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Abstract

Woody plants are key components of African savanna ecosystems as they provide
wildlife habitats, offer browsing to ungulates and are also a major source of fuel wood.
Disturbance events such as herbivory and fire negatively affect woody plant communi-
ties. However, some woody plants respond to disturbance events through resprouting.
In savanna ecosystems, woody plants co-occur with grasses and disturbance events such
as overgrazing result in the proliferation of woody plants at the expense of the grasses.
Therefore, an understanding of the factors that influence woody plants is critical for the
better management of African savanna ecosystems. This chapter reviewed our current
knowledge of the ecology of woody plants in African savanna ecosystems and examined
disturbance events such as herbivory and fire that shape woody plant communities. The
role of resprouting as a response to disturbance events and the negative effects of woody
plant encroachment on African savannas was also investigated. In addition, the conse-
quences of poor management such as woody plants loss and possible restoration mea-
sures were explored. Disturbance events such as herbivory and fire were found to play
critical roles in shaping the African savanna ecosystems. Interventions such as restoration
have a role to play in restoring the productivity of degraded woody plant communities.

Keywords: encroachment, fire, herbivory, resprouting, restoration, savanna

1. Introduction

In most African savannas, plant communities are influenced by shortage of moisture during
the dry season, with growth occurring largely during the wet season. The occurrence of dry
seasons and the resultant fires, fuelled by a continuous annual supply of dry fuel, are thought
to be the key drivers in the development of African savannas. Savannas occur where rainfall is
seasonal and unpredictable. In general, savannas are characterised by a continuous grass layer

I NT EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,

open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited.



26

Plant Ecology - Traditional Approaches to Recent Trends

which is occasionally interrupted by woody plants, with fires occurring from time to time [1,
2]. Furthermore, plant communities in the savanna evolved under and continue to be increas-
ingly subjected to intense herbivory pressures. African savanna ecosystems are an important
wildlife habitat, offer grazing to livestock and are also a major resource for fuel wood and
other products. Their structure and productivity are determined by complex and dynamic
interactions between climate, soils and disturbances (such as fire and herbivory) [3]. Woody
plants in savannas create favourable micro environments (e.g. through deposition of leaf lit-
ter and shading) and habitats that can support a great diversity of flora and fauna [4]. Woody
plant communities in African savannas are influenced by many factors such as rainfall, soil
type, herbivory and fire. The ability of woody plant communities to cope with disturbances is
critical for the sustainability of African savanna ecosystems. Resprouting is widely acknowl-
edged as a mechanism through which woody plants respond to disturbance events such as
fire and herbivory. The productivity of African savanna ecosystems is negatively affected by
the proliferation of woody plants, a phenomenon referred to as woody plant encroachment.
An understanding of the factors that favour woody plant encroachment is important for the
better management of African savannas. Poor management of woody plant communities in
African savannas leads to land degradation with restoration a slow and expensive process.

This chapter was based on a review of the current literature and sought to highlight the state
of our knowledge on the ecology of woody plants in African savanna ecosystems. An extensive
search for literature on the effects of rainfall, soil type, herbivory and fire on woody plant com-
munities was undertaken. The role of resprouting as a mechanism that enables woody plants to
cope with disturbance events such as fire and herbivory was also examined. Additionally, the
negative effects of woody plant encroachment on African savanna communities were covered.
Finally, land degradation as a consequence of poor woody plant community management
together with possible restoration measures was discussed.

2. Effect of rainfall on woody plant communities in African savannas

Woody vegetation structure is determined by the amount of precipitation, with many African
savannas water-limited [5-7]. Gordijn et al. [8] reported an increase in woody vegetation with
increasing mean annual rainfall. Savannas can be classified according to the amount of rain-
fall, length of dry season and reliability of rainfall as shown in Table 1.

Types of savanna Mean annual rainfall (mm) Length of dry season Normal deviation of rainfall
(months) from the annual mean (%)

(a) Moist savanna 1000-2000 2.5-5 15-20

(b) Dry savanna 500-1000 5-7.5 20-25

(c) Semi-arid savanna 250-500 7.5-10 25-40

Table 1. Classification of savannas according to amount of rainfall received per year, length of dry season and reliability
of rainfall.



