
Capítulo 7
Ao criar o mundo, mares, continentes
Deus só não criou a confusão urbana
Para fauna e flora, habitats diferentes

Manguezais, florestas, prados e savana.

Mamíferos migram na terra africana
Por longas distâncias conforme a estação

Libertos da fúria e da ação humana
Que em vez de equilíbrio traz devastação.
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Abstract
Africa has a wide range of vegetation types, from tropical moist forests to deserts. Savannas
cover about 40 % of the continent, and are home to most of the people. African savannas
form part of 10 major vegetation regions described in this chapter. Four factors dominate a
savanna structure and function: supply of water and nutrients are primary determinants,
which define and constrain the potential consequences of fire and herbivory. The savannas
have the highest density and growth rates of people. A wide range of timber, wood and non-
wood products are harvested from the savannas, for their own use and survival, for some
small, micro and medium size enterprises, and for a few big industries, mainly commercial
farming, timber concessions and tourism. In many areas sustainable resource use practicies
are lacking, and the resources are degrading due to population pressures. Conservation of
the African savannas has a reputation of being “parks on paper” but conservation requires
the implementation of sustainable usable solutions, considering the needs of people living
within the savannas. Some approaches towards regional and local multiple use, and
intergrated resource use planning through participatory resource management, are
discussed as a basis for sustainable agriculture, forestry and the conservation of nature for
the diverse use needs of different resource users.
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Introduction

The African vegetation occurs in many different forms, from tall, closed, multi-

layered tropical moist forests to open desert vegetation. According to Wikipedia (2008), a

savanna, or savannah, is a grassland ecosystem with widely scattered trees or shrubs,

with a relatively open canopy to allow sufficient light to reach the ground to support an

unbroken herbaceous layer consisting primarily of C4 grasses, and is characterised by

seasonal water availability, with the majority of its rainfall being confined to one season of

the year. There is no general consensus on the precise definition of savannas, but the

central concept of a tropical mixed tree-grass community is widely accepted (WHITE,

1983; SCHOLES; WALKER, 1993). They occupy the extensive areas between the tropical

moist forests and the mid-latitude deserts.

Scholes and Walker (1993) listed a number of clarifications around the concept of

African savannas:

• The ecology of savannas is neither that of forests nor grasslands but the strong and

complex interactions between the woody and herbaceous plants give this vegetation its

own characteristics. Ecological processes, such as primary production, hydrology and

nutrient cycling, are strongly influenced by both woody plants and grasses.

• Savannas have existed in Africa for at least 30 million years since the advent of hot

climates with marked seasonal rainfall, which made fire a frequent ecological factor. Fire

varies in frequency from annually in the wet savannas, to once every 10 or more years at

the dry extreme. If fire is excluded from savannas, the woody plant density and biomass

increase.

• Savannas are not merely arrested forests or a fire-sub-climax to some other vegetation

because fire is a regular event for the environment (like a dry season) and not considered

a natural catastrophe.

• Savannas are not transitional between grasslands and forests but a zone in a sequence

along the main increasing aridity gradient, from forest to woodland and from savanna to

desert shrubland (not grassland).

• Savannas are not an ecologically intermediate case between forests and grasslands -

they lack the tendency towards organic matter accumulation, and the microclimatic

amelioration typical of forests.
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• Treeless tropical grasslands cover relatively small areas and are associated with

characteristic substrate conditions, and there are sufficient ecological differences to

consider them different from tropical savannas, but the boundaries are not always clear.

• There are two broad classes of savanna in Africa, the broad-leafed savannas in nutrient-

poor high-rainfall areas, and fine-leafed savannas in nutrient-rich low-rainfall areas.

• Four factors dominate savanna structure and function: water supply and nutrient supply

as primary determinants, i.e. they define and constrain.

• The potential consequences of the other two factors, fire and herbivory.

In Africa the savannas occupy about 40 % of the land surface. They are home to

most of the population, and are the areas in which population growth is most rapid

(SCHOLES; WALKER, 1993).

The African vegetation that broadly fits the term ‘savanna’ appears in many

different forms, from closed woodlands (forest) to open woodlands to wooded grasslands,

to bushlands and thickets. The vegetation dynamics within this ‘savanna’, both naturally

and through human impact, create a dynamic relationship of the vegetation structure

within each mapped vegetation unit. In this paper the broad vegetation units where the

African savannas are present are described based on the vegetation map of Africa

(WHITE, 1983). It should be taken into consideration that the vegetation units with core

savanna areas have >80 % of the vegetation as savanna. The transition zones between

savannas and forests, and between savannas and arid shrublands, contain 20 % to 80 %

savanna by area (SCHOLES; WALKER, 1993). The vegetation units serve as basis to

discuss the use and conservation of the vegetation in the mapped units, and the general

natural disturbance and recovery processes of these vegetation units that underlie their

management for sustainable resource use.

Description of African Savannas

White (1983) prepared a vegetation map for Africa using a chorological system

based on the patterns of geographical distribution shown by entire floras. In the

description of specific parts of a chorological vegetation unit, structural descriptors for

physiognomic types were used (WHITE, 1983), such as:
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Forest: A continuous stand of trees !10 m tall, with their crowns interlocking.

Woodland: An open stand of trees ! 8 m tall with a canopy cover ! 40 %.  The field layer

is usually dominated by grasses.

Bushland: An open stand of bushes 3 - 7 m tall with a canopy of ! 40 %.  A bush is a
woody plant, usually multi-stemmed, intermediate in habit between a shrub and a tree.

Thicket: A closed stand of bushes and climbers, densely interlocked to form an
impenetrable community, usually 3 - 7 m tall.

Shrubland: An open or closed stand of shrubs ≤ 2 m tall.

Grassland:  Land covered with grasses and other herbs, either without woody plants or
the latter not covering more than 10 % of the ground.

Wooded grassland: Land covered with grasses and other herbs, with woody plants
covering between 10 % and 40 % of the ground.

Scrub forest: Intermediate between forest and bushland.

Transition woodland: Intermediate between forest and woodland.

Scrub woodland: Stunted woodland <8 m tall, or vegetation intermediate between
woodland and bushland.

In Africa, the distribution of flora and of the major physiognomic types correspond
close enough and 18 major phytogeographical areas (or phytochoria) were recognized
(WHITE, 1983). A phytochorion is based on the richness of its endemic flora at the species
level. Four types of phytochoria were recognized, but only two of these are important in

terms of the African savannas (Fig. 1):

Regional centres of endemism (a phytochorion with more than 50 % of its species
confined to it and a total of more than 1000 endemic species);

Regional transition zones and mosaics (if a transition zone is comparable in size to

the regional centres they are named and ranked). The relevant transition zones in terms of
African savannas have few endemic species and the majority of their species also occur
in the adjacent phytochoria.

The descriptions that follow are based on White (1983), unless otherwise

indicated.
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Fig. 1. The distribution of African Savannas (in color) around the Congo
Basin with tropical moist forests, in dark green.

The symbols indicate the following vegetation units (phytochoria): I = Guineo-
Congolian Regional Centre of Endemism (RCE); II = Zambezian RCE; III =
Sudanian RCE; IV = Somalia-Masai RCE; X = Guinea-Congolia / Zambezian
Regional Transition Zone (RTZ); XI = Guinea-Congolia / Sudanian RTZ; XII =
Lake Victoria Regional Mosaic (RM); XIII = Zanzibar-Inhambane RM; XIV =
Kalahari-Highveld Transition zone; XVI = Sahel RTZ.

