900 m above sea-level.

Generally, the edge of the plateau forms the highest
ground and is in the nature of a watershed between the
headwaters of plateau rivers and those of the coastal
drainage.

In southern Africa the highest parts of the plateau
rim are on the Drakensberg (Thabana-Ntlenyana,
3485 m, and many points above 3190 m) and the
volcanic cone of Mt Rungwe, 2961 m, in southern
Tanzania. In between, the syenite mass of Mlanje in
southern Malawi rises to 3000 m, the granite Namuli
Peak in Mozambique to 2419 m and Inyangani in
Zimbabwe to 2515 m. On the western side of the
subcontinent the highest points on the plateau are in
Angola (Mt Moco, 2620 m, Serra da Chela, 2300 m)
and in the Auas highlands south of Windhoek
(Molkteblick, 2485 m), but the highest point in
the west lies outside the plateau where the Brandberg
rises steeply from the Namib desert to an altitude of
2695 m.

The original edge of the plateau probably at one time
formed the coastal margin of the continent, but as
streams cut back into the plateau edge and as the sea
floor became exposed during uplifts of the land mass,
the edge of the plateau no longer formed the coastline,
but became a physical feature separating the plateau
from the coastal region. In the course of time, with the
continued retreat of the plateau edge, and with further
exposures of the sea floor, the area between the plateau
and the coast became in places so extensive that it can
now no longer be considered coastal in character, but
rather as a region marginal to the plateau, its inner areas
removed from the coast in some places hundreds of
kilometres.
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In southern Africa the boundary between the plateau
and areas marginal to it is generally called the ‘Great
Escarpment’. The latter is a variable feature, particularly
in height, abruptness, and steepness of slope, depending
chiefly on the configuration of the plateau itself, its rock
formations, and on climate. In general it is abrupt, cliff-
like and linear where hard, resistant formations overlie
soft ones. Where the rock is homogeneous and easily
decomposed the escarpment is an irregular feature with
more gentle slopes.

The Great Escarpment is most abrupt and promi-
nent along the border of Natal and Lesotho, where it is
capped by Stormberg lavas and is known as the Dra-
kensberg. Elsewhere in southern Africa it is usually a
well-defined feature, but in places it vanishes or is not
very pronounced. Thus there is a 95 km wide gap
between the Koudeveld and Nieuweld Mts in Cape
Province. North of the Swakop River in Namibia there
is no distinct edge to the plateau for 480 km except for
the western face of the Erongo Mts. In Angola north of
the Huilla plateau the escarpment forms the watershed
between the Cunene basin and the coastal drainage but
does not form a very well-defined feature.

North of the Natal Drakensberg the Great Escarp-
ment is only intermittently conspicuous and no plateau
edge is discernible in the Limpopo valley, but in
Zimbabwe the feature is again recognizable in the Mel-
setter-Chimanimani highlands and the Inyanga scarp.
Further north, owing to advanced dissection and to
complex trough faulting the position of the plateau edge
is difficult to locate. To the east of Lake Malawi it is
possible that the Njombe highlands represent the posi-
tion of the plateau edge in pre-rift valley times, but this
is conjectural.

In southern Africa two primary divisions of the great
plateau can be recognized: the central or Kalahari basin,
and the peripheral highlands, which are widest in the
east and narrowest in the west.

The Kalahari basin extends some 1930 km from the
Orange River to the southern Zaire watershed. Its
greatest width is 1300 km and it has an area of about
1640000 km2. It is almost entirely covered with a mantle
of sand, which extends across the watershed into the
Zaire basin, and is probably the largest continuous
surface of sand in the world.

It is widely believed that each uplift of High Africa
was followed by the cutting of an erosion surface graded
to a lower base level than the one preceding it. Some
geomorphologists have looked upon the continent’s
relief as consisting essentially of broad erosion levels
and intervening erosional escarpments, of which the
most striking of all is the Drakensberg in the Republic
of South Africa.

Dating of the erosion surfaces and the stages in the
evolution of the relief is difficult, and the way in which
the erosion surfaces have been cut is still uncertain. King
(1967, 1978) groups the surfaces together into a few
major ‘cycles’ and attributes them to pediplanation
involving scarp retreat over long distances, but more

evidence is required before this interpretation of African
landscape can be unreservedly accepted.

The most striking feature of the relief of High Africa
is the rift-valley system, which extends from Turkey to
Zimbabwe. In east Africa two fault systems can be di-
stinguished. The eastern rift bisects Tanzania, cuts
across the Kenya highlands to Lake Turkana (Rudolph),
then turns north-east, splitting the Ethiopian plateaux
and diverging into the much wider trenches of the
Afar depression, the Red Sea and the Gulf of Aden.
The western rift can be traced from the upper Nile
and Lake Edward, through Lakes Kivu, Tanganyika
and Malawi to the coast near Beira, with a branch ex-
tending along the Luangwa valley, the middle Zambezi
and the southern margins of the Okavango swamps in
Botswana.

The general pattern of the rift valleys seems to cor-
respond with the lines of ancient structures in the crys-
talline floor. In the southern part of the system, some of
the troughs such as the Luangwa valley seem to have
been subsequently eroded in relatively soft sediments
that filled the troughs after they had been let down
between parallel faults at the end of Karoo times. They
are essentially erosional features. In others, like the
Malawi and Tanganyika troughs, the form of the valleys
has been sharpened in late Tertiary and Quaternary
times by dislocation along earlier fault planes, some-
times involving vertical movements of many hundreds of
metres. The separation of Arabia from Africa to form
the Red Sea and Gulf of Aden has taken place within
the last 15 million years, and locally, as in the Afar and
Danakil depressions of Ethiopia, faulting has continued
into present times.

Many of the Indian Ocean and Atlantic islands are
the fragments of old volcanoes that originated on the
crests of mid-ocean ridges and were carried away from
the crest as the sea floor continued to spread, but the
Seychelles and Madagascar are isolated bits of conti-
nent. The oldest volcanic islands are the furthest from
the ridge crests. A volcano on Réunion is still active and
so are Mount Cameroun and a number of the volcanoes
in the vicinity of the rift valley, notably the Virungas
near Lake Kivu.

The coastline of Africa, like that of Gondwanaland
generally, is remarkably free from indentations. This is
probably to be explained by its faulted character, by the
lack of folding in late geological times, by continental
uplift being dominant and by the deposition of river-
borne sediments along the coast as sandbars and deltas
during and since the rise in sea-level at the end of the
last glaciation in high latitudes.

Climatic conditions have varied all over Africa
during the last million or more years of the Quaternary
period. Nearly everywhere there is evidence that the
climate has been both wetter and drier and warmer and
colder in the past. There is, however, much uncertainty
concerning the precise pattem of change, even during
the last 20000 years for which most evidence is
available.
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The climatic sequence in the drier parts of north
Africa subsequent to the melting of the ice-caps in
Europe and North America about 15000 years ago
appears to be fairly well documented. By contrast, some
conclusions about other parts of Africa, e.g. those of
Livingstone (1967, 1975) on East Africa are not fully
supported by the evidence cited, which is partly
palaeobotanical (White, 1981). It is clear that the subject
is much more complicated than is commonly assumed,
especially concerning the effects of climatic change on
the distributions of animal and plant species, and hence
on the floristic composition of plant communities.
Although this subject is important in the understanding
of African vegetation it lies outside the scope of the
present work.

Quaternary climatic fluctuation has also had pro-
found indirect effects on vegetation through changes in
soil, drainage systems and land-forms. Frequent
mention is made in the text of Quaternary aeolian sands
and lacustrine clays. The influence of Quaternary cli-
matic change on land-form has been described in some
detail by Grove (1969) for the Kalahari region and
Grove & Warren (1968) for the southern Sahara. Kassas
(1953a, 1956a) has described the desert vegetation of
Egypt and the Sudan in relation to land-form.

Although our understanding of African vegetation is
greatly enhanced if it can be related to parent material
and physiography, the influence of the former is usually
indirect through its control of physiography rather than
through the chemical nature of the soils to which it gives
rise. There are, of course, exceptions. The extensive
literature on heavy metal and other toxic soils has been
summarized by Wild (1978). Such vegetation is
comparatively localized and is only briefly mentioned in
the present account.

The distribution of sahne soils is partly determined
by geology in that they can occur in relatively wet
regions around springs provided evaporation is suf-
ficiently high, as in parts of the Mediterranean Region.
In parts of east Africa, where the mean annual rainfall is
250-1000 mm, salts derived from volcanic deposits rich
in sodium are deposited in lake basins and river valleys
(see page 266). In the Zambezian region rocks
containing the soda feldspar perthite locally give rise to
sodium soils, which, though not sufficiently sahne to
support halophytic communities, nevertheless carry
distinctive vegetation (see page 94).

The colonizing vegetation of recent lava flows has
been described by Keay (1959</), J. Lebrun (1959,
1960J), A. Léonard (1959) and Robyns (1932).



2 Climate and plant growth

Important general works include those by Aubréville
(1949), S.P. Jackson (1962), B.W. Thompson (1965,
1966), Griffiths (ed., 1972), and 1.J. Jackson (1977). The
climate of the Zaire basin is summarized by Bernard
(1945) and Buitot (1971-77), and of East Africa by
Griffiths (1962). The rainfall map of the drier parts
of East Africa and Arabia compiled by Griffiths
& Hemming (1963) is based partly on ecological infor-
mation to compensate for the paucity of meteorological
data. Swami (1973) has described moisture conditions in
the savanna region of West Africa.