Ecology of Woody Plants in African Savanna Ecosystems
http://dx.doi.org/10.5772/intechopen.69865

Rainfall is least predictable in the semi-arid savanna and most predictable in the moist savanna.
Water is considered the main resource limiting plant growth in semi-arid savannas [9]. Woody
plant biomass, basal cover and height increase with increasing availability of water to the
plants [10]. For example, woody plants are usually abundant along drainage lines within semi-
arid savannas owing to greater availability of water [11]. There is also greater woody plant
species richness and equitability with increasing rainfall [10, 12]. In addition to the amount of
moisture available to plants, the spatio-temporal distribution of water will determine the actual
species present and how they are distributed in space. The effects of rainfall interact with soil
nutrients, fire and herbivory to influence the density of woody plants [13, 14]. In savannas, the
extent of woody vegetation cover at a regional scale is determined by precipitation, while at
the landscape level it is influenced by geologic substrate, topography, fire and large herbivores,
especially elephants. The density of woody plants varies from dense in woodlands to sparse
in nearly treeless areas [15]. Woody plant cover is a key determinant of ecosystem function in
savannas [6]. Sankaran et al. [6] set a threshold of 650 mm mean annual precipitation as limit-
ing woody plant growth, above which maximum closed woody cover canopy can be achieved.
Additionally, the stature of woody plants decreases with declining precipitation to the point
where below ca. 300 mm most woody plants will be shorter than the arbitrary 2.5 m threshold
used to distinguish trees from shrubs. Scholes et al. [10] found that members of the Mimosaceae
(mainly Acacia) to dominate the tree layer in areas with mean annual precipitation (MAP)
of up to 400 mm were then replaced by either the Combretaceae (Combretum or Terminalia) or
Colophospermum mopane of the Caesalpiniaceae where MAP was between 400 and 600 mm and by
other representatives of the Caesalpiniaceae above 600 mm MAP. Although high precipitation
results in increased recruitment of woody plants [16], other factors such as fire, herbivory and
frost preclude woody vegetation from reaching the maximum woody cover [17]. A combina-
tion of frost, fire and herbivory (for example by elephants) are important determinants of the
structure and composition of the woody vegetation of some southern African savannas [18, 19].

3. Effect of soil type on woody plant communities in African savannas

The spatial heterogeneity of woody vegetation in African savannas is influenced by the physi-
cal and chemical properties of soil [20]. For instance, shallow, gravelly soils with a low soil
nutrient status will limit the woody plant size. Soil moisture and nutrient content are related
to geology [21], implying that geology predetermines the array of vegetation types found in
the African savannas [22]. For example, in African savannas, broad-leafed savanna occur on
ancient, highly weathered surfaces, whereas the fine-leafed savanna is restricted to recently
formed, nutrient-rich soils [14, 23]. The Combretaceae (Terminalia & Combretum) make up about
half of the basal area on soils that are free-draining or rocky, whereas soils with an impeded
layer (often sodic or calcareous) within the rooting zone are dominated by Colophospermum
mopane (Kirk ex Benth.) Kirk ex J. Leonard, an ecologically and morphologically atypical
member of Caesalpiniaceae [10]. Furthermore, sandy soils tend to favour woody over herba-
ceous (grasses) plants, which could be attributed to their ability to allow water to percolate
deeper beyond the rooting zone of grasses [6, 14, 24, 25]. Additionally, woody plant cover
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declines as soil clay content increases [26], because the higher water holding capacity of the
finer textured clay soils favours the shallow-rooted grasses over the deep-rooted woody veg-
etation [17]. Scholes [27] also reported nutrient-poor savannas as generally supporting higher
woody biomass than nutrient-rich ones.