Source: Adapted from White, 1983.
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Zambezian regional centre of endemism

The Zambezian Region (Fig. 1 Zone II) includes the whole of Zambia, Malawi and

Zimbabwe, large parts of Angola, Tanzania and Mozambique, as well as smaller parts of

the Democratic Republic of Congo, Namibia, Botswana and South Africa.  It is the second

largest phytochorion in Africa (after the Sahara) and the largest in southern Africa. The

largest part lies more than 900 m a.s.l. (above mean sea level), forming part of the Great

African Plateau. Most of the region is drained by the Zambezi River, with some northern

sections draining into the Congo River.

The total region falls within the tropical summer-rainfall zone with a single rainy

season (November - April) and two dry seasons, a cool season from May to August and

hot season from September to November. Mean annual rainfall varies from 500 mm in the

south to 1.400 mm in the northern parts, with pronounced regional variations. A severe,

6-month dry season occurs within the centre of the region. Mean annual temperatures

vary from 18 °C to 24 °C and relates more to altitude than latitude. Frost is widespread and

frequent.

The flora includes more than 8,500 species of which about 54 % are endemic.

About 24 % of the tree species also occur in the Sudanian Region. Some of these species,

more characteristic of higher rainfall areas, do not occur in the drier Somalia-Masai

Region, but others that are more drought tolerant have a continuous distribution through

the Somalia-Masai Region.

The flora is rich and diverse, and shows a wide range of vegetation types.

• Zambezian dry evergreen forest (Guineao-Congolian rainforest - Zambezian Woodland

transition) in small areas with deep, freely drained soils with adequate water supply in

dry seasons.

• Zambezian dry deciduous forest (Baikiaea plurijuga forests on Kalahari Sands are the

most extensive - see also PIEARCE, 1986).

• Zambezian swamp forest and riparian forest, related to areas with slow or no water

movement, or seasonal flooding.

• Zambezian woodland is the most widespread and characteristic vegetation in this region,

and occurs in different typical woodland types.
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• Zambazian thicket occurs in different scattered types with Itigi deciduous thicket, the only
extensive thicket.

• Zambezian scrub woodland occurs in some small areas.

• Zambezian grassland occurs on waterlogged soils, and is different from the secondary
grasslands that are associated with trees.

Three distinct woodland types are important ecologically because of their floristic
and substrate differences, but also because of their widespread socio-economic
importance: Miombo woodland, Undifferentiated woodland, and Mopane woodland.

Miombo woodland

Miombo is the prevalent vegetation throughout the Zambezian region where the
soil is freely drained but the rooting environment is restricted (see also CAMPBELL, 1996;
CHIDUMAYO, 1997). It is, however, absent from the southern and extreme western fringes
of the region and from large parts of the Kalahari Sands. Floristically and physiognomically
it is very different from other woodland types, and is nearly always dominated by
Brachystegia species (19), either alone or with Julbernardia species (2) or Isoberlinia
species (1). Miombo is mostly 10 m - 20 m tall but scrub Miombo can be as short as 3 m,
and in some deep soils the trees can reach 30 m height. Most Miombo woodlands are
semi-deciduous, but some are completely deciduous while some are almost evergreen.
Most miombo species are semi-light-demanding and showing some degree of fire
resistance, but dominants cannot survive repeated fires. The field layer is usually rather
sparse. The grasses are mostly 0.6 m to 1.2 m tall, occasionally taller, and there is an
open zone between the field layer and the lower canopy. A distinction is made between
Wetter Miombo (rainfall >1.000 mm, canopy height >15 m, floristically rich) and Drier
Miombo (rainfall <1.000 m, canopy height <15 m, floristically poor).

Undifferentiated Zambezian woodland (North & South)

It is floristically richer than either Miombo or Mopane woodland, and is more
easily defined by the absence of Miombo and Mopane dominants. However, several

commercially important tree species are shared with Miombo woodland. It occupies a
wide range of soils and, floristically speaking, has many variables. Differentiation is made
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between North Zambezian Undifferentiated woodland, north of the Limpopo River, and
South Zambezian Undifferentiated woodland to the south as far as Swaziland and South
Africa (see also SCHOLES; WALKER, 1993).

Mopane woodland (and scrub woodland)

It is dominated by a single species, Colophospermum mopane, and is widespread
in the drier half of the Zambezian Region, and in the main river valleys, but generally
absent from the Plateau areas (see also TIMBERLAKE, 1995). Mopane woodland can be
10 m - 20 m tall, with stands up to 25 m, but in some areas scrub mopane of 2 m - 3 m tall
covers extensive areas, in mosaic with taller stands. Mopane is capable of growing under
a wide range of climatic and edaphic conditions but is restricted in distribution by fire and
competition from other species. Mopane has a shallow root system with a dense
concentration of fine roots in the top soil. Grass is sparse or absent. In most situations it
is deciduous for about 5 months. Its associated vegetation is very different from the
Miombo flora.

Guineo-Congolia / Zambezian Regional Transition Zone
(Fig. 1, zone XX)

This transition zone extends from the Atlantic coast across northern Angola to the
high ground flanking the western part of Lake Tanganyika, with a maximum width of
almost 500 km. It forms part of the dissected plateau mostly between 1000 m and
1.500 m. In eastern Angola and the southern Democratic Republic of Congo the plateau is
overlain by a thick mantle of Kalahari Sand, but in the deeply entrenched north-south river
valleys the Karoo strata is exposed.

The climate, particularly throughout the length of the dry season, is intermediate
between the two regions (Guineo-Congolian and Zambezian). Rainfall diminishes very
rapidly to below 800 mm near the coast, but the dry-season relative humidity is high.
Frost is absent.

The flora consists of about 2,000 species and very few are endemic.

In this transition zone an impoverished Guineo-Congolian flora and an even more
impoverished Zambezian flora occur in mosaic form, or become mixed locally. The greater
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part of the transition zone is covered by secondary grassland dominated almost

exclusively by Zambezian species. In general, the Zambezian element becomes more

abundant towards the south.

Zanzibar-Inhambane and Tongaland-Pondoland
Regional Mosaics (Fig. 1, zones XIII and XV)

The Zanzibar-Inhambane zone stretches from southern Somalia (1°N) to the

Limpopo River mouth (25°S), and the Tongaland-Pondoland zone extends from the Limpopo

River mouth to Port Elizabeth (34°S). Both zones are 50 km to 200 km wide, but penetrate

further inland along broad river valleys. Most of the land lies below 200 m, but in the north

there are scattered hills and plateaux rising considerably higher. The coastal plain proper

is underlain by marine deposits. Inland from the coastal plain in the Zanzibar-Inhambane

area the topography is more undulating and underlain principally by Precambrian rocks,

but locally by Triasic sediments. In the Tongaland-Pondoland area the undulating

landscape is carved out of rocks of the Basement Complex, Table Mountain Sandstone and

sedimentary strata of the Karoo System. The rainfall is mostly between 800 mm and

1200 mm per year, with a well-defined dry season, with an amount comparable to the

Zambezian Region, but the dry season is less severe due to high relative humidity with no

month absolutely dry. Rainfall in the southern zone is more evenly distributed throughout

the year. Mean annual temperature is about 26 °C north of the Zambezi, and decreases

southwards to 17 °C. Frosts are unknown, except in the south.