Agroclimatological studies have been made for the
highlands of eastern Africa by Brown & Cochemé
(1969), and for the drier parts of West Africa by
Cochemé & Franquin (1967). Woodhead (1970) has used
water balance in East Africa as a guide to site potential.
Trochain (1952) has mapped the phytogeographic units
of West Africa using bioclimatic data, and Papadakis
(1966, 1970) has divided the world into climatic regions
based on critical temperatures of certain cultivated
plants and the water balance of the soil. This is the clas-
sification used in conjunction with the FAO-Unesco
Soil Map of the World (1977). A more detailed survey of
climate in relation to world vegetation has been edited
by Monteith (1976).

Among more specialized studies, Trapnell & Grif-
fiths (1960) have described rainfall in relation to altitude
in Kenya. The importance of light rainfall in semi-arid
areas is emphasized by Glover (P.E. Glover et al., 1962,
J. Glover & Gwynne, 1962). Rainfall variability is
discussed by Nieuwolt (1972) for Zambia, and by
Pennycuick & Norton-Griffiths (1976) for the Serengeti
ecosystem, Tanzania. Tyson (1978) adduces evidence for
a quasi-20-year oscillation in rainfall for the summer
rainfall region for South Africa, and a 10-year oscil-
lation for the all-seasons rainfall region of the southern
Cape. The literature on mist precipitation and vegeta-
tion has been briefly reviewed by Kerfoot (1968). Walter
(1936) has described the effects of fog on the vegetation
of the Namib desert, and the mist oases of the eastern
Sudan are the subject of publications by Troll (1935a)
and Kassas (1956&).

Walter (1939; Walter & Walter, 1953) has also
emphasized the importance of soil texture in relation to
rainfall in the drier parts of southern Africa, and more
generally (1955a), as has Smith (1949) for the Sudan.
Included among the relatively few other works on water

relations of African plants are publications by Okali
(1971) on some woody species of the Accra Plains,
Ghana, by Ernst & Walker (1973) on the hydrature of
trees in miombo woodland, by Vieweg & Ziegler (1969)
on the ‘Resurrection Plant’, Myrothamnus flabellifolius,
and by Gaff (1977) on the poikilohydrous plants of
southern Africa generally.

The recent severe drought in the Sahel zone and the
famine associated with it have stimulated several pub-
lications on desertification (e.g. Depierre & Gillet, 1971;
Boudet, 1972; Delwaulle, 1973; Michon, 1973; Wade,
1974). The general consensus is that destruction of
vegetation by domestic animals and man has had far
more effect than recent climatic deterioration. Boudet
suggests that the brousse tigrée patterns of vegetation
are probably brought about by wind action and sheet
flow following degradation of the original vegetation.
L. P. White (1971), however, believes that they are highly
stable and have been in existence throughout the
Quaternary period, but have migrated in response to
successive climatic changes (but see page 27).

The effect of wind on vegetation is described by
Pitot (1950&, coastal vegetation in Senegal), Jenik (1968,
tropical West Africa), Jenik & Hall (1966, effect of the
harmattan in the Togo Mountains, Ghana), and Marloth
(1907, South Africa). Tyson (1964) describes the berg
winds of South Africa, which are usually characterized
by a spectacular rise in temperature. Saboureau (1958)
provides a graphic account of the destruction wrought
by cyclones and floods on the vegetation of Madagascar,
and Sauer (1962) deals with the influence of cyclones on
coastal vegetation in Mauritius.

Several workers have attempted to classify climate
by means of indices based on selected factors which are
assumed to be important in influencing plant growth,
especially that of cultivated crops. The most widely used
classifications of this kind are those of Koppen and of
Thomthwaite. More recently Holdridge has tried to
define the world’s major vegetation units in terms of
logarithmic increases of temperature and rainfall units.
The use in such systems of mean values which take no
account of extremes was criticized by Moreau as long
ago as 1938. The systems of Koppen, Thomthwaite, and
Holdridge are discussed in some detail for southern
Africa by Schulze & McGree (1978, q.v. for references).
The application of Thomthwaite’s system with various
refinements to rangeland management in East Africa is
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described by Pratt & Gwynne (1977). Emberger’s
climatic index is referred to in Chapter VII.

As Walter (1963) points out, it is not possible to
express climate satisfactorily by figures or formulae,
however complex, because of the seasonal rhythm of the
most important factors, and variation from one year to
another. By contrast, diagrams, although far from per-
fect, can be used to summarize an enormous amount of
relevant information, and permit rapid visual compar-
ison of different stations and different vegetation types
or different chorological and climatic regions.

Walter (1955h, 1959, 1963) has adapted a model
first proposed by Gaussen (1955), and has published
¢. 10000 climatic diagrams in an atlas covering the
whole world (Walter & Lieth, 1960-67; Walter, Har-
nickell & Mueller-Dombois, 1975).

Walter’s diagrams (see Fig. 3), besides summarizing
up to eleven temperature parameters, show the annual
march of mean monthly temperature and mean monthly
rainfall, plotted on the same scale such that 20 mm of
rainfall is equivalent to each increase of 10°C above
zero.

It has been empirically established that a relatively
arid period prevails when the rainfall curve falls below
the temperature curve, and that a relatively humid
period occurs when the rainfall curve rises above the
temperature curve.

The vertical extent of the hatched and dotted fields
in the diagrams provides an indication of the intensity of
the humid or arid periods respectively. It must be
emphasized, however, that these are relative values
which apply only to the climatic type represented by the
diagram. This is because it was necessary to indicate
drought by the use of a temperature curve instead of an
evaporation curve, since potential evaporation is
measured only at very few stations, and measurements
of radiation, wind, and air humidity are rarely available
for estimating evaporation.

The curves for temperature and potential evapora-
tion often run parallel to each other, but these are not
identical. In different climatic types the relation of
temperature to potential evaporation is different and the
difference increases with aridity. A drought period when
shown on a climatic diagram is more severe the more
arid the climate. This shortcoming of Walter’s method is
unavoidable where broad comparison on a continental
scale is necessary, and is relatively unimportant if the
objective is primarily to describe the climates of different
vegetation types. The interpretation of plant growth,
however, both indigenous and exotic, in terms of climate
is another matter, and for this purpose all indices and
diagrams are of limited value, and must be supple-
mented by direct physiological investigation.

Unfavourable seasons caused by cold are also shown
on Walter’s diagrams. Months with a mean daily mini-
mum below 0°C are indicated by black blocks, and
months with an absolute minimum below 0°C are
hatched but frost may occur only in exceptionally
cold years.

Additional climatic data are shown by numbers. In
the tropics the monthly rainfall is often extremely high,
and in order to simplify the diagram, the scale for rain-
fall above 100 mm per month is reduced 10 times. This
area is shown in black and represents a perhumid
season.
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FIG. 3. Climatic diagrams for Yangambi and Lindley
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In the equatorial region the daily variation in
temperature is much larger than the seasonal variation.
Therefore additional figures are necessary: the mean
daily maximum of the hottest month; the absolute maxi-
mum temperature; and the amplitude of the mean daily
variation of the temperature.

In order to facilitate comparison, the sequence of
months for stations in the northern hemisphere starts
with January, whereas for the southern hemisphere it
begins with July. This means that the warm season is
always in the middle of the diagram.

Climatic extremes are often more important for
plants than the means, and for agriculture and forestry,
in particular, it is important to know how often such
extremes may occur. For this purpose climatograms are
used. Their construction is nearly the same as that of
ordinary climatic diagrams, except for the curves, which
show the values for single years (preferably for a period
of at least twenty years) instead of the means (see
Walter, 1971, p. 56-57). Climatograms have been pre-
pared for very few stations. Although they are indispens-
able for certain studies they are less essential for the
purpose of broad regional comparison.

Walter & Lieth have published more than 1000 cli-
matic diagrams for Africa in their Weltatlas. They dis-
tinguish ten principal world climatic types, of which five
occur in Africa, namely:

. Equatorial type, humid or with two rainy seasons.

1. Tropical type with summer rain.

I11. Subtropical type, hot and arid.

IV. Mediterranean type, with arid summer, and winter rains,
frost rare.

X. Mountain types.

Each of these is subdivided and the boundaries of
51 subdivisions including transitional types are shown in
the Weltatlas.

On map 3 of the publication of Walter, Hamickell
and Mueller-Dombois (1975), 392 climatic diagrams for
the African mainland and 14 for Madagascar and the
Comores are superimposed in the approximate location
of the meteorological station. The boundaries of the
climatic types they represent are not shown on this map.
The four main climatic regions in Africa and the tran-
sitions between them are, however, shown at a scale of
1:30000000 on their map 9.

An enormous amount of climatic information is
included in the Weltatlas and the Climate Diagram Map,
and certain broad correlations between climate and
vegetations are revealed by the latter. Nevertheless, it is
still difficult to characterize the main phytochoria and
vegetation types of Africa using these publications. For
this reason, in the present work separate maps (Figs. 5-8
and 11-23) summarizing their climates have been pre-
pared for all the major African phytochoria. For each
phytochorion the climate is also briefly described. Else-
where in the text climatic features of special significance
are mentioned under individual vegetation types.

Although it is relatively easy, using Walter’s data, to
characterize the climates of the major phytochoria, no
attempt is made here to produce a new bioclimatic syn-
thesis, since it is apparent that the relationships between
climate and vegetation are much more complex than has
generally been supposed. Thus, White (19780), who has
mapped the distributions of the Guineo-Congolian
species of Diospyros, concluded that historic factors have
played an important part. Also some features, such as
dry-season atmospheric humidity, which do not con-
tribute to the climatic diagrams, have a considerable
influence on the vegetation. Similarly heat advection, as
by the harmattan, is largely ignored by Walter’s method.