4. Effect of herbivory on woody plant communities in African savannas

In African savanna ecosystems, large ungulate herbivores are considered to be the major driv-
ers of vegetation dynamics through directly reducing the abundance of the plants they con-
sume and altering the competitive interactions between trees and grasses [28-30]. Intensive
grazing by cattle is normally associated with an increase in woody vegetation [31], with wild
browsing ungulates, such as elephants having the opposite effect [32]. Woody plants evolved
with herbivory and herbivores play a key role in regulating their cover [33, 34]. In African
savannas, herbivores include both invertebrates and vertebrates. Vertebrate herbivores range
in size from the diks-diks (3—4 kg) to the elephant (6000 kg). The small herbivores tend to be
selective concentrate feeders, whereas the large ones are bulk feeders because they cannot meet
their daily feed requirements by being very selective [35]. Termites are an important group of
herbivores as they can consume between 10 and 80 percent of available forage. The effects of
herbivores on savanna ecosystems will vary depending on the vegetation type, the herbivore
and the environment. Bond [25] found herbivory together with fire to be key determinants of
vegetation structure and other ecosystem functions. Herbivores modify vegetation structure
in many savanna ecosystems [36]. For example, browsers prevent woody plants recruitment
to higher height strata [17, 32, 37]. This browser limitation of woody plant growth has been
attributed either directly to browsing-induced mortality of woody seedlings and saplings or
indirectly to fire, when browsing serves to suppress growth and maintain woody vegetation
within the flame zone making them more susceptible to fire-induced mortality [29]. On the
contrary, increases in woody cover have been attributed to overgrazing [31], which has been
found to enhance dispersal of woody seeds, reduce competition from grazed grasses, reduce
fire frequency and intensity due to lowered grass-fuel loads and increase water availability
for deep-rooted woody plants as a result of lowered uptake by grasses [29, 31]. Sankaran
et al. [17] reported higher woody cover in sites without elephants compared to those with
high elephant biomass. Herbivory has both negative and positive effects on woody plants.
For instance, megaherbivores (especially elephants) negatively affect woody plants [38],
while intense herbivory by mesoherbivores increases woody plants density [39]. O’Connor
[40] found elephants to kill woody plants mainly through complete uprooting. Additionally,
herbivores enhance woody plant seed dispersal and increase germination rates following gut
passage of the seeds, increasing the recruitment success of encroaching species [41, 42].

The major impact of herbivory, particularly by elephants, is to alter the structure and compo-
sition of vegetation by converting woodlands to shrublands and then to grasslands [32, 43].
Buechner and Dawkins [44] reported the conversion of Terminalia glaucescens woodlands,
Cynometra alexandri rainforests and riparian woodlands to treeless grassland through the com-
bined effects of elephants and fire in the Murchison Falls National Park, Uganda. Similar results
have been reported from Tsavo National Park, Kenya, where elephants were shown to be the
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major cause of woodland decline and fire maintained the converted vegetation in a grassland
state. Timberlake [45] reported that continuous browsing by elephant results in many small-
and medium-sized trees being knocked down, effectively forming a shrubland 1.5-2 m high.
Elephants break large trees resulting in an increase in shrub density from coppiced growth [46],
with continued herbivory on shrubs preventing their recruitment into taller height classes [47].
Additionally, they can fell, push over or uproot trees and trample on seedlings [48, 49]. Elephants
can fell as much as 20 percent of trees in an area per year, with the impacts more severe in
restricted areas [50]. Woodland damage by elephants has been reported in the Kruger National
Park in South Africa [51], the Luagwa Valley in Zambia [48], the Sengwa Wildlife Research area
in northern Zimbabwe [52-54] and the savanna woodlands of East Africa [44, 55]. Furthermore,
breakage of the main stems of trees results in a multi-stemmed growth form with limited vertical
growth, altering woody vegetation structure [56].The multi-stemmed coppiced tree stems have
high survivorship making them resilient to repeated herbivory which over time could lead to
the development of a stable vegetation phase with low canopy cover but resistant to conversion
into grassland [19, 56]. Eland also prevent recruitment of woody plants to higher height classes
while at the same time causing extensive damage at lower height strata [57], while giraffe brows-
ing reduces tree growth rates [58]. High impala densities have also been found to prevent the
regeneration of Acacia tree populations through intense seedling predation [59]. Herbivory may
lead to an increase in fast-growing palatable woody species or in slow-growing, often chemically
defended, unpalatable species [60].