Forest is assumed to have been the most widespread climax vegetation, but has

currently a fragmented distribution occurring as a mosaic within wooded grasslands and

cultivation. There are extensive areas of scrub forest and edaphic grassland, and smaller

areas of transition woodland, bushland and thicket. From Tanzania southwards a

floristically impoverished miombo woodland becomes increasingly important. Some of

this vegetation is clearly seral, but others seem to be stable. In places, Zanzibar-

Inhambane forest species and light-demanding Zambezian woodland species, occur in

intimate mixtures to form communities which are intermediate between forest and

woodland. In the Tongaland-Pondoland a similar pattern occurs of a complex mosaic of

forest, scrub forest, and evergreen and semi-evergreen bushland and thicket in a matrix of

secondary grassland and wooded grassland.
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Kalahari-Highveld Regional Transition Zone
(Fig. 1, zone XIV)

This zone separates the Zambezian Region from the much drier Karoo-Namib

Region (Zone VI in Fig. 1) (see also SCHOLES; WALKER, 1993). It runs diagonally across

southern Africa from southern Angola through eastern Namibia, western Botswana, the

northern provinces and Eastern Cape Province of South Africa, but its width varies

considerably. Most of it occurs on the great Interior Plateau of southern Africa. The

Kalahari basin, filled with Kalahari Sand since early Tertiary, occupies the central part and

has an extremely low relief, mostly between 850 m and 1000 m. To the south and

southwest of this basin the land rises gradually to more than 2000 m towards the plateau

rim and the Great Escarpment. Rainfall is nearly everywhere between 250 mm and

500 mm per year, but increases slightly to the east. But rainfall is less concentrated in the

summer than in the Zambezian Region. Winter temperatures are generally low.

The total flora is about 3000 species but many are marginal intruders which

penetrate a short distance from the four contiguous major phytochoria. There are very few

endemics and the greater part of the interior has very poor flora. The vegetation pattern is

complex. Wooded grassland, called Kalahari thornveld, is the characteristic vegetation of

the Kalahari Sand and the principal trees and shrubs are all Zambezian species, mainly

Acacia species, with Acacia erioloba the most abundant and characteristic tree in places.

In the northern part broad-leaved trees are more abundant but Acacia is still dominant. On

the more stony soils of the hills the vegetation is dense bushland.

Sudanian Regional Centre of Endemism
(Fig. 1, zone III)

The Sudanian Region stretches in a relatively narrow band widening from Senegal

in the west to the foothills of the Ethiopian Highlands in the east. Most of this region is

relatively low-lying without pronounced relief; with most of the area below 750 m. Large

areas are covered with superficial deposits of Pleistocene age. Consolidated dunes of

wind-blown sand occur towards the northern fringes of the zone (the Sahara desert side).

Cretaceous sediments occur in some areas, and soils from Precambrian rocks are

predominant in other areas.
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It falls within the tropical summer rainfall zone, and its climate is very similar to

that of the Zambezian Region in terms of rainfall. Mean annual temperature is 24 °C to

28 °C and, together with the impact of the hot and dry harmattan wind, makes the dry

season more severe. Frost is unknown.

The flora contains about 2750 species with about 33 % endemic, with no endemic

families and a few endemic genera.

The most natural and semi-natural vegetation characteristic is woodland, with

some small areas of swamp forest and riparian forest, and outliers of the Guineo-

Congolian rainforest, but there are no true forests. In most places where cultivation is

possible, the natural vegetation has been greatly modified. In less densely populated

areas most of the land is fallow with the woodland in various stages of regeneration

following a period of cultivation. In the valleys of the larger rivers and on the sites of

Pleistocene lakes, the main vegetation is edaphic grassland and wooded grassland. Under

the conditions of low relief and little change in climate, combined with most species

having wide tolerances, the recognition of distinct zones and distinct woodland vegetation

types is difficult. But some species do have a distinct northern and others a distinct

southern distribution, with the majority widespread. The wetter woodlands in the south

are typically dominated by Isoberlinia doka, whereas the northern drier woodlands lack

Isoberlinia doka.

Guineo-Congolia / Sudanian Regional Transition Zone
(Fig. 1, zone XI)

This transition zone extends across Africa from Senegal/Guinea-Bissau to western

Uganda, and reaches the coast, in the centre of the zone, in Togo and Benin (formerly

Dahomey) in the ‘Dahomey gap’ which separates the Guineo-Congolian rainforests. Nearly

everywhere the altitude is less than 750 m, except in a few mountainous areas. The

geology is very diverse, but most of the area is underlain by Precambrian formations.

The climate is transitional between the two regions. The coastal strip in the

Dahomey gap has an anomalously dry climate, due to the desiccating action of strong

onshore winds throughout the year. The hot and dry harmattan wind is important in this

transition zone.
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The flora has less than 2000 species with most of the species of the two regions

occurring widely, or linking species with even wider distributions. Very few endemic

species are present.

The greater part of this transition zone is covered with secondary grassland and

secondary wooded grassland. It is assumed that various types of forests were formerly

widespread, but that they had been extensively destroyed by fire and cultivation.

Sahel Regional Transition Zone (Fig. 1, zone XVI)

This transition zone occupies a relatively narrow band, mostly about 400 km wide,

across North Africa from Senegal and Mauritania along the Atlantic coast to the Red Sea

in the east. Most of the zone is a flat or gently undulating landscape below 600 m. Large

areas are covered by Pleistocene clays or aolian sand sheets distributed during the drier

phases of the Pleistocene, but derived from earlier continental deposits. Rainfall is

unreliable and mostly between 150 mm and 500 mm per year, but higher in small

localities, falling mostly in 3 to 4 summer months. The dry season is long and severe.

Mean annual temperature is between 26 °C and 30 °C. Light frost occurs occasionally.

The flora has about 120 species, with about 3 % strictly endemic. The vegetation is

mainly wooded grassland in the south (with annual rainfall 250 mm to 500 mm) and semi-

desert grassland in the north. The density of larger woody plants in the wooded grassland

varies greatly in relation to water availability and human interference. Bushland is more

restricted and confined to rocky outcrops.

Somalia-Masai Regional Centre of Endemism
(Fig. 1, zone IV)

The Somalia-Masai Region covers the Horn of Africa and includes eastern and

southern Ethiopia (except the mountains), south-east Sudan, north-east Uganda, most of

Kenya between the Highlands and the coastal belt, and the dry lowlands of north and

central Tanzania. Nearly everywhere the land is below 900 m and in the north-east

descends to sea-level. The underlying lithology is extremely diverse and includes marine

sediments, lava flows, Quaternary continental deposits and Precambrian outcrops.



Resource Use Activities, Conservation and Management of Natural... 237

The climate is arid to semi-arid. Just about everywhere, rainfall is less than

500 mm per year and in places as low as 20 mm. In most places there are two rainy
seasons separated by dry periods, related to the influence of the south-western monsoon
in the summer and the north-eastern monsoon in the winter. The monsoons do not bring
rain but rain falls during the intervening calm periods. Rainfall fluctuates greatly from year
to year with occasionally extreme droughts. Mean monthly temperatures are between
25 °C to 30 °C.

The flora contains about 2500 species, with about half of it being endemic (one

endemic family and about 50 endemic genera).

Deciduous bushland and thicket is the climax vegetation over most of the Region.
It is a dense bushland 3 m to 5 m tall with scattered emergent trees up to 9 m. In places it
forms impenetrable thickets. Its floristic composition is variable, but species of Acacia,
Commiphora, Grewia and Capparidaceae are nearly always present. The dominant Acacia
species and some of the Commiphora species are spinescent. On the lower mountain
slopes they grade into or are replaced by semi-evergreen and evergreen bushland and
thicket. There are smaller areas of scrub forest, riparian forest, secondary grassland and

wooded grassland, seasonally waterlogged grassland, semi-desert grassland, shrublands,
and desert. Upland evergreen bushland and lowland deciduous bushland have few species
in common. Very little has been published on the vegetation types in this Region.