Relatively few attempts have been made to relate
growth and phenology to climate factors, other than
crudely. A notable exception is the introductory text on
tropical forest by Longman & Jenik (1974). The dis-
tribution of miombo in relation to temperature and frost
has been studied by Ernst (1971).

Various aspects of phenology have been studied by
Koriba (1958, tropics generally), Menault (1974, Ivory
Coast), Yanney-Ewusie (1968, Ghana), Madge (1965,
Nigeria), Njoku (1963, 1964, Nigeria), Huxley & van
Eck (1974, Uganda), Komas (1977, pteridophytes,
Zambia) and Malaisse (1974, Malaisse et al., 1970, 1975,
Zaire).

The growth of two rapidly growing pioneer species of
secondary forest, Trema orientalis (guineensis) (Coombe,
1960) and Musanga cecropioides (Coombe & Hadfield,
1962), has been analysed in great detail. In both species
it was found that the rapid growth appears to be related
to the prolonged and efficient development of new leaf-
area, rather than to a high rate of dry weight increase per
unit leaf-area.



3 Solls

This section is intended to introduce botanists to
literature they might find useful and to mention briefly
some topics which recur at various places in Part Three,
in the context of their associated vegetation.

The soils of Africa have recently been mapped and
classified twice for the whole continent. One system, the
CCTA classification (D’Hoore, 1964), is local to Africa,
created by scientists working in Africa, whereas the
other (FAO-Unesco, 1974, 1977) tries to encompass the
whole world. The CCTA system is summarized by
D’Hoore (1968), Ahn (1970, p. 213-19) and Young
(1976, p. 236-40), and the FAO-Unesco system by
Young (1976, p. 240-48). Information on the soil
resources of tropical Africa is included in a symposium
volume edited by Moss (1968). D’Hoore (1959) has
briefly compared the soils of South America and Africa.

Regional accounts include those by Ahn (1970) on
West Africa, Jones and Wild (1975) on West African
savanna soils, and Scott (1962) on East Africa.

Many references to individual countries can be
found in the general works cited above but the following
publications deserve special mention, in most cases
because they attempt to relate vegetation to soils: Ahn
(1961, Ghana), Audry & Rossetti (1962, Mauritania),
Ballantyne (1968, Zambia), Bawden & Carroll (1968,
Lesotho), Bawden & Stobbs (1963, Botswana), Blair
Rains & McKay (1968, Botswana), Brown & Young
(1964, Malawi), Diniz (1973, Angola), Hemming (1966,
Somalia), Hemming & Trapnell (1957, Kenya), Hopkins
(1966, Nigeria), Latham & Dugerdil (1970, lvory Coast),
Milne (1947, Tanzania), Morison et al. (1948, Sudan),
Perraud (1971, Ivory Coast), Pias (1970, Chad), Streel
(1963, Zaire, Upper Shaba, Lufira), A.S. Thomas (1941,
Uganda), Thompson (1965, Zimbabwe), Trapnell (1953,
Zambia), Trapnell & Clothier (1937, Zambia), Trapnell
et al. (1950, Zambia), Webster (in Chapman & White,
1970, Malawi), Wilson (1956, Zambia, Copperbelt) and
Young & Brown (1962, Malawi).

The soils of Zaire and Rwanda and Burundi have
been mapped in relation to vegetation in greater detail
than those of other African countries. Twenty-six publi-
cations in the series Carte des sols et de la végétation du
Congo belge et du Ruanda-Urundi (continued as Carte...
du Congo, du Rwanda et du Burundi) deal with the
following areas:

— Zaire, Rwanda, Burundi (Sys, 1960, general soils map,
1:5000000)

— Rwanda, Burundi (Van Wambeke, 1963, soils)

— Kaniama, Upper Lomami (Focan & Mullenders, 1955,
soils, vegetation)

— Mvuazi, Lower Zaire (Denisoff & Devred, 1954, soils,
vegetation)

— Ruzizi Valley (Germain et al., 1955, soils, vegetation)

— Nioka, Ituri (Holowaychuk et ah, 1954, soils, vegeta-
tion)

— Mosso, Burundi (Bourbeau et ah, 1955, soils, vegeta-
tion)

— Yangambi: Weko (Van Wambeke & Evrard, 1954, soils,
vegetation)

— Yangambi: Yangambi (Gilson et ah, 1956, soils, vegetation)

— Yangambi: Lilanda (Gilson et ah, 1957, soils, vegeta-
tion)

— Yangambi: Yambaw (Van Wambeke & Liben, 1957, soils,
vegetation)

— Bugesera-Mayaga, Rwanda (Frankart & Liben, 1956, soils,
vegetation)

— Lufira Valley, Upper Shaba (Van Wambeke & Van
Oosten, 1956, soils)

— Lubumbashi, Upper Shaba (Sys & Schmitz, 1956, soils,
vegetation)

— Kwango (Devred et ah, 1958, soils, vegetation)

— Ubangi (Jongen et ah, soils, vegetation)

— Bengamisa (Van Wambeke, 1958, soils)

— Lake Albert (Van Wambeke, 1959, soils)

— Uele (Frankart, 1960, soils)

— Kasai (Gilson & Liben, 1960, soils, vegetation)

— ‘Dorsale du Kivu’ (Pécrot & A. Léonard, 1960, soils, veget-
ation)

— Yanonge-Yatolema (Van Wambeke, 1960, soils)

— Karuzi basin (Pahaut & Van der Ben, 1962, soils, veget-
ation)

— Maniema (Jamagne, 1965, soils)

— Tshuapa-Equateur (Jongen & Jamagne, 1966, soils)

— Paysannat Babua (Frankart, 1967, soils)

— Ubangi (Jongen, 1968, soils)

— Upper Lulua (Gilson & Frangois, 1969, soils)

— Mabhagi (Sys & Hubert, 1969, soils)

— Lower Zaire (Compere, 1970, vegetation)

— North Kivu and Lake Edward (Jongen et ah, 1970, soils)

Most of the maps are at scales of 1:50000 or 1:100000,
but others range from 1:10000 to 1:1000000. All are in
colour.

General works on weathering and soil formation
include those by Thomas (1974) and Nye (1954/5). The
origin of laterite is reviewed by McFarlane (1976) and of
duricrusts generally by Goudie (1973). Some aspects of



soil genesis in Central Africa are discussed by Ellis
(1958), Webster (1960) and Paton (1961).

When soils and vegetation are mapped indepen-
dently the results frequently do not correspond. There
are several possible reasons for this. One is that the
scale of variation of soil and vegetation is different.
Another is that the vegetation is much more attuned to
the present-day climate than is the soil, some of which
has its origin in a quite different climate from that now.
Nevertheless, when soils and vegetation are studied
jointly, especially in relation to the evolution of land-
scape and drainage patterns and the activities of soil-
forming animals, good, though sometimes unexpected,
correlations are revealed. Studies along these Unes are
fewer than the purely descriptive and classificatory.
Those mentioned below are of particular interest to the
botanist.

Trapnell (Trapnell, 1943; Trapnell & Clothier, 1938;
Trapnell, Martin & Allan, 1950; see also Astle et al.,
1969, and Webster, 1960) was one of the first to combine
soil and vegetation in ecological survey. Although he
published relatively little his influence has been con-
siderable. Trapnell realized that, at least in Central
Africa, climatic effects are often masked by or sub-
sidiary to those of geomorphology and age, and that the
processes of intermittent continental uplift, pene-
planation and faulting have greatly influenced soil
formation and the differentiation of vegetation. He used
such topographic terms as ‘Plateau’, ‘Upper Valley’ and
‘Lake Basin’ to denote major soil groups in Zambia.
Trapnell’s units were based on the dominant, that is, the
most extensive, vegetation-soil association in an area.
They did not purport to describe fine detail nor to list all
the minority vegetation-soil types within each mapping
unit. Where such considerations are important the
recognition of catenas and land-forms has proved
valuable.

The concept of the catena (Milne, 1935, 1936, 1947),
which was originally defined ‘as a certain sequence of
soil profiles in association with a certain topography’, is
particularly valuable in explaining the relationships
between soils and vegetation. Following Milne’s
example, several investigators in describing soil catenas
have also included vegetation. Of special interest to the
botanist are the catenas described by Bourguignon et al.
(1960), Duvigneaud (1953), Lawson et al. (1968, 1970,
Ghana), Morison et al. (1948, Sudan Republic),
Radwanski & Ollier (1959, Uganda), Watson (1964,
1965, Zimbabwe), Webster (1965, Zambia) and Wilhams
(1968, stabilized sand dunes, Gezira, Sudan Republic).

A repeating pattern of vegetation change analogous
to that associated with soil catenas occurs at many
localities in arid and semi-arid regions. Vegetation
stripes running parallel to the contours occur on virtu-
ally flat to gently sloping surfaces. They are very
conspicuous on aerial photographs, and have variously
been described as vegetation arcs, bands or ripples and
as ‘brousse tigrée’ (Boaler & Hodge, 1964; Clos-Arceduc,
1956; Hemming, 1965; Macfadyen, 1950; L.P. White,

Soils

1970, 1971; Wickens & Collier, 1971; Worrall, 1959).
The vegetation of the bands is denser, taller and phy-
siognomically more complex than that of the intervening
lanes, which are sometimes virtually devoid of vegeta-
tion. According to L.P. White, in most of the examples
described, the stripes are not due to gross soil differ-
ences. What differences there are between the soils of
the two phases can be accounted for by the influence of
the vegetation itself.

For certain purposes of land classification for
management planning the catena is too restrictive, and
in recent years several studies, inspired by the work of
Bourne (1931), have used a framework of land classes
based on physiography, within which the different soil
and vegetation units are subordinated. This approach
has been widely used in Australia. In Africa it provides
the bases of the land-resource studies of the British
Ministry of Overseas Development. For a general dis-
cussion see Astle et al. (1969).