Fire and herbivory act synergistically in influencing woody plant density and composition
[61]. Repeated herbivory exposes woody plants to fire by preventing their escape from the
fire-prone lower height strata [62]. Additionally, elephants break or ring-bark large mature
trees opening up their canopy, leading to an increase in herbage production in the woodlands,
which in turn, increases the risk of intense annual fires that kill regenerating plants, converting
woodland to shrubland or grassland. The interactive effects of elephants and fire have led to a
decline of some woodlands and their subsequent replacement by grasslands or open savanna
ecosystems [32, 63]. On the contrary, grazing herbivores through consumption of grass, reduce
the fuel load, frequency and intensity of fires allowing woody plants to successfully estab-
lish [64]. Herbivores can also positively influence woody plant germination and establishment
through other direct and indirect impacts such as trampling and seed dispersal [65]. Gordijn et
al. [8] reported browsing as reducing the density of microphyllous palatable species which in
turn were replaced by unpalatable macrophyllous species. Giraffe browsing has been found to
result in extirpation of some deciduous microphyllous palatable species [66].

5. Effect of fire on woody plant communities in African savannas

Fire plays an important role in altering woody plant community structure in African savan-
nas [4, 7]. It occurs in all savannas with most of the fires deliberately set by human beings,
although there are some incidences of fire caused by lightning. Frequent fires reduce
woody cover and maintain woody vegetation in a juvenile state by “top-killing” seedlings
and saplings, retarding transition to adulthood in tree species which can resprout from
rootstocks after damage of aboveground structures [5, 22, 67]. In areas where fires have
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been suppressed, an increase in woody vegetation cover and density has been reported [8].
Woody cover is determined by tree abundance and size, with fire altering the population
and community structure and tree size. Fire reduces the proportion of young trees that
reach maturity, leading to a disproportionately large number of small trees [7]. In addi-
tion, fire reduces competition among mature trees leading to higher growth and survival
rates. Repeated burning may result in bimodal tree size distribution, with small and large
tree size classes being predominant. Fire also initiates processes such as coppicing which
result in the production of multiple stems [7, 68]. Coppice regrowth is a strong regenera-
tion response of woody species in the savanna [69].

Fire can destroy 50% or more of the annual forage production. Moist savannas produce high
plant biomass, which in turn increase the fuel load resulting in intense fires. Conversely, her-
bivory causes a significant reduction in plant biomass accumulation thereby reducing the
fuel load limiting the impacts of fires. However, elephant damage of trees makes them more
susceptible to fire. Most tree damage occurs when fires are hot such as during late winter or
early wet season as compared to mid-summer or wet seasons, with the hot early season burns
damaging new plant growth. The frequency of burning also impacts on the extent of plant
damage, with very frequent burns resulting in a reduction of plant biomass build up, thereby
reducing the intensities of fire and the resulting damage to trees.

6. The role of resprouting in woody plant responses to disturbance

The abundance of woody vegetation in African savanna ecosystems is determined by their
ability to respond to disturbance events. Disturbance events widely recognised to influence
abundance of woody vegetation include fire [70], herbivory [71] and frost [72]. The ability of
woody plants to resprout in response to disturbance events is important in sustaining woody
plant populations, particularly in cases where seed production, germination and seedling
survival are low [73]. Most woody plants in the savanna have the ability to resprout (coppice)
and invest root reserves in rapid growth following a disturbance event [74, 75]. The removal
of terminal shoots results in the breaking of apical dominance, allowing lateral meristems to
develop into new shoots (hereafter referred to as resprouts) [76, 77]. The development of lat-
eral buds into resprouts enables woody plants to tolerate persistent herbivory, through rapid
replacement of lost photosynthetic tissue [78]. Resprouting is considered a strategy for the
plant to produce cheap photosynthetic tissue to compensate for lost biomass and to quickly
regain a positive carbon and nitrogen balance [77] and can be initiated from a root or stem
[79].

The resprouting responses of woody plants to herbivory vary considerably. Choeni and
Sebata [77] compared the resprouting abilities of five Acacia species in a semi-arid savanna by
determining the number of resprouts following simulated herbivory. Acacia karroo was found
to be a prolific resprouter, whereas A. arenaria produced very few resprouts (Figure 1).