Lake Victoria Regional Mosaic (Fig. 1, zone XII)

The vegetation of this region is a mosaic of floristically impoverished variants of
the characteristic vegetation of the Guineo-Congolian, Sudanian, Zambezian and Somalia-

Masai Regions, with sometimes an admixture of species of the Afromontane archipelago
(forest vegetation).

Resource Use Activities

The majority of the people in Africa live within the savannas, or depend on the

savanna resources for their livelihood, whether for subsistence or for commercial gain. It
is therefore important to consider the population density and growth, and the products and

resource use practices.
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Population density and growth

Population density and distribution have important implications for the intensity of

resource use and the size of markets (FORESTRY OUTLOOK STUDY FOR AFRICA, 2001).

Large tracts of Africa are arid and semi-arid, limiting the productivity of the land and,

therefore, its carrying capacity. Population densities range from <5 people/km² in the

desert areas of North and Southern Africa to <10 people/km² in some of the countries in

the tropical rainforest belt in Central Africa, to >50 people/km² in West Africa and >200

people/km² in Rwanda and Burundi. Patterns of resource use within countries are

influenced by the uneven population distribution. In absolute terms, population growth is

much higher in densely populated areas. This is likely to exacerbate resource use

conflicts in the future.

Population growth is one of the most critical factors that could alter the pattern of

forest resource use in Africa (FORESTRY OUTLOOK STUDY FOR AFRICA, 2001; see Table 1).

Africa’s current annual population growth rate is 2.4 % and essentially negates the

increase in GDP. Enormous inter-country variation is an important aspect to take into

account in assessing the impact of population growth. Nigeria (>110 million people) and

Ethiopia, the Democratic Republic of the Congo and South Africa (all with >40 million

people) are the most populous countries in Africa, and have large areas of savanna. There

are several countries with fewer than five million people.

Table 1. Population changes in Africa (in millions).

Annual Growth

Sub-region 1980 1990 2000 2010 2020 Rate (%)

1980-2020

Northern Africa 111.6 143.9 175.6 208.8 239.0 2.86

West Africa* 126.9 169.5 219.0 277.6 344.0 4.28

East Africa* 103.5 138.0 180.4 230.0 289.0 4.48

Central Africa 54.4 73.6 97.2 127.0 163.8 5.03

Southern Africa* 69.6 89.0 111.2 128.7 150.2 2.90

Africa 466.0 614.0 783.4 972.1 1,186.0 3.86

* Indicates areas with predominantly savanna vegetation.
Source: Danielson and Hammarskjöld (2000).
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Resources and resource use practices

African biological resources are used for direct and indirect socio-economic
benefit in many different ways (GELDENHUYS; VAN WYK, 2002). In most cases people
harvest the resources (plants and animals) in their immediate vicinity for daily domestic
consumptive use for food, medicine, household utensils, and construction.  A smaller
number of individuals, families, and some communities have used their skills and
entrepreneurship to use the resources through small, micro and medium enterprises
(SMME’s) to earn an income beyond their daily livelihood needs, such as small furniture
enterprises on the streets of towns and cities, woodcarvers, basket and mat weavers, and
traditional medicine traders in many areas. Specialized skills, sophisticated technology
and high levels of investment were combined to use some resources from the savannas
to develop various industries, mainly for export markets, such as the timber industries
(for construction, furniture and plywood). Nature-based tourism, an example of a mainly
non-consumptive use of the biological resources, is a fast-developing industry in many
savanna areas of Africa, but mainly in the Southern and East African countries.

A large range of products are harvested from the savannas, and in many areas
savannas are used for the production of other resources (crops). These are discussed in
very broad terms in the following sections.

Timber and wood products

In general, many different wood products are harvested from the natural
vegetation, mainly for fuelwood, charcoal, and construction of homes and fences.
Fuelwood is often obtained from the smaller dimensions of trees and other woody plants.
Charcoal is produced from cutting down large trees and thereby clearing a stand and
burning the wood in kilns on site. In many areas large tracts of tree stands are cleared.
Medium-sized poles are used for house construction and smaller poles for fences. Overall,
large volumes of poles are used, as was calculated during a study in -undifferentiated
woodland in Owambo, northern Namibia (ERKILLA, 2001): 45 tons of poles of indigenous
trees were used in the contruction of a typical farm, and 0.5 tons per capita were used for
annual maintenance. The annual consumption of indigenous wood for this purpose in the
whole of Owambo was estimated at 600,000 tons, lower than the sustainable yield of the
woodlands.
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The utilisation of indigenous commercial timber from the woodlands has not been

quantified for general comparison, and available statistics are generally anecdotal or

unreliable. Timber of a wide range of selected tree species is harvested from concessions

for local use and export. The timber is used for sawn timber, joinery, veneer (plywood),

parquet flooring, railway sleepers and a diverse range of other products. For example, in

Moçambique (Miombo woodland) a total of 1.09 million m³ of logs were extracted over the

period 1981-1990, which included valuable tree species such as Pterocarpus angolensis,

Afzelia quanzensis, Millettia stuhlmannii, Milicia excelsa  and Androstachys johnsonii (BILA,

1993).  In Benin (Sudanian Region and transitions) 350 trees of the timber species Khaya

senegalensis, Afzelia africana, Isoberlina doka and Pterocarpus erinaceus were cut over 10

km² for commercial purposes during one operation in one season (GOOSSENS, 1995). In

many areas relatively large volumes of timber (in relation to the volumes cut from tropical

moist forest) are cut from the forests without consideration of the regeneration

requirements of the species through appropriate silvicultural management, or control of

the influx of people from surrounding villages practising slash and burnt agriculture.

However, in some areas there are attempts to apply sustainable timber use from the

concession areas in the woodlands (see GELDENHUYS, 2005a).

Non-wood products

A wide range of non-wood products are harvested from savanna areas. Dlamini

(2007) listed eight direct use non-wood product categories of such products used: Forest

foods and drinks (edible fruits, leaves, roots, buds and herbs that contribute to improving

food security and nutritional status); Forest medicines (leaves, bark, fruits, roots, other

plant parts); Thatching material (grasses and other materials used for roofing); Plant

tannins and dyes (from bark and other plant parts, including vegetable tannin materials);

Household items and fibre products (include kitchen utensils, mats, sweepers and other

uses); Handicrafts and fibre products (everyday utensils, some also used in traditional

ceremonies, weapons such as knob sticks, and items traded in tourism markets); Animals

and animal products (ivory, trophies, bones, feathers, butterflies, live animals and birds

and bushmeat, etc); Other products (spices, insect products, natural plant pigments,

essential oils, incense wood, latex, plant gums, waxes etc.). He also listed four indirect

use non-wood categories: Cultural ceremonies and rituals (plant parts, bird feathers, and

plant/animals used as indicators such as red chested cuckoo calling in the ploughing
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season); Landscaping and ornamentals (shade, windbreaks, garden plants, hedges,

aesthetics); Fodder and grazing (trees, shrubs, grasses, and other plants); Floral greenery

(ferns, wild flowers, herbs, and others). For Swaziland (mainly woodlands and wooded

grassland) he listed at least 208 edible species, 39 species for household items, 338

species for medicinal use, 9 species for fuel wood, 53 species for handcrafts, 9 species for

fodder and grazing, 52 species for cultural rituals, 13 species for tannin and dyes, 17

species for ornamental purposes, and 8 species for thatching. In Benin, tree species are

used for a variety of non-wood products (AGBAHUNGBA et al. 2001; GOOSSENS, 1995):

traditional medicine (814 species, with five commonly used); food (128 species, with

seven commonly used); animal food (four species, three commonly used); and as fuel (11

species). Some species are used for a variety of products, such as Khaya senegalensis,

Afzelia africana, and Pterocarpus erinaceus.