This method recognizes that in any one landscape
there are only a few kinds of terrain, each with its
particular combination of land-forms, rocks, soil and
vegetation. These few terrain types recur in association
with one another in the landscape to give a more or less
regular pattern always with the same interrelations. A
new landscape is recognized where there is a change
either in the terrain types or in the relations between
them. This approach, which is of wider application than
that of the catena, is more appropriate to rapid survey of
extensive little-known areas. Astle et al. found that the
patterns of landscape are easily distinguished on air
photographs and their component parts consistently
recognizable under the stereoscope. They recognize
composite landscape patterns called Land Systems, the
component parts of which are Land Facets. In their
survey of the Luangwa Valley, Astle et al. describe the
soils and vegetation of forty-six Land Facets which are
grouped in nine Land Systems. Similar methods have
been used in Botswana (Bawden & Stobbs, 1963
Bawden, 1965), western Kenya (Scott et al., 1971),
Lesotho (Bawden & Carroll, 1968), Nigeria (Bawden
& Tuley, 1966), Swaziland (Murdoch et al., 1972), and
Uganda (Ollier et al., 1969).

The part played by termites in tropical soil forma-
tion is certainly considerable but its extent is still
controversial. Termites dominate the macrofauna of
tropical and subtropical soils in the way that earth-
worms dominate temperate soils, but their influence
descends to considerably greater depths. Termites trans-
port large volumes of mineral and organic matter, both
vertically and laterally, and in many places the top metre
or so of soil has been radically modified by termite
action. The nests of some species of termite are con-
tained in mounds of earth built up above the ground
surface. The largest mounds, which may be up to 9 m in
height, represent the work of species of Macrotermes.
They are particularly conspicuous on the unrejuvenated
plateau surface in the heart of the Zambezian Region,
and most of the recent literature on the soil-forming
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activities of termites refers to them (Hesse, 1955;
Meikeljohn, 1965; Sys, 1955; Watson, 1962a, 1967, 1969,
19743, 19740).

The soil within a termite mound is very different
from that surrounding it. Usually there is more clay and
less coarse sand. The pH is nearly always higher and the
content of carbon, nitrogen and exchangeable bases,
especially calcium, is greater. The microflora is also
distinctive. There are more cellulose decomposers, deni-
trifiers, ammonifiers and nitrifiers, but fewer nitrogen-
fixing bacteria of the genera Beijerinckia and Clos-
tridium. Termite mounds are subjected to less leaching
than the surrounding soils. This should favour the
retention of bases within the mounds, but it does not
explain how they enter. The work of Trapnell et al.
(1976) indicates that bases removed from the soil by the
woodland canopy become concentrated in termitaria by
the termites themselves which feed largely on dead wood
and litter. The vegetation of large termite mounds,
which is very different from that of the surrounding soil,
is briefly described at appropriate places in Part Three.

The soils of the Zambezian Region are more diver-
sified than those of some other parts of Africa and their
influence on vegetation has been studied in greater
detail. The extensive literature on the vegetation of
heavy metal and other toxic soils, which in Africa have
been chiefly studied in the Zambezian Region, has been
reviewed by Wild (1978). The distinctive soils of mopane
woodland and other types of Zambezian vegetation are
discussed in Chapter II.

Savory (1963) has shown that the distribution and
height of the dominants of miombo woodland in
Zambia are closely correlated with effective soil depth.
Elsewhere, root systems have been studied by Huttel
(1969, 1975, lvory Coast), Okali et al. (1973, Ghana) and
Glover (1950-51, Somalia). Kerfoot (1963) has pub-
lished a short review.

Experiments (Grant, n.d.) have shown that the very
acid infertile Kalahari sands of Zimbabwe are deficient
in boron and sulphur. Some soils in the Cape Region are
also deficient in trace elements and even indigenous
species show symptoms of nutritional imbalance
(Schiitte, 1960). There is evidence that sclerophylly is
sometimes associated with nutrient deficiency, especially
of phosphorus (Loveless, 1961, 1962; Beadle, 1966,
1968; Grubb & Tanner, 1976; Grubb, 1977), but little
information is available from Africa.

The effects on soil of shifting cultivation have been
described by Nye & Greenland (1960) and Vine (1968).
The former publication remains the most important
work in English on soil fertility in the tropics. Nitrogen
supply in the forests and savannas of West Africa has
been studied by de Rham (1974). Milne & Calton (1944)
discuss the effect of clearing vegetation on soil salinity in
a semi-arid part of Tanzania. The influence of annual
burning on soil structure and fertility is dealt with by
Moore (1960, derived savanna zone, Nigeria) and
Trapnell et al. (1976, Zambia).

Soil factors affecting the distribution of vegetation
types and their utilization by wild mammals in East
Africa are described by Anderson & Talbot (1965,
Serengeti Plains) and Anderson & Herlocker (1973,
Ngorongoro crater).

Some leguminous trees are believed to increase soil
fertility. In the Sudan, according to Radwanski and
Wickens (1967), the yields of sorghum and other crops
planted under Acacia albida are considerably greater
than elsewhere. The pod and leaf-fall and perhaps the
dung and urine of cattle which eat the pods and seek the
shade of the trees increase the supply of nutrients and
improve the physical condition of the soil. Dancette
& Poulain (1968) describe a similar study of Acacia
albida in Senegal.



4 Animals

As explained in the general Introduction, the aim of this
book is primarily descriptive, namely to provide a clas-
sificatory framework within which more detailed and
localized studies, both of plants and animals, can be
conducted and compared. The classification, however, is
based on plants alone. In this context animals have been
deliberately left out. This is because their habitats are
too imperfectly correlated with vegetation types to
provide useful diagnostic features. Their ranges either
greatly transgress the boundaries of vegetation types or,
alternatively, when they are confined to an individual
type, they usually occupy only part of it.

Theoretical concepts such as the biocoenose, which
attach equal importance to animals and plants, are
useful, indeed essential, for the understanding of vegeta-
tion, but they are of little classificatory value.

The interpretation of vegetation is another matter.
Until about twenty years ago, the importance of the
interaction of plants and animals in shaping African
vegetation had, with few exceptions, been gravely
neglected by botanists and zoologists alike. Recently,
however, there has been much activity in this field, espe-
cially by zoologists, but progress has been patchy, with
most effort concentrated on large mammals, chiefly in
East Africa.

Detailed consideration of the effects of animals on
vegetation lies outside the terms of reference of this
book, even if sufficient information for a general syn-
thesis were available, which is not the case. Nevertheless,
where animals greatly influence vegetation this is briefly
mentioned in the text.

In an attempt to compensate for the omission just
mentioned, this chapter on ‘Animals’ is mainly intended
to introduce botanists to zoological literature of botan-
ical interest. It is meant to be no more than an entrée to
the subject, not a complete review.

General works are few, but Cloudsley-Thompson
(1969) and Owen (1976) have respectively written intro-
ductions to the zoology and animal ecology of tropical
Africa. Curry-Lindahl (1968) deals with zoological
aspects of the conservation of vegetation in tropical
Africa. Petersen & Casebeer (1971) have compiled a
bibliography relating to the ecology of East African
large mammals.

Most other general works are devoted to single
taxonomic groups of animals, especially mammals, more
rarely birds. The books by Delany & Happold (1978) on

mammals, by Leuthold (1977) on ungulates, and by
Moreau (1966) on the birds of Africa include much of
interest to the botanist, as does Kingdon’s (1971-77)
encyclopaedic work on East African mammals. Bigalke’s
treatment (1978) of the biogeography and ecology of the
mammals of southern Africa is particularly valuable for
its references to the literature, as is the review by
Bourliére & Hadley (1970) of the ecology of tropical
savannas. On a more local scale, Rosevear’s (1953)
check-list provides much information on the distribution
of Nigerian mammals in relation to vegetation. Bourliére
& Verschuren (1960) have published a monograph on
the ecology of ungulates in the Albert National Park.

Most of the publications mentioned below deal with
a single animal species or a few related species. Relat-
ively few deal with animal communities in relation to
plant communities. Important works among the latter
are those by:

— Chapin (1932,1939) on the birds of Zaire.

— Moreau (1935a) on the birds of the Usambara Mts,
Tanzania.

— Fraser Darling (1960) on the ecology of the Mara Plains in
Kenya.

— Lamprey (1963, 1964) on ecological separation and
population dynamics of the large mammal species in the
Tarangire Game Reserve, Tanzania.

— Coe (1967) on the vertebrate fauna of the Afroalpine zone
in Kenya.

— Anderson & Herlocker (1973) on soil factors which affect
the distribution of vegetation types and the animals which
use them in Ngorongoro Crater, Tanzania.

— Sinclair & Norton-Griffiths (1979) on the dynamics of the
Serengeti ecosystem in Tanzania.

Acocks (1979) has attempted a reconstruction of the
vegetation of the whole of the drier half of South Africa
in relation to its indigenous fauna, as it was before the
advent of the European.

In recent years much work has been done on the
larger mammals, chiefly in relation to their feeding
behaviour, population dynamics and influence on
vegetation in national parks and game reserves. The
pioneer publications of Eggeling (1939), Mitchell
(1961a), Walter (1961) and Cornet d’Elzius (1964),
which emphasized the potentially far-reaching effects of
game animals on vegetation, have been followed by
numerous detailed studies of several animal species, and
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by monographic treatments of the elephant (Wing
& Buss, 1970; Laws et al., 1975) and the buffalo
(Sinclair, 1977).

Many publications deal with the feeding ecology of
herbivores, for example:

— baboon (Lock, 19726).