The growth of resprouts following a disturbance event is very rapid to quickly replace lost
photosynthetic plant material. For instance, sixfold resprout length increments within 10
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weeks were reported in a study in central Zimbabwe [80]. Interestingly, three different woody
species viz. Grewia monticola Sond., Terminalia sericea Burch. ex DC. and Dichrostachys cinerea
(L.) Wight & Arn. have similar resprouting responses to disturbance (Figure 2).
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Figure 1. Mean (+SE) number of resprouts of Acacia rehmanniana, A. nilotica, A. karroo, A. arenaria and A. gerrardii in
response to simulated herbivory in a semi-arid savanna. Source: Choeni and Sebata [77].
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Figure 2. Mean (+SE) (n = 5) resprout lengths of three woody species following a disturbance event in a savanna
ecosystem. Source: Huruba et al. [80].
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Fornara and du Toit [78] found shoot growth rates to increase consistently with severity
of herbivory. The timing of the disturbance event initiating resprouting will determine the
resprout growth rate. For example, resprouting will be rapid when the plant growth condi-
tions are favourable [81]. Sebata et al. [82] found resprout growth rates to be higher during the
wet (growth) than the dry season in a southern African savanna. Resprouts benefit from better
mobilization of stored energy reserves and higher photosynthetic rates during the growth
season. Page and Whitham [83] found resprout growth to depend on the amount of carbohy-
drates that can be mobilized, by photosynthesis or in carbohydrate reserves.

7. Woody plant encroachment in African savannas

In most African ecosystems, open savannas are considered stable and productive because
they are less prone to the rapid proliferation of new woody plants. This is due to the positive
effect that large trees have on the natural functioning of the ecosystem which suppresses
growth of woody plant seedlings and saplings. The open savanna is maintained through a
process of system dynamics, which is based on the principle that the distance between a tree
and its nearest neighbour of the same species is not determined purely by chance, but that
tree spacing is normally distributed [4]. System dynamics predicts that the larger the tree,
the greater is the distance between it and the nearest individual of the same species; this is
particularly true for Acacia species. Reduced tree competition, through mortality, will result
in increasing the growth rate of remaining individuals, whereas competition between indi-
viduals in a community will result in reduced growth in a tree population [4]. In the event
that the system dynamics is upset, such as through loss of the established mature trees,
there will be a rapid proliferation of woody plants, leading to an encroachment of the open
savanna ecosystem. Woody plant encroachment is a common consequence of disturbance
in savannas [84] and is characterised by an increase in density, cover, extent and biomass
of trees in grass-dominated ecosystems [85]. It is a growing concern in most African savan-
nas [86], negatively affecting cattle grazing, fuelwood provision, biodiversity conservation
and ecosystem resilience [2]. Overgrazing, unsuitable fire regimes, increased carbon dioxide
and climate change have been implicated as the key drivers of woody plant encroachment
[29, 87, 88]. In African savannas, woody plant encroachment has generally been attributed
to trees escaping from competition with grasses and browse pressure where cattle have
replaced wildlife as the predominant herbivores [30]. Due to encroachment, an ecosystem
transition takes place leading to an increase in shrub and tree cover in grasslands and savan-
nas resulting in states of co-dominance by shrubs and grasses or complete conversion of
grasslands to shrublands or tree-dominated woodlands [89]. These ecosystem transitions
affect community composition and vegetation structure, ecosystem functions and biodiver-
sity conservation [90]. However, some grasslands generate self-reinforcing mechanisms that
promote conditions which prevent invasion by woody plants [89]. For instance, leaving little
open space for colonization, producing many fibrous roots in the upper soil layers that can
rapidly use water and nutrients and generating large amounts of herbaceous biomass that
facilitates frequent and intense fires that kill unprotected woody plant meristems [91-93].
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The competitive dynamics between grasses and woody plants changes once the later estab-
lish [89]. Woody plant seedlings recruit as single stems susceptible to top kill by fire then
rapidly develop into multi-stemmed plants resistant to burning. Woody cover of the multi-
stemmed plants increases limiting grass growth by reducing access to light. Eventually,
grass cover, grass biomass and the fuel load decreases [94], allowing further woody plant
recruitments [95]. Once woody plants establish themselves in grassland, it is difficult to
reverse the process.