Subsistence and commercial crops

Throughout the African savannas slash and burn traditional agriculture (shifting

cultivation) is practised to grow crops. Some or most of the trees in a stand are cut and

burnt on site as part of site clearing but also as a means to release nutrients. A variety of

crops are grown, in combination or in sequence. The typical crops grown in most places

are manioc (Manihot esculenta), maize (Zea mays), beans (Phaseolus spp.), ground nuts

(Arachis hypogaea), yam roots (Discorea villosa), with Sugarcane (Saccharum spp.), oil

palm (Elaeis guineensis), and other food crops. Over time, often after 2 to 5 years, the site

is abandoned due to lowered productivity and the farmer moves to a new area, either

previously cleared or newly cleared. The abandoned site then gradually becomes

established by the trees of the natural stand, either from seed or from vegetative regrowth

from roots or stumps left on site. This practice leaves the impression of degradation of the

natural vegetation. The intensity of degradation increases with increasing density of

people.

Some of this cultivation has become commercial. In the Sudanian Region and

transitions in Benin, for example, agriculture contributes 41 % of the bruto national product

and 80 % of the income comes from export (GOOSSENS, 1995), with cultivated products

such a yam roots, sorghum (Sorghum bicolor), parelgierst (Pennisetum spp.), maize and

cotton (Gossypium hirsutum) from the northern savannas, and manioc and maize with
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secondary crops such as yam roots, ground nuts, beans and palm oil (Elaeis guineensis)

from the southern areas.

Commercial farming of cash crops (such as maize, sorghum, sugar cane, tomato,
tobacco, etc) and of tree orchards of tropical fruits (avocado, mango, litchi, oranges, etc)
and nuts (macadamia and cashew) and oil palm, have caused the clearing of large tracts
of savanna in some countries. However, they provide employment and associated benefits
to many rural people.

Livestock and wildlife

African savannas are well known for the diversity and biomass (large size animals
and large numbers) of mammal herbivores (e.g. elephant, giraffe, hippopotamus,
wildebeest, zebra and a variety of antelope) and large predators (e.g. lion, leopard and
cheetah). In rural areas some of these animals are hunted for bushmeat. In many areas
people farm with livestock (mainly cattle and goats, but also other small livestock) as a
traditional-subsitence practice. Some areas have been turned into commercial rangeland
management for cattle farming. In South Africa, savannas make up 35 % of the land area,

and are the basis of two major industries: cattle ranching and wildlife-related tourism
(mainly trophy hunting and game viewing). In 1989 these industries had a turnover of
around US$ 1000 million in South Africa (SCHOLES; WALKER, 1993).

Some of the uniquely African sources of animal protein are becoming popular, even
amongst tourists, and sizeable industries have developed (GELDENHUYS; VAN WYK,
2002). Examples are biltong (a spicy dried meat from various wild mammal species or
cattle, especially popular in southern Africa), and dried mopane worms (Imbrasia belina)

feeding exclusively on mopane trees (Colophospermum mopane) in Mopane woodland.
Even the silk of the mopane worm is used in small industries to create exclusive and
unusual textiles.

Conservation of African Savannas

This section is restricted to the general social, economic and political influences
behind conservation in African savanna systems. It falls beyond the objectives of this

paper to provide a quantitative review on aspects relating to species, ecosystems and
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protected areas for at least four reasons: (i) the information (at a country level only) is

readily available only for sites hosted by organisations such as the World Conservation

Monitoring Centre (WALTER; GILLET, 1998) and the World Conservation Union (HILTON-

TAYLOR, 2007); (ii) much of such information is associated with inaccuracies, given the

scarcity of reliable and complete field-based data (PITMAN; JORGENSEN, 2002; KÜPER et

al., 2006); (iii) savanna vegetation types have been recorded in no less than 25 African

countries to the north and south of the equator (WHITE, 1983) and with this extensive

coverage over many countries it is difficult to present an accurate picture of the

conservation status; (iv)  the majority of peoples’ livelihoods are sustained by the

widespread use of their indigenous knowledge of plant (mainly for fuelwood and timber)

and animal (wildlife and livestock) resources (CAMPBELL, 1996).

Globally, African savannas are most well known for the large number of mammal

herbivores (e.g. elephant, giraffe, hippopotamus, zebra and antelope) and large predators

(e.g. cheetah, leopard and lion) (MITTERMEIER et al., 2004). Another salient feature is the

low human population density across vast areas (see World Bank statistics online), and

the concentration of people in small towns and villages. The outcome is twofold: (i)

protected areas are generally designed to accommodate people’s needs and the

movement of wildlife; and (ii) sustainable use ideals are central to conservation

approaches in African savannas. It is within this context that socio-economic factors have

become, in recent years, a prominent consideration in meeting conservation objectives

(HUTTON; DICKSON, 2000; CHILD, 2004).

The first comprehensive botanical description and mapping of savanna woodlands

at a continental scale was compiled by White (1983). However, international

organisations, most notably, through World Wide Fund for Nature’s (WWF) Global

Ecoregion Programme, have played a central role in consolidating more recent, local scale

information from checklists and vegetation surveys (see http://www.worldwidelife.org).

Large information gaps on the taxonomy, biogeography and consumptive use of plant

species remains a major obstacle to conservation and management in relation to

mammal and avifaunal data (KÜPER et al., 2006).

For the most part, African savannas are homogenous in species composition. They

vary from being almost monospecific in their overstorey, such as Mopane woodland, to

being more diverse, particularly in subtropical, higher rainfall areas. The savanna species
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pool largely consists of disturbance-associated species with life-history attributes that

predispose them to occupying wide distribution ranges (‘resilience’ traits, e.g. wind
dispersed or dehiscent seeds; association with wind or insect generalist pollinators in the
Zambezian Region, in GOLDING, 2008). The Brazilian Cerrado, (a savanna ‘hotspot’, in
MITTERMEIER et al., 2004), globally recognised for its exceptional species richness and
endemicity, and the negative impacts of threatening processes on the extent and quality
of its habitats (SILVA; BATES, 2002), has no such savanna equivalent in Africa. Species

richness per unit area and levels of endemism in African savannas is exceptionally low in
comparison to adjacent grassland and forest types (WHITE, 1983; for an empirical
account, see FROST et al., 2002). Regional, long-term studies on threatened and endemic
plant species have shown that the total in-country endemism of species recorded in
savannas is about 14 %, and that the proportion of savanna species categorised as
threatened on the IUCN Red List is <1 % (GOLDING, 2008, and see TIMBERLAKE et al.,

2006). Centres of diversity in African savannas are predominantly associated with
topographically heterogenous areas (e.g. inselbergs), geological substrates (e.g.
serpentine soils and other ore-rich soils such as copper), or moist areas associated with
rivers or lowland inundated grasslands (WHITE, 1983).