— black rhinoceros (Goddard, 1968, 1970).

— buffalo (Vesey-FitzGerald, 1969, 1974a; Leuthold, 1972,
Sinclair & Gwynne, 1972; Grimsdell & Field, 1976).

— buffalo, hippopotamus, Uganda kob, topi, warthog, and
waterbuck (Field, 1972).

— Chanler’s mountain reedbuck (Irby, 1977).

— duiker (Wilson & Clarke, 1962; Wilson, 1966).

— elephant (Napier Bax & Sheldrick, 1963; Field & Ross,
1976).

— fringe-eared oryx (Root, 1972).

— gerenuk (Leuthold, 1970).

— giraffe (Innis, 1958; Foster, 1966; Foster & Dagg, 1972;
Leuthold & Leuthold, 1972; Field & Ross, 1976).

— greater kudu (Wilson, 1965).

— hares (Lepus capensis, L. crawshayi, Pronolagus crassi-
caudatus, Stewart, 1971a-c).

— hippopotamus (Field, 1970; Lock, 1972a).

— impala (Stewart, 197 1d; Rodgers, 1976).

— lechwe (Vesey-FitzGerald, 19656).

— lesser kudu (Leuthold, 1971).

— primates generally (Clutton-Brock, 1977, ed.).

— rock hyrax (Sale, 1965).

— rock hyrax and tree hyrax (Turner & Watson, 1965).

— sitatunga (R. Owen, 1970).

— waterbuck (Kiley, 1966).

— wildebeest (Talbot & Talbot, 1963).

— wildebeest and zebra (Owaga, 1975).

— wildebeest, zebra, and hartebeest (Casebeer & Kaoss,
1970).

— wildebeest, Thomson’s gazelle, Grant’s gazelle, topi, and
impala (Talbot & Talbot, 1962).

— various ungulates (Pienaar, 1963; Gwynne & Bell, 1968;
Stewart & Stewart, 1971; Pratt & Gwynne, 1977).

The grazing succession throughout the year of the eight
commonest large herbivores in the Rukwa Valley,
Tanzania, namely elephant, buffalo, hippopotamus,
puku, topi, zebra, bohor reedbuck and eland, has been
described by Vesey-FitzGerald (1960, 1965a), who has
also (19736, 1973c) studied browse production and
utilization in Tarangire and Lake Manyara National
Parks. His surveys indicated that at the time of the study
the animals, principally elephant, rhinoceros and giraffe,
were utilizing only half of the browse available.

Where large mammals, especially the elephant, have
been protected in recent years, they have often shown a
dramatic increase in numbers, sometimes accompanied
by wholesale destruction of vegetation with concomitant
landscape change (see page 114). The extent to which
such population changes can be regarded as ‘natural’
and the desirability of exerting artificial control are
still matters of controversy and have given rise to an
extensive literature.

Publications which discuss large mammals as agents
of habitat and landscape change include those by:

— Agnew (1968, Tsavo National Park (East), Kenya).

— Buechner & Dawkins (1961, elephant, Murchison Falls
National Park, Uganda).

— Douglas-Hamilton (1973, elephant, Lake Manyara,
Tanzania).

— Glover (1963, elephant, Tsavo).

— Glover & Wateridge (1968, cattle and wild ungulates as a
cause of terrace erosion).

— Harrington & Ross (1974, elephant, Kidepo Valley
National Park, Uganda).

— Kortlandt (1976, elephant, Tsavo).

— Lamprey et al. (1967, elephant, Serengeti National Park,
Tanzania).

— Laws (1970a, 19706, elephant, East Africa).

— Penzhom et al. (1974, elephant, Addo Elephant National
Park, Eastern Cape Province, South Africa).

— Thomson (1975, elephant in Brachystegia boehmii
woodland, Chizarira Game Reserve, Zimbabwe).

— Van Wyk & Fairall (1969, elephant, Kruger National Park,
Transvaal).

— Watson & Bell (1969, elephant, Serengeti).

In an attempt to understand the long-term implications
of the recent impact of large mammals on the vegetation
of reserves, several studies of the movement, habitat
utilization, biomass, density, mortality, age structure
and population dynamics, again especially of the eleph-
ant, have been made, including those by:

— Bourliére (1965, ungulates generally).

— Coe et al. (1976, large African herbivores).

— Corfield (1973, elephant).

— Lamprey (1964, large mammals generally).

— Leuthold (1976, elephant).

— Leuthold & Leuthold (1976, ungulates generally).
— Leuthold & Sale (1973, elephant).

— Olivier & Laurie (1974, hippopotamus).

— Sinclair (1974, buffalo).

— Western & Sindiyo (1972, black rhinoceros).

Not all degradation in reserves is brought about by large
mammals, and in some cases their influence is indirect.

That fire is often involved in the destruction of
vegetation cannot be denied, though its influence varies
locally, and interactions between fire and elephants
deserve further study. According to Verdcourt (in litt. 18
December 1978) elephants in Kenya have sometimes
been blamed for the extensive depredations of charcoal-
burners.

Even in areas such as the Akagera National Park in
Rwanda, where elephants are virtually unknown today,
a high proportion of trees are felled by wind or damaged
by lightning, and so simulate elephant damage (Spinage
& Guiness, 1971).

In areas of low rainfall (c. 350-400 mm per year),
especially in basins of closed drainage, elephants might
play a catalytic rather than a primary role in the decline
of woody vegetation (Western & Van Praet, 1973). Thus,
for the Amboseli Game Reserve in Kenya, Western
& Van Praet cite evidence which indicates that cyclical
climatic change is responsible for a cyclical alternation
of Acacia xanthophloea woodland and treeless halo-
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phytic communities dominated by Suaeda monoica. Dur-
ing the wet phase of the cycle the water-table rises by as
much as 3.5 m, and the capillary fringe introduces a high
level of soluble salts into the rooting horizon of the
Acacia xanthophloea trees, which ultimately die and fail
to regenerate. Elephants merely hasten death brought on
by other causes.

Notwithstanding the fact that trees are destroyed by
fire, charcoal-burners, wind, lightning and changes in
soil salinity, much degradation must be attributed to
elephants and other large mammals. It was formerly
assumed that elephant/forest systems possess a stable
equilibrium point, and that rapid decline of vegetation
only occurs when this equilibrium is displaced by man,
leading to local high densities of elephants.

Caughley (1976) has proposed an alternative hypo-
thesis. He believes that the relationship is a stable limit
cycle in which elephants increase while thinning the
forest, and then decline until they reach a density low
enough to allow resurgence of the forest. His hypothesis
is incomplete since he does not mention the possible
effects of cyclical climatic change on the elephant/
vegetation cycle nor does he consider the relative impor-
tance of decline in elephant numbers due to natural
catastrophic mortality and migration. He does, however,
discuss modifications brought about by man. Caughley’s
evidence comes from the Zambezi Valley in Zambia,
where the uneven distribution of age classes of elephant-
damaged baobab (Adansonia digitata), and mopane
(Colophospermum mopane) trees, suggests a cycle of the
order of 200 years.

A cyclical relationship between animal numbers and
vegetation, but in this case controlled by rainfall, has
also been postulated by Phillipson (1975), who related
elephant mortality in Tsavo National Park (East) in
Kenya to estimated primary production. He concluded
that ‘carrying capacity’ declines markedly approximately
once every 10 years for large mammals other than
elephant, and only once every 43-50 years is there a
change sufficiently marked to result in a crash in
elephant numbers. There is no single level of population
at which a steady state is possible.

Nearly all the literature on elephant ecology refers to
East and southern Africa. Little has been published on
the Guineo-Congolian Region, but elephants are known
to retard succession of vegetation at places where they
bathe and drink. In Zaire, for instance, the vegetation
near elephant baths dominated by Rhynchospora
corymbosa might represent an elephant-maintained
subclimax (Léonard, 1951).

The possibility of domesticating wild mammals for
meat production is discussed by Dasmann (1964) and
Parker & Graham (1971). Despite promising beginnings
game ranching in most places has failed as an eco-
nomically viable agricultural practice. Alternative ways
of cropping wild herbivores are considered by Pratt

& Gwynne (1977) for East Africa and by Huntley (1978)
for southern Africa.

Notwithstanding the considerable importance of
fruit and seed dispersal by birds and mammals the sub-
ject has been little studied. The few publications include
those by:

— Burtt (1929, 28 plant species by 9 mammal and 4 bird
species).

— Clutton-Brock (ed., 1977, primates).

— Gwynne (1969, cada by ungulates).

— Hladik & Hladik (1967, primates, Gabon).

— Jenik & Hall (1969, Detarium microcarpum by elephants).

— Kingdon (1971-77, mammals generally).

— Lamprey (1967, Acacia by ungulates; Commiphora by
birds, baboons, and monkeys).

— Lamprey et al. (1974, Acacia tortilis by elephant, impala,
dikdik, and Thomson’s gazelle).

— Leistner (19616, Acacia erioloba by elephant, giraffe, black
rhinoceros, gemsbok, and eland).

— Phillips (19266, forest trees in the Knysna region, Cape
Province, South Africa by wild pig).

— Van der Pijl (1957, bats generally).

— Wilson & Clarke (1962, Pseudolachnostylis maprouneifolia
by the common duiker).

The effects on vegetation brought about by some groups
of insect are no less important than those of mammals,
both directly (locusts; armyworm, Edroma, 1977) and
indirectly through soil formation (termites), or through
population control of mammals including man (tsetse
fly). For each group there is an extensive specialized
literature. Only a few of the more general works can be
mentioned here.

The habitats of the Desert Locust are described by
Guichard (1955) and by Hemming & Symmons (1969)
and those of the Red Locust by Backlund (1956), Vesey-
FitzGerald (1955a, 1964) and Rainey et al. (1957).