Although large tracts of savanna exist outside protected areas, most parks have
the unfortunate reputation of existing as ‘parks on paper’ (CHILD, 2004), for various
reasons (HUTTON; DICKSON, 2000; CHILD, 2004). Although these parks are legally gazetted
protected areas in the national legislation, they are inadequately managed, leading to

biodiversity loss. Better conservation outcomes require that adequate human, financial
and infrastructural resources are correctly managed, political will is mobilised, and that
people living in or around protected areas are included in decisions (BALMFORD et al.,
2001; BURGESS et al., 2006).

The threats in African savannas are diverse, but their impacts, which are directly
associated with human impacts, are generally localised. These typically relate to the
selective harvesting of plants and animals for food or energy needs, or land clearance for

small-scale agricultural or pastoral activities or charcoal production. The spin-off effects
of these threats are often more dire and wide-ranging than the primary effects. For
example, removal of ground cover due to over-grazing may cause erosion, siltation and
floods. Protracted political destabilisation and war has long-term negative effects in that it

cripples the state of poverty, and leads people to depend even more on natural resources.
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Wildlife poaching of big game and trafficking contraband in savanna woodlands has been

shown to decimate natural populations of plants and animals (e.g. Angola, Sudan and

Zimbabwe). Countries with stable democracies such as South Africa, Botswana and

Namibia are relatively better positioned to effectively manage natural resources.

Conservation in African savannas certainly requires continued ‘real-politik’ or ‘real

world’ approaches (SOULÉ, 1984; ROBINSON, 2006). This requires the implementation of

sustainable use solutions, otherwise conservation objectives will not be met, and the path

towards Africa’s development will be hindered.

Management for Sustainable Resource Use

There are many different approaches to resource use management (see for

example BRADLEY; McNAMARA, 1993). It would be realistic to consider the development

of the savanna resources of Africa from two sides: integrated land use planning at a

regional scale (across international boundaries within development regions) and at a local

scale (landscape level) within these regions. Geldenhuys (1997) indicated that the

development of sustainable, multiple-use management systems for the natural forests

and woodlands of Africa should focus on the following elements:

• Policy for sustainable, integrated, multiple-resource use.

• Assessment of socioeconomic needs at local and regional levels.

• Assessment of resource potential.

• Yield regulation and harvesting.

• Appropriate logging and timber transport systems.

• Strategic marketing of products.

• Regeneration, rehabilitation and reforestation.

• Monitoring of resource-use impacts.

• Training and education of people.

• Ecological and socioeconomic research programmes.
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Regional Integrated Landuse Planning

The Southern Africa Development Community (SADC) is used as an example of a

regionally integrated planning exercise (KRUGER et al., 1994). Population density and

growth, combined with the economic status of the component countries formed the basis

for dealing with the development challenges. The resource potential in southern Africa

was evaluated against the degree to which the potential was realized at that stage. The

potential in the countries and the region were assessed through biophysical modelling of

maize production as proxy for crops, of Eucalyptus grandis production as proxy for

commercial forestry, of fuel-wood production from natural woodlands as proxy for

resource use from natural areas, and of red meat as proxy for production from natural

pastures. The large resources of moist and arid woodlands showed a major potential for

expanded contribution to ecotourism in most of the countries, and for improved, economic

and sustainable utilisation of the diverse potential products: Red meat production had

reached its potential in most countries, whereas crop and roundwood production had

reached its potential in some countries, but had major potential for expansion in others.

This emphasized the need to coordinate and integrate optimal utilisation of the biophysical

potential of the woodland resources in southern Africa to shift the regional economy from

an agriculture-based (often subsistence agriculture) economy to an industry- and service-

based economy. There is, however, also a large potential for conflicts between different

land uses in the same areas. For example, Angola has a major production potential for

fuel-wood, timber, maize, and red meat, but also for ecotourism and indigenous

commercial timbers. One option suggested for consideration was to focus on sustained,

integrated multiple-use management of the large areas of moist and arid woodland.

Timber and livestock production could be practised over most of the area. Intensive

commercial agriculture and forestry should be practiced in selective areas of high

production potential. This would require regional zoning of areas of high potential for

optimal utilisation of the land for the best land uses. In the selected areas, more intensive

soil management practices, such as irrigation and fertilizers, can be used to increase

production. It is, however, essential that the rural communities benefit from the most

suitable economic activities in each area to obtain the financial means to purchase food

and other needs from areas where it can be produced at an affordable price.
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Landscape Level Integrated Resource Use
Management

Natural resource management at the local level, in this case in an African savanna

area, whether its purpose is towards conservation, a timber concession, or community

livelihood, represents costs and benefits. The sum-total of the physical (substrate and

atmospheric environment) and biotic components (plants and animals) of a resource

entity makes up its capital value, like an investment. The internal and external flows of

this capital provide values to the environment, society or individuals. Uncontrolled use of

resources contributes to resource degradation, may threaten the viability of some

species, and have an impact on availability of other products and services. An approach

used in Miombo woodland in southern Africa is used as an example. We have to manage

the capital of such woodland to optimize benefits to the vegetation system and to society,

and to do that, we have to consider and understand a number of concepts that may

influence how we practice silviculture and management, when focusing on the tree

component (GELDENHUYS, 2005a).

• Sustainable resource use has four main components.  Ecologically we have to sustain

the biophysical components and processes of the resource area to ensure the functioning

of the ecosystem.  Socially we have to satisfy the cultural and livelihood needs of the

people depending directly and indirectly on those resources and their products.

Economically we have to provide the direct and indirect potential benefits the resource

can offer within the ecological and social constraints, for example through viable

businesses and industries. Legally it is necessary to develop initiatives within a legal

framework and through effective institutional structures.

• General principles for setting priorities for conserving biodiversity and resource availability

include (SINCLAIR; WALKER, 2003): (i) All stakeholders should be involved in the process

of developing conservation or sustainable resource use management plans. If those who

benefit from conservation are not the same people who bear the costs, then there will be

no commitment from local people to embrace the conservation ethic, protect natural

areas, and conserve biodiversity; (ii) The ecosystem is the unit of management rather

than the species.  We have to conserve key resources in the context of the continually

changing ecosystem components through both abiotic influences of climate and biotic

interactions of species and human populations.
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• Diverse user needs from the same area need to be integrated (GELDENHUYS; VAN WYK,
2002). For example, most timber concessions have local communities either inside or
adjacent to the timber concession area. Participatory forest management, or collaborative
management, has become an essential approach to integrate forest management activities
with the daily livelihood activities of the participating communities. This approach requires
integrated resource management planning focused at the level of the technological and
financial capacity of the rural community dependent on the resources. In principle, the
target development (timber concession) is the focus for economic development. However,
in the socio-economic development we need to ensure that all community members
down to the family level, with their diverse use needs and interests, participate. Such a
diversified and integrated development will satisfy the entire community and will buffer
failures in any one type of development.

• Matching of resource use needs with resource availability is not only part of the initial
resource assessments, but is a continuous process in order to achieve sustainable
resource use. The user determines the market needs and demand of a product, i.e. type
and quality, when, and the amounts. The kind of product used determines the likely
harvesting technique and eventual impact on the resource. The forest components and
processes are particular to the specific habitats in the area and determine the tolerance
thresholds of particular disturbance and recovery processes (resource dynamics). If the
natural resource is in short supply or cannot recover from the current harvesting rates
and practices, alternative resources or products have to be developed.

• The essential ecological processes that maintain the system in a healthy state need to
be maintained. The most important processes are disturbances, and recovery from
disturbance. The reproductive processes (flowering, fruiting, dispersal, germination and
establishment) and nutrient cycling processes all form part of the disturbance and recovery
processes. The disturbance and recovery processes, and the rates of change, form the
basis of silviculture and management practices.