The interrelationships of vegetation and termites
have been described by Murray (1938) for South Africa,
by Wild (1952a, 1975) for Zimbabwe, by Fries (1921)
and Fanshawe (1968) for Zambia, and by Malaisse
(1976a) for Zaire (Upper Shaba). The last author
(Malaisse, 19786) has also published a well-documented
review of the termite mound as an ecosystem for the
whole of southern Africa. References to the soil-forming
activity of termites are given in Chapter 3.

Important publications on the tsetse fly include
those of Goodier (1968), Nash (1969), Ford (1971) and
Ormerod (1976).

Despite a recent renewed interest in symbiotic
relationships between ants and plants few publications
deal with Africa. The association between ants and
gall Acacias has been studied by Brown (1960),
Monod & Schmitt (1968), Hocking (1970, 1975), and
Foster & Dagg (1972). The protection of the rain-forest
tree Barteriafistulosa by Pachysima ants is described by
Janzen (1972).
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Fire

The effects of fire on vegetation are often referred to
in publications mainly concerned with other matters.
Those mentioned below deal exclusively or principally
with the subject, mostly with fires started deliberately or
accidentally by man, but Komarek (1964, 1972) reviews
the occurrence of fires caused by lightning.

It is generally agreed that frequent uncontrolled fires
are harmful both to vegetation and soil, and that for
some purposes controlled burning is beneficial. Some
controversy, however, still surrounds the precise regime
to be followed, and the long-term effects are often
uncertain. In this account no attempt is made to resolve
these problems. The principal literature is merely re-
ferred to. Other references and information are given in
Part Three in relation to individual vegetation types.

General works dealing with the ecological effects of
fire and its use in land management include those by
Humbert (1938), Bartlett (1956), Ahlgren (1960), West
(1965), Daubenmire (1968), and Glover (1968, 1972),
and for Africa only, Guilloteau (1957) and Phillips
(1965, 1968, 1972, 1974). West Africa is covered by
Scaétta (1941), Viguier (1946), Pitot (1953) and Rose
Innés (1972), southern Central and eastern Africa by
Van Rensburg (1972), and the Mediterranean Region by
Naveh(1974).

The role of fire in individual territories has been
described by Lamotte (19756) and Monnier (1968) for
the lvory Coast, by Hopkins (1963, 1965t2) for Nigeria,
by Robyns (1938) for Zaire, by Spinage & Guiness
(1972) for Rwanda, by Masefield (1948), Ross (1968,
1969), Spence & Angus (1971), Wheather (1972), Har-
rington (1974), and Harrington & Ross (1974) for
Uganda, by Edwards (1942), Thomas & Pratt (1967),
and Olindo (1972) for Kenya, by Vesey-FitzGerald
(1972) for Tanzania, by Lemon (1968) and Chapman
and White (1970, p. 31-4) for Malawi, by Austen
(1972), Kennan (1972) and West (1972) for Zimbabwe,
by Brynard (1964) and Van Wyk (1972) for the Kruger
National Park, Transvaal, by Nanni (1969) and Scott
(1972) for Natal, by Micheli (1922), Martin (1966), and
Trollope (1972, 1974) for the Cape Province, and by
Humbert (19276) and Morat (1973) for Madagascar.

Several publications describe the effects on vegeta-
tion of controlled burning policies carried out for a

number of years. One of the first was Swynnerton’s
(1917) account of the encroachment of secondary grass-
land by forest precursor species following 15 years of
complete fire protection in Rhodesia (now Zimbabwe).
At about this time an experimental study of the effects
of controlled burning on vegetation near Pretoria was
initiated by E. P. Phillips (Scott, 1972) but was not
continued. The results of similar long-term experiments
carried out at Frankenwald near Johannesburg are
described by Glover & Van Rensburg (1938) and
Davidson (1964). An account of burning experiments
started in 1927 in secondary upland grassland in the
Southern Highlands of Tanzania is given by Van
Rensburg (1952).

A short-term experiment described by Levyns (1927)
suggests that at least locally in Cape “fynbos’ fire favours
the Rhenosterbos, Elytropappus rhinocerotis. More
recent experiments in this type of vegetation are briefly
referred to by Taylor (1978).

Our understanding of the nature of climax and fire-
induced vegetation in the Zambezian Region has been
enhanced by the fire-control experiments described by
Schmitz (19526), and particularly by Trapnell (1959;
Trapnell et al., 1976).

The effects of different types of burning treatment
on secondary wooded grassland occupying rain-forest
sites in Nigeria have been described for Olokemeji
Forest Reserve near Ibadan by MacGregor (1937) and
Charter & Keay (1960), and for Anara Forest Reserve
near Onitsha by Onochie (1961). The results of similar
experiments in northern Ghana have been reported by
Ramsay & Rose Innés (1963). Adam & Jaeger (1976)
have shown that certain grasses, e.g. Hyparrhenia sub-
plumosa and Rhytachne rottboellioides, do not flower in
the absence of fire. The seed of Themeda triandra is
buried by hygroscopic movements of the awn to a depth
of 1 cm, where it is protected from the heat of fires
(Lock & Milburn, 1971).

Land use

General works on land use and conservation relevant to
Africa include those by Talbot (1964), and Bourliére
& Hadley (1970) on tropical savannas, and by Whyte
(1974) on tropical grazing lands. The effect of shifting
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cultivation on soil fertility is reviewed by Nye & Green-
land (1960). The World Atlas of Agriculture (Anon, 1976)
is a useful work of reference. A review on the use and
misuse of shrubs and trees as fodder (United Kingdom,
Imperial Agricultural Bureaux, 1947) deals compre-
hensively with Africa.

The Unesco-UNEP-FAO state-of-knowledge report
on tropical grazing land ecosystems published by
Unesco (1979) contains detailed case histories of Lamto
(lvory Coast) by Lamotte, and of the Serengeti region
(Tanzania) by Lamprey, as well as a more general survey
of mid-west Madagascar by Granier.

Among publications exclusively concerned with
Africa are studies by Allan (1965) on the African hus-
bandman, and on soil resources and land use (1968),
and by Phillips (1959) on agriculture in relation to ecol-
ogy. The agricultural ecology of the savanna regions of
West Africa is dealt with by Kowal & Kassam (1978).
The extensive literature on primary production ecol-
ogy in southern Africa is summarized by Rutherwood
(1978).

Harroy (1949) and De Vos (1975) broadly review for
the whole continent man’s harmful effects on vegetation
and soil. Aubréville (19470, 1949a, 1949ft, 1971) has
written extensively on the consequences of the destruc-
tion of vegetation. The regression of the forest boundary
in the Ivory Coast has been described by Lanly (1969).
Halwagy (1962a, 1962ft) deals with the consequences of
overgrazing in the northern Sudan. In a remarkable
study, Shantz & Turner (1958) provide photographic
evidence from thirty widely scattered localities in Africa
of vegetational change over a third of a century. The
precise interpretation of some photographs is difficult
because of a lack of documentation but the overall
impression is that in many places there has been less
degradation than might have been expected. For the
drier parts of South Africa, Acocks (1979) has emphas-
ized the severe degradation of soils and vegetation
following the advent of the European.

Various specialized aspects of land use are dealt with
individually below. In addition, for many countries,
there are more general accounts which to varying
degrees attempt to relate land use in general to natural
vegetation. They include works by Knapp (1968ft) on
Tunisia, by Wills (1962, ed.) on Ghana, by Bawden
& Tuley (1966) on Nigeria, by Hawkins & Brunt (1965)
on Cameroun, by Gillet (1962ft, 1963, 1964) on Chad, by
Tothill (1948, ed.) on the Sudan Republic and Uganda
(1940, ed.), by Langdale-Brown et al. (1964) on Uganda,
by Malaisse (1978a) on the miombo ecosystem, by
Boaler & Sciwale (1966) on Tanzania, by G. Jackson
(1954) on Malawi, by Trapnell & Clothier (1937),
Trapnell (1953), Van Rensburg (1968), Astle et al.
(1969), and Verboom & Brunt (1970) on Zambia, by
Vincent & Thomas (1961) on Zimbabwe, by Diniz
(1973) on Angola, by Bawden & Stobbs (1963), Blair
Rains & McKay (1968) and Blair Rains & Yalala (1972)
on Botswana, by Staples & Hudson (1938) and Bawden
& Carroll (1968) on Lesotho, and by Pentz (1945) and

D. Edwards (1967) on Natal. Two anonymous publica-
tions (Huntings Technical Services, 1964; Jonglei
Investigation Team, 1954) include important infor-
mation on the Sudan Republic.

There are many publications on the African range-
lands which are defined as ‘land carrying natural or
semi-natural vegetation which provides habitats suitable
for herds of wild or domestic ungulates’ (Pratt,
Greenway & Gwynne, 1966).

The comprehensive review of the rangelands of East
Africa by Pratt & Gwynne (1977) is also relevant else-
where in Africa. Other general works include the Unesco
volumes on arid-zone research, especially volume VI
(Unesco, 1955), papers by Grove (1977) and Rainey
(1977) and a book on pastoralism in Africa edited by
Monod (1975).

Regional and local studies have been published on
the rangelands of the Mediterranean Region by
Tomaselli (1976), of East Africa by Heady (1960, 1966)
and Woodhead (1970), of South and East Africa by
Phillips (1956), of southern Africa by Shaw (1875),
Acocks (1964) and Pereira (1977), of the Syrte region of
the Libyan Arab Jamahiriya by Négre (1974), and of the
Sidi Barani region of Egypt by Migahid et al. (1975). The
Sahel zone has an extensive literature including a large
number of publications from the Institut d’Elevage et de
Médecine Vétérinaire des Pays Tropicaux, which are
listed by J.-P. Lebrun (1971a). Other publications deal-
ing with the Sahel, many of which describe the effects of
drought and overgrazing, include those by Mourgues
(1950), Boudet & Duverger (1961), Halwagy (1962a,
1962ft), Gillet (1967), Depierre & Gillet (1971), Boudet
(1972) and Wade (1974).