Disturbance processes

A disturbance alters resources, disrupts physiological processes, causes biotic
responses and thereby determines the patterns in the landscape (HANSEN; WALKER,
1985). It is essential to understand the particular disturbance processes and their impacts
on the vegetation type that we work with. The natural disturbance processes in any area,
both normal and extreme events,
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• Operate at different scales of time (frequency of recurrence) and space (or nested levels
such as region, landscape, community, and population, individual). For example, insects
eat the leaves of specific species; mammals such as antelope eat the new shoots of
specific species; or elephants break down branches and de-bark trees of selected species;
cattle graze the grass layer, and fire affects the entire vegetation, kill some species but
stimulate the recovery or regrowth of other species.

• Provide a baseline from which to assess the disturbances caused by human activities
and pressures.

• Provide a basis for the development of sustainable resource management practices and
harvesting rates. Any resource use practice, such as cutting poles or timber trees,
harvesting fruit, applying fire or protection against fire, resembles a natural disturbance
factor, but the human-induced disturbance regime (intensity, frequency and area affected)
may be different from the natural regime, and this will cause a different impact.

Resilience theory tells us (SINCLAIR; WALKER, 2003) that to understand and
manage a system at some particular scale, it is necessary to understand and consider the
dynamics of the system at scales above (for example, external flows caused by the larger
human system) and below (for example, internal flows of specific species populations) the
one of primary interest.

The typical disturbance processes in the woodlands or savannas are fire and
grazing/browsing (GELDENHUYS, 1977; SCHOLES; WALKER, 1993).

Fire is a non-selective, seasonal disturbance event and plants respond to fire
through their survival strategies (or lack thereof). Resource management strategies
should consider that (GELDENHUYS, 2005a):

• Historical facts as well as research results require that fire be considered as a natural
feature and integral part of woodland vegetation dynamics.

• Fire can be a useful tool in woodland management to reduce and manipulate woody
vegetation, and to favour regeneration and growth of selected species based on their
ecological requirements.

• Fire can become a problem when favourable conditions become unfavourable (such as
during accidental fires due to lightning or human activities), or deliberate unauthorised
fires, and the need to implement preventive measures may arise to reduce damage to
the minimum.
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• Fire caused specific adaptations in different plant species and these may require specific
fire management practices: thick bark in many woodland species; underground storage
systems associated with vegetative regrowth, such as in Pterocarpus angolensis
(BOALER, 1966).

• Timber, pole or brushwood cutting and the associated disturbance of the canopy and soil
weaken the resistance to fire - the biomass of grass, shrubs and dead material and the
fire hazard increase.

• Total protection may also increase the biomass of grass and shrubs, which may impede
the regeneration of some desirable species.

• The adaptation to fire of the preferred species of a type, and the regeneration status of the
community or compartment, determine the desired fire management to promote
regeneration.

Grazing/browsing is more specific in its effects because of the selective nature of
the feeding patterns of grazers and browsers.  It tends to affect specific layers (such as
the regeneration, or the grass layer) (GELDENHUYS, 2005a).

• Large herds of mammals (elephant, buffalo, and antelope species) were the natural
grazers/browsers but have been replaced by livestock in many areas. The question is
how would an increase in the number of wildlife and/or livestock have an impact on the
regeneration of forest species through grazing, browsing and burning for grazing and
hunting.

• Intensive grazing could be a substitute for controlled burning but the impacts on the
vegetation may be different, particularly the affects on regeneration of target tree species;

• Impacts of grazing/browsing are more severe during droughts.

• Elephants damage the bark of several species, such as Pterocarpus angolensis and
Acacia nigrescens and thereby increase their susceptibility to fire damage.

• Insects are a source of severe cyclic defoliation of many specific host species.

Management actions must relate to or simulate the natural disturbance processes
and regimes (GELDENHUYS, 2005a). We have to consider the consequences if we change
the regime of a particular type of disturbance such as fire (no burning or early rainy season
burning from late dry season burning) or if we change the type of disturbance such as from
fire to grazing by livestock. What are the implications of community bylaws of no fire on
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the availability and quality of grazing for cattle, or the quality of grazing between open
areas and areas under the canopies of dense tree stands? Burning trials in mixed
Pterocarpus angolensis – Baikiaea plurijuga Undifferentiated woodland in Kavango,
Namibia, have shown that total protection against fire causes the woody vegetation to
increase, whereas the annual late dry season fires contribute to a good grass cover with
an open tree stand (GELDENHUYS, 1977). The question is how do we address this issue of
fire versus grazing or fire prevention measures in resource management? The interim
solution would be to include this as an issue in the plan and to address it via the
monitoring programme, i.e. to record observations after accidental fires of what happens
in open areas and what happens in dense stands in terms of tree regeneration, tree
damage and survival, grass growth, etc., and what the livestock does in the burnt areas to
grass, tree sprouts, and tree regenerating from seed.

Recovery Processes

Recovery requires that:

• The degradation processes beyond the recovery potential of the vegetation be ended.
The human-induced disturbances should be within the regime of the natural processes.

• Cost-effective mechanisms to facilitate and direct the recovery processes be
implemented.

Important components of the recovery process are:

• Vegetative regrowth of surviving plants in a disturbed site.

• Regeneration and establishment of plants from seed banks existing in the site, or from
seeds dispersed into the site from neighbouring vegetation.

• Restoration of the nutrient cycle.

It is therefore important to understand the recovery strategies of the species that
we are utilizing from the area, and during which season and at what rates the recovery
takes place. The ecological requirements for recruitment and growth of the commercially
useful and ecologically important tree species determines the kind of allowable
disturbance during logging (gap size in relation to establishment needs of key species),
and how to manage fire to facilitate the regeneration of the important species.
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Management with fire

The fire regime is one of the key ecological processes in woodlands, and is

important for the regeneration of some of the key ecological and economic species, and

for maintenance of the biodiversity of the woodlands. The question is therefore what fire

regime is applicable in the different tree communities and how should we manage and

control fire to achieve the desired results? The adaptation of fire for the preferred species

of a type, and the regeneration status of the community or compartment, determine the

desired fire management. For example, Geldenhuys (1996) grouped the types of

undifferentiated woodland in Namibia into management classes based on the ecological

requirements of their most important species (Table 2). In that system, fire-control

preferences were applicable in different communities based on forest inventory

information, and the fire-tolerance characteristics of the dominant species.

Table 2.Forest management classes and protection priorities for the use and control of fire in the
management of woodland in Caprivi, Namibia.

Management group Fire management Protection priority

Baikiaea improvement: Total protection Extinguish fire as soon as
Regeneration in shrub Burn every 5 years in possible
form early dry season

Baikiaea improvement: Burn every 3 years in Limit burning area;
Regeneration mainly small early dry season allow fire to burn out
trees

Pterocarpus-Baikiaea- Burn every 3 years in Try to contain fire.  Limit
Guibourtia improvement early dry season burning area; allow fire to

burn out

Pterocarpus improvement Burn every 2 years in Limit burning area; allow
early dry season fire to burn out

Grassland Burn annually in early Limit burning area; allow
dry season fire to burn out

Open woodland Burn annually in early Limit burning area; allow
dry season fire to burn out

Source: Geldenhuys, 1996.
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Management for sprouting behaviour of canopy
species

The general perception in African savannas is that fire is the major cause of the

lack of regeneration of the target tree species. The majority of seedlings of the Miombo

species experience a prolonged period of successive shoot die-back during their

development phase, assumed to be caused by water stress or fire during the dry season

(TRAPNELL, 1959; BOALER, 1966; CHIDUMAYO, 1997).  Shoot dieback does not necessarily

result in seedling death if the root survives and produces a new shoot during the following

growing season (CHIDUMAYO, 1997). Mwitwa (2003) observed shoot dieback in

Pterocarpus angolensis under controlled nursery conditions with regular water and nutrient

supply and suggested that it is genetically fixed. This may be the case with many of the

Miombo woodland species (CHIDUMAYO, 1997), and we need to find a way to manage this

characteristic to achieve adequate development from the seedling to the pole stage for

the target species.