Studies made in individual countries have been pub-
lished by Long (1955, Egypt), Batanouny & Zaki (1973,
Egypt), Gillet (1960, 1961a, 1961c, Chad), Dawkins
(1954, Uganda), Kelly & Walker (1976, Zimbabwe),
Walter & Volk (1954, Namibia) and Volk (1966a,
Namibia).

Overgrazing in rangelands sometimes results in an
undesirable thickening of the woody plants. This is
discussed by Walter (1954), West (1958), Volk (1966a),
Lawton (1967ft) and Thomas & Pratt (1967).

Secondary grasslands which are used for grazing but
occur under wetter climates than those of rangelands are
described by Scaétta (1936, high mountains of East
Africa), Trochain & Koechlin (1958, Gabon, Congo),
Malato Beliz & Alves Pereira (1965, Guinea-Bissau),
Tuley (1966, Obudu Plateau, Nigeria) and Myre (1971,
southern Mozambique).

The effect of cultivation on the evolution of land-
scape in West Africa is described by Portéres (1957),
Clayton (1963), and Miége et al. (1966). The origin of
‘derived savanna’ is discussed by Keay (1959ft) and
Clayton (1961).

Jackson & Shawki (1950) deal with shifting cultiva-
tion in the Sudan.

The hydrological consequences of changes in land
use in East Africa are described by Pereira (1962, ed.).
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Wicht (1971) describes the influence of South African
montane vegetation on water supplies.

A publication by Wild (1961) deals with harmful
aquatic plants in Africa and Madagascar.

Jordan (1964) stresses the importance of a sound
knowledge of the natural vegetation and its relation to
soil in the successful reclamation of mangrove for rice-
growing.

There are few parts of Africa where wild plants are
still a principal source of nutrition, but this is true for
some tribes of Bushmen whose feeding habits are de-
scribed by Story (1958), Lee (1966), Heinz & Maguire
(1974), and Maguire (1978, g.v. for other references). In
some countries rain-forest trees play an important part
in the diet of the local people. Okafor (1977) reviews
attempts to improve fruit production by selection and
propagation in Nigeria.

There is a voluminous literature on forestry practice
in relation to the natural environment but there are few
regional syntheses. An important exception is Boudy’s
encyclopaedic work on North Africa (1948, 1950).
Afforestation in the Sahel and the Maghreb is described
by Fishwick (1970) and Métro (1970) respectively.
Martin’s (1940) account of forestry in Barotseland in
relation to the agricultural practices and the needs for
timber of the local people is an important example of an
imaginative approach which has been too rarely fol-
lowed. Leggat (1965) suggests solutions to the conflict-
ing needs of forestry and game preservation in Uganda.

Conservation

Following the publicity given to the need to conserve
wild life by Huxley (1958), Darling (1960), Worthington
(1961) and others, many game reserves have been estab-
lished, though sometimes, apparently, with unfortunate
consequences for the vegetation (Chapter 4). There has
been less deliberate effort to safeguard vegetation, and
many plant species and even whole ecosystems are at
risk. The symposium volume edited by I. & O. Hedberg
(1968) includes summaries of the conservation status of
the vegetation in all African countries south of the
Sahara, and remains an important working document.
More recently, Huntley (1978) has reviewed the situ-
ation for southern Africa, and Rodgers and Homewood
(1979) have published carefully prepared and realistic
proposals for the conservation of the floristically and
faunistically rich communities of the East Usambara
Mts in Tanzania.

Detailed information on sixty-four species of vas-
cular plants which occur on the African mainland and
its offshore islands and are believed to be in danger of
extinction is given in the IUCN Red Data Book (Lucas
& Synge, 1978). This work deals with a world-wide
sample of 250 species out of an estimated total of
20000-25000 endangered species. They were selected,
not only because they themselves are at risk, but also to
emphasize the growing and continuing threats to the
ecosystems to which they belong.



Part Two Regional framework,
classification
and mapping units



Introduction

One hundred cartographic units are shown on the map,
eighty by numbers, the remainder by letters.

The classification used is primarily physiognomic.
However, partly for reasons of scale, but also because of
the inherent complexity of the vegetation itself, nearly
all the units include more than one major physiognomic
type. Their relationships with neighbouring units are
also complex, and their vegetation has usually, though to
differing degrees, been severely degraded by man.

For these reasons, if the vegetation of each unit were
to be described separately without any regional grouping
there would be much repetition or much would have to
be left out. It was therefore decided to arrange the
legend of the map in the traditional manner by grouping
the units according to the physiognomy of their most
extensive or characteristic types, but to group them in
the text according to the floristic regions (phytochoria)
in which they occur. This permits easy comparison of
the broad features with those shown on vegetation maps
from other continents, while also doing full justice to the

complexity of the situation in Africa. There are thus two
interconnected classifications which can be used inde-
pendently. Care has been taken to see that they are
adequately cross-referenced.

The interrelations between vegetation types and
floristic regions are discussed in Chapter 6. The mapping
units are listed in Table 4 with cross-references to the
phytochoria under which they are described, together
with other relevant information. The main vegetation
types are defined in Chapter 7, with some comments on
their distribution and criteria for their subdivision.

The boundaries of the phytochoria are shown in
Figure 4 (see overleaf) and by thick Unes on the
vegetation map. For reasons discussed elsewhere (White,
1979), within fairly narrow limits the boundaries of
phytochoria can be somewhat elastic, especially of
transition zones. The precise position of those shown on
the map has sometimes been determined by cartographic
convenience.
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F1G. 4. Main phytochoria of Africa and Madagascar

I. Guineo-Congolian regional centre of endemism. Il. Zambezian regional centre of endemism. Ill. Sudanian regional centre of
endemism. IV. Somalia-Masai regional centre of endemism. V. Cape regional centre of endemism. VI. Karoo-Namib regional centre
of endemism. VII. Mediterranean regional centre of endemism. Vili. Afromontane archipelago-like regional centre of endemism,
including IX, Afroalpine archipelago-like region of extreme floristic impoverishment (not shown separately). X. Guinea-
Congolia/Zambezia regional transition zone. XI. Guinea-Congolia/Sudania regional transition zone. XII. Lake Victoria regional
mosaic. XIII. Zanzibar-Inhambane regional mosaic. XIV. Kalahari-Highveld regional transition zone. XV. Tongaland-Pondoland
regional mosaic. XV1. Sahel regional transition zone. XVII. Sahara regional transition zone. XVIIl. Mediterranean/Sahara regional
transition zone. X1X. East Malagasy regional centre of endemism. XX. West Malagasy regional centre of endemism
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Introduction

The approach to classification described below has
developed with little reference to other parts of the
world. Africa is the second largest land mass and has a
more diversified flora than any equivalent area, though
it is not necessarily the richest in species. Its vegetation
has also been described in greater detail than that of
other parts of the tropics. It has not been possible to
classify African vegetation according to such proposed
world-wide systems as those of Fosberg (1961), IUCN
(1973), and Unesco (1973). This is partly because the
units used in these classifications are too briefly defined
or are not defined at all and so cannot be recognized,
and partly because comparative studies involving Africa
and other continents are still too few. The remark made
long ago by Richards, Tansley & Watt (1939, 1940) in
discussing Burtt Davy’s (1938) classification of tropical
woody vegetation, namely that existing knowledge is
inadequate for the construction of a world-wide natural
classification, still remains true.

Main physiognomic types

Vegetation is usually classified on physiognomy but
there is wide disagreement concerning the characters to
be used (for historical discussion see Du Rietz, 1931),
and the extent to which physiognomy should be com-
bined with floristics, environment, and a regional
approach (Kuchler, 1951).

Physiognomy covers all aspects of the structure of
vegetation, but most classifications rely heavily on a few
characters such as height, density, thorniness, deci-
duousness, etc. Comparisons of the vegetation of dif-
ferent regions have all too often in the past been based
exclusively on Raunkiaer’s system of life-form classes
which gives undue prominence to a single character,
position of the perennating organs. Although useful for
some purposes of superficial comparison, such practice
is liable to separate like from like and to bring together
things which in many respects are different. This is
emphasized by Bocher (1977) who points out that the
highest categories in the life-form hierarchy, such as
trees, have so few characters in common that it is useless
to consider them as biological types.



40 Regionalframework, classification and mapping units

As long ago as 1913 Drude (for discussion and
references see Du Rietz, 1931) rejected Raunkiaer’s one-
sided emphasis on epharmonic characters believed to be
of biological importance. He advocated the use of a
wider range of morphological features in the description
and classification of vegetation, and suggested that the
aim of such studies should be an understanding of the
phylogenetic diversification of vegetation. Subsequent
progress along these Unes has been spasmodic, but some
recent studies are revealing an unsuspected structural
complexity of tropical and subtropical vegetation. The
relationships between plant structure and the environ-
ment are also proving to be much more complicated
than was previously supposed. It is on the extension of
such studies that an improved physiognomic classifi-
cation will ultimately depend. For Africa, as indeed for
the tropics generally, much remains to be done.

Our knowledge of the structure and physiognomy of
tropical rain forest is based largely on the methods of
analysis and description developed by Richards (Davis
& Richards, 1933, 1943; Richards, 1952). More recently,
Hallé & Oldeman (1970, 1975; Oldeman, 1974; Hallé,
Oldeman & Tomlinson, 1978) have brought a new
approach to the study of the architecture and growth of
tropical trees which Cremers (1973) has extended to
lianes. In a series of papers, Descoings (1971-78) has
advocated a more rigorous approach to the classification
of African grasslands, but his growth forms are based on
only a few characters, so that such structurally and
ecologically dissimilar species as the Sudano-Zambezian
Loudetia simplex and the Mediterranean Stipa
tenacissima are brought unnaturally together.

Aspects of the origin and adaptive significance of
growth forms are discussed by Bews (1925) for South
Africa, by Burtt Davy (1922) and White (1976</) for the
geoxylic suffrutex flora of south tropical Africa, by

Table 1. The main vegetation types of Africa

1 FORMATIONS OF
REGIONAL EXTENT:

2 FORMATIONS INTERMEDIATE
BETWEEN THOSE BELONGING

forest TO GROUP LAND MOSTLY OF
woodland RESTRICTED DISTRIBUTION:
bushland and thicket scrubforest

shrubland transition woodland
grassland scrub woodland
woodedgrassland These types are not normally
desert

recognized in major classifica-
tions, but they are important
for the following reasons. First,
they enable clearer and less

Afroalpine vegetation

These all occur
extensively in at least
one major phytogeo-
graphic region or
transition zone.

between regional formations.
Second, they facilitate the
description of transition zones
and complex mosaics, and, as
in the case of transition wood-
land, the interpretation of
vegetation dynamics.

arbitrary distinctions to be made

Meusel (1952) for certain Mediterranean genera, and by
Hedberg (1964) and Mabberley (1973) for Afroalpine
vegetation. Several important comparisons have been
made in recent years of the physiognomy and ecological
physiology of the vegetation of regions with a Medi-
terranean climate (see Cody & Mooney, 1978 for review
and references). The Mediterranean Region itself and
the Cape Region, however, have so far contributed less
to these studies than the other regions.

In the present work the classification aims to be as
simple, informal and non-hierarchical as is compatible
with the diversity of its subject-matter. Sixteen major
vegetation types are recognized at the highest rank. This
is more than is customary, but so large a number is
required if unnecessary nomenclatural complexity is to
be avoided. Major types such as forest in the past have
often been defined so broadly as to include both bam-
boo and, not merely mangrove forest, but open scrubby
communities of mangrove no more than 2 m tall. Such
conglomerations are too diverse to be useful and
inevitably give rise to unwieldy hierarchies.

For the sixteen main vegetation types the term
formation, in its widest sense, namely a kind of plant
community characterized by its physiognomy, seems
appropriate, although it is not in fact necessary to use it.
If formation is defined in this way it can serve as useful
and flexible a purpose as other general terms in botany
such as taxon, phytochorion and element.

The sixteen formations are very unequal in the size
of the areas they occupy and, to a lesser extent, in their
degree of physiognomic distinctness, but this feature
would remain regardless of the way in which they are
classified. This is one of the reasons for classifying them
informally. They fall into five main groups (Table 1) and
are discussed further and described in Chapter 7.

3 EDAPHIC 4 FORMATION 5 UNNATURAL
FORMATIONS OF DISTINCT VEGETATION:
OF DISTINCT PHYSIOGNOMY, anthropic
PHYSIOGNOMY: BUT RESTRICTED Iandscapes
mangrove DISTRIBUTION:
herbaceous bamboo

fresh-water
swamp and
aquatic
vegetation
halophytic
vegetation
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The need for a regional framework

In formal classifications when formations are grouped
into higher categories or are subdivided the selection of
characters is inevitably arbitrary since there are so many
to choose from and many of the facts are often not
available. Another drawback of complex classifications
is that several descriptive epithets are usually needed to
distinguish between the various units, and this both
burdens the memory and is an obstacle to verbal com-
munication.

These failings can be avoided if the regional variants
of the main formations are designated, not by a few
selected physiognomic features but by the phytogeo-
graphical areas in which they occur. For Africa at least,
the distribution of floras and of major physiognomic
types correspond sufficiently closely to make it possible.

In the past the classification of phytogeographical
areas or phytochoria has been as arbitrary and sub-
jective as that of vegetation, and there was no general
agreement on the criteria to be used. A new chorological
map of Africa has recently (White, 1976a, fig. 3) been
prepared, the pattern lines of which were first drawn on
an early unpublished draft of the Unesco/AETFAT/
UNSO vegetation map. They also appear on the
published version of the latter, which accompanies this
text, in most cases not as the boundaries between single
mapping units, but of groupings of related units. For
Africa eighteen major phytochoria are recognized and
for Madagascar two.

There is no a priori reason why the pattern lines
derived from a vegetation map should faithfully delin-
eate floristic regions. Nevertheless, subsequent floristic
analysis (Goldblatt, 1978; Moll & White, 1978; White
19766, 1976c, 1978a, 19786, 1978c, 1979; White
& Werger, 1978), based in part on a large number of
detailed published and unpublished distribution maps
of individual species, has confirmed the general validity
of the phytochoria, though, not unexpectedly, a few
minor emendations have been indicated.

It should be emphasized that the distributional data
which confirm the boundaries on the chorological map
were not used in the compilation of the vegetation map.
Most, in fact, were not then available.

This concordance of chorology and physiognomy is
doubly significant. It both helps to confirm the object-
ivity of the mapping units and provides an objective
means of designating and differentiating vegetation
types of broadly similar physiognomy which occur in
different floristic regions. It also can provide a ‘short-
hand’ reference to the entire physiognomy of a vegeta-
tion type, since the latter is determined by its entire
flora. Reference to sclerophyllous vegetation should
make this clear.

Since the time of Schimper (1898, 1903) the vegeta-
tion of the various widely separated regions with a
Mediterranean climate has been regarded as equivalent
both in physiognomy and ecology: ‘All districts agreeing

with the Mediterranean coast as regards the distribution
in time of the rainy and dry seasons repeat in their
vegetation essential oecological features of the Mediter-
ranean vegetation.” These regions ‘are the home of
evergreen xerophilous plants which, owing to the stiff-
ness of their thick leathery leaves, may be termed sclero-
phyllous woody plants’ (Schimper, 1903).

The term sclerophyll has been subsequently extended
to similar vegetation in non-Mediterranean climates,
such as parts of Australia (see Seddon, 1974) and on
high tropical mountains. The leaves of some plants on
the latter, however, have some distinctive anatomical
features and Grubb (1977) refers to them as ‘pachy-
phylls’. 1t would be foolish to deny the striking
similarities in leaf-form in the different regions with a
Mediterranean climate, but no less so to ignore the
important differences.

Cody & Mooney (1978), who have made an interest-
ing though limited comparison of the Mediterranean
ecosystems of the five main areas in which they occur,
found that the structure of the communities, the suc-
cessional relationships and the growth rhythms all differ
substantially among regions, with South Africa being the
most dissimilar.

In the Cape Region there is more summer rainfall
than elsewhere and the main growth period is not con-
fined to the spring but continues through the summer.
The Cape vegetation has a greater diversity of shrubby
forms, and is rich in bulbous plants, but poor in annuals
and vines. A more detailed comparison would doubtless
reveal other differences. Furthermore the successional
status of ‘Mediterranean’ shrubland is different in the
different areas. Thus, in the Cape Region ‘fynbos’
(Chapter V) nearly everywhere represents the climax.
True forest, other than some small areas of scrub forest,
only occurs as enclaves where summer rainfall or cloud
profoundly modifies the Mediterranean climate; floris-
tically it is of Afromontane affinity. By contrast, in the
Mediterranean basin evergreen forest dominated by
Mediterranean endemic species is the regional climax.

The ecological significance of sclerophylly has long
been and still remains a subject of controversy (for
recent reviews see Seddon, 1974; Grubb, 1977; Cody &
Mooney, 1978). There can be little doubt, however, that
in different places different combinations of environ-
mental factors are responsible.

From the above it is clear that sclerophyllous
shrubland in the different regions shows appreciable
differences in physiognomy, related in part to different
environmental conditions which are still imperfectly
understood. This poses considerable problems in classi-
fication. On the one hand, it is clearly inappropriate that
vegetation as different as that of the Mediterranean and
Cape Regions should go under the same name, e.g. the
‘Hard-leaved scrub bushes (macchia)’ of Schmithiisen
(in FAO-Unesco, 1977). On the other hand, in view of
our incomplete knowledge of the physiognomic dif-
ferences and particularly of their adaptive role, the
selection of discriminating epithets is difficult. However,
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if the sclerophyllous formations in the different floristic
regions are designated and distinguished by the names
of those regions, the arbitrary selection of imperfectly
understood characters can be avoided. This applies
equally to all other multiregional formations. Hence, the
name of the phytochorion can serve to embody and
provide a key to all the diagnostic features of its
vegetation types.

In the main text (Part Three) the descriptions of
individual vegetation types include as much physiog-
nomic information as was readily available, but
published data are often sparse. Sometimes | have had
to rely almost exclusively on my own field records.

An additional advantage of grouping the main
vegetation types under the regional phytochoria is that it
permits a more effective treatment of mosaics, continua
and transitions, and also of the dynamic relationships of
important regional types which have suffered degrad-
ation at the hands of man. This can be exemplified by
the Sudanian and Zambezian Regions, which have
broadly similar climates. In both regions, woodland,
broadly comparable in physiognomy and floristic com-
position, is the most widespread type of vegetation. The
Sudanian Region, however, belongs to ‘Low Africa’
(Chapter 1), whereas the Zambezian Region belongs to
‘High Africa’ and hence has a more diversified phy-
siography and climate. This