During field observations in Mozambique for a management plan, we looked at the

status of the regeneration of some target species in relation to different types of stand

conditions to develop some ideas around practical management of the regeneration of the

target species (GELDENHUYS, 2005a). Scattered seedlings of Pterocarpus angolensis,

Afzelia quanzensis, Brachystegia spiciformis, B. boehmii and Millettia stuhlmannii were

present in the understorey of mature Miombo woodland, and both in recently burnt sites

and understorey vegetation with no signs of recent burning.  Most of the plants were

10 cm to 50 cm high. We excavated one plant of each species and found in each case a

rootstock with frequent dieback of the stem, not necessarily because of fire. Many more

B. spiciformis seedlings of all sizes were later excavated and showed some resprouting

and dieback.

Stumps and roots of almost all Miombo trees produce sucker shoots once the

above-ground parts have been removed or killed, but the ability to coppice decreases with

age and size of the stem (TRAPNELL, 1959; CHIDUMAYO, 1997). If a destructive fire occurs

before dominant shoots attain a safe height to escape death from fire, the stump or root

respond by producing replacement shoots.  Sucker/coppice shoots grow faster than

shoots of stunted old seedlings, and may grow to 150 cm height in one growing season

(CHIDUMAYO, 1997). Geldenhuys (2005a) showed that smaller stems of Brachystegia
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spiciformis (<15 cm DBH) developed strong coppice shoots, but older trees developed no

coppice. Millettia stuhlmannii developed strong root suckering in a cleared slash and burn
site. Afzelia quanzensis developed strong coppice shoots on the root adjacent to the cut
stump. Grundy (1996) reported that browsing by livestock severely reduced coppice
regrowth during the initial stages, particularly of Julbernardia globiflora. With shoot
browsing one could stack some of the thicker unused branches over the developing
shoots (but this could cause a fire hazard).

A practice of selected spot burns in the early dry season (cool burns during early

dry season with low intensity), like local hunters use to attract game, for 3 to 5
consecutive years, could be implemented in areas of concentrated regeneration in the
seedling and sapling stages (seedling banks), and coppice regrowth on cut stumps
(GELDENHUYS, 2005a). Potential sites should be identified during the timber harvesting
operations in a particular area. Spot burning can help the regeneration to grow beyond the
stage where they are damaged by wild fire (pole stage). Such a silvicultural system could

be developed through an adaptive management approach.

Regeneration through controlled slash and burn
agriculture

Nearly all Miombo woodland has been subjected to slash and burn traditional
agricultural practices for the past 60,000 years (WHITE, 1983; CHIDUMAYO, 1997).  As a
consequence, its structure and floristic composition are regularly altered.  The trees in
Miombo woodland are often uniform in age and size, and forked at breast height. Most

Miombo species are both light-demanding and show some degree of fire-resistance, but
the dominants cannot survive repeated fires. Since fire is a regular feature in Miombo
woodland for millennia (CHIDUMAYO, 1997), the question is then whether Miombo, unless
cleared for cultivation, is secondary vegetation, or whether it represents stages in cyclic
changes due to extreme fire events? But even if Miombo is regularly disturbed by
cultivation, and slash and burn has almost become part of its dynamics over the last

60,000 years, the question is whether we could incorporate this into the management of a
timber concession.

Observations in two abandoned slash and burn sites in Mozambique showed the

following (GELDENHUYS, 2005a):
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• Growth rings showed fast growth (about 1 cm diameter per year) and the ring counts
were similar to the period since abandonment of the site (7 years). The main stand had
several trees of Brachystegia spiciformis and B. boehmii of 6 m to 8 m height and 10 cm
to 20 cm DBH.

• The older site (about 15 years old) showed that trees of Brachystegia spiciformis of 15 cm
to 20 cm DBH and 8 m to 12 m high dominated this stand, with some other species
present, including Millettia stuhlmannii.

• Several target timber species were observed in the regrowth, such as various Brachystegia
species, Millettia stuhlmannii, Albizia versicolor, Pterocarpus angolensis, Afzelia quanzensis
and Swartzia madagascariensis, and all showed strong growth.

Extensive potential areas of secondary forest occur in Mozambique – 30.8 % of the
total forested area (ALBANO, 2003). Selective thinning and prunning in the observed very
productive Miombo regrowth in abandoned slash and burn sites can improve the quality of
potential future timber trees. Silvicultural management of trees forms part of the
traditional tree management practices (CHIDUMAYO, 1997). This could also form a basis
for collaboration between a timber concessionaire and people living inside or adjacent to
the concession. Controlled slash and burn could become part of an integrated timber
concession management to induce productive regeneration of target species in areas
harvested for timber (similar to group felling systems). In this way fallow land could
benefit sustainable forestry. This practice will need good control and an agreement
between the concessionaire and the farmers (GELDENHUYS, 2005a).

Integrated use of harvested trees

Currently utilisation of timber from the woodlands in most countries is very
inefficient. Very often the same species is in demand for different products from different
parts of a tree, but in practice there is often conflict in use and no coordination for optimal
use of different parts of the same tree by different users (Fig. 2). Timber concessionaires,
local furniture makers, wood carvers and bark users all target their own trees for
harvesting. Only the large logs are utilized, and the smaller pieces and branches are left
behind. Often more than 50 % of the timber in woodland trees is contained in the branches
(Fig. 2). Trade chains of interdependent businesses could be developed (GELDENHUYS,
2005b; GELDENHUYS; SILENGA, 2006).  For example, in timber concessions, the best logs
could be sold for veneer and furniture timber for export. Smaller pieces could be used for
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local furniture shops, or for woodcarving. The bark could be used for various purposes, such
as fibre and medicine, depending on the species, for local small businesses.  This requires an
integrated business management between large and small industries, and individual
entrepreneurs, and integration of the use of the main products and by-products. This will
require good networking, and agreements between the concession owners and interested
user groups to facilitate improved benefits from wood, bark and fibre products to rural
societies. The timber concessions could be developed as a vehicle to link (remote) rural

enterprise development with trade in wood, bark and fiber products in urban business centers.

Fig. 2. Wood and non-wood products used from trees in woodlands, and conflicts in the
use of commonly used products. The optimal use of tree products lies in integrated and
collaborative use of tree products.

Source: Adapted from Geldenhuys, 2005b.

Concluding Remarks

The African savannas include a wide variety of vegetation types based on

structure and floristic composition. They are the home of most of the people, both in rural

areas and urban centers, and are the basis of the livelihood and business development of

those people and many others. Their formal conservation status is insecure because of

uncontrolled resource use and fires. However, there are many misconceptions about their
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ecology and dynamics. There are many options for their management, but integrated

resource use management through participatory resource management approaches can

provide the needs, for the diverse uses of different resource users, in terms of

infrastructure, agriculture, forestry and nature conservation.
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