The most widely accepted theory explaining bush encroachment is the two-layer soil-water
hypothesis [87, 96]. In this theory, the assumption is that water is the limiting factor and grasses
use only topsoil moisture and nutrients, whereas woody plants use subsoil resources [97]. This
separation of rooting niches allows for the coexistence of woody and grass plants [22]. A disrup-
tion of this relationship in favour of trees leads to woody plant proliferation. Overgrazing results
in the grass roots extracting less water from the top soil layer and allowing more water to per-
colate into the sub-soil, where it is available for woody plant growth [22, 29]. Thus, overgrazing
changes the grass-tree competitive interactions in favour of the woody plants and also reduces
the fuel load through grass removal preventing woody plant damage by fire [67]. Grass competi-
tion restricts tree recruitment [39], although grasses may also have positive effects on tree estab-
lishment by protecting the saplings from mammalian browsers [98]. In open savannas, grasses
generally outcompete trees for water and nutrients by growing fast and intercepting moisture
from the upper soil layers, thereby preventing trees from gaining access to precipitation in the
lower soil layers where their roots are mostly found [87]. Thus, when heavy grazing occurs,
grasses are removed and soil moisture then becomes available to the trees, because they are more
deeply rooted, allowing them to grow, recruit and expand [22]. Overgrazing of grasses has been
identified as the main cause of increased woody plant density in the eastern areas of Botswana.
Tree species with shallow roots (e.g. Acacia mellifera and Grewia flava) have been reported to be
responsible for bush encroachment, suggesting that they are favoured by an increase in water
availability in the surface soil following overgrazing of the grass layer. Heavy grazing also
reduces the fuel load, which makes fires less intense and thus less damaging to trees and, conse-
quently, results in an increase in woody vegetation. Woody plant encroachment in savannas can
also be considered as a cyclical succession between open savanna and woody dominance that
is driven by rainfall, which is highly variable, and inter-tree competition [22]. This means that
savanna landscapes are composed of many patches in different states of transition between grass
and woody dominance, that is, savannas are patch-dynamic systems. Alternatively, woody plant
encroachment can be viewed as a natural recruitment process for savannas [22]. In recent years,
the increasing carbon dioxide levels associated with global warming have been proposed to be
favouring woody plant encroachment [73, 99]. Increases in atmospheric carbon dioxide improve
water-use efficiency and increased carbon uptake in C, (mostly woody) plants favours them over
C, (mostly grasses) [4, 73, 99]. The elevated carbon dioxide hypothesis is based on observations
that most woody plants have the C, photosynthetic pathway and many of the grasses have the
C, photosynthetic pathway. The C, photosynthetic pathway is advantageous at higher levels of
carbon dioxide. Woody plant encroached areas can be converted back to open savannas through
a process of self-thinning [22]. However, the interactive effects of tree growth with fire and her-
bivory make the process of self-thinning complex and prolonged.
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8. Effect of land degradation on woody plant communities and
opportunities for restoration

Rangeland degradation starts with the formation of small bare patches which then expand to
form large denuded areas [100], leading to the reduction or loss of biodiversity and woody
plant productivity [101]. The recovery of woody vegetation in severely degraded areas through
natural succession processes is very slow, necessitating active intervention in the form of res-
toration efforts [102]. Restoration efforts are aimed at returning ecosystems to their previously
stable states through the re-establishment of lost vegetation. Cairns [103] argued that restora-
tion must be firmly rooted in ecology and the connection between ecological succession and
ecological restoration. The presence of large trees in an African savanna represents a structured
stable ecosystem that is productive because of the benefits of the presence of woody plants such
as soil enrichment, favourable sub-habitats for the maintenance of positive grass-tree associa-
tions and increased stability as large trees may suppress the establishment and development of
woody seedlings under their canopies or in their close proximity [4]. The presence of large trees
plays a critical role in the restoration of degraded rangelands, particularly the suppression
of bush encroachment. Smit [4] suggested that restoring savanna structure requires a highly
selective approach where woody plants are thinned in such a way that the remaining trees will
benefit from the reduced competition from other woody plants, resulting in increased growth
and thus an increasing sphere of influence on newly establishing seedlings.

In most African savannas, woody plant recovery is facilitated through the initial development
of pioneer woody species, usually xerophytic spinescent microphyllous species, which are
then replaced by a more stable savanna consisting of long-lived broad-leaved species [4]. The
broad-leaved woody species are able to germinate and develop under the canopies of spines-
cent species like some Acacia species. The spinescent species later succumb to natural causes,
enabling the broad-leaved species to predominate, as the former are unable to establish under
the canopies of established trees [4].

The vegetation structure of African savannas is being altered by expansion of human settle-
ments into previously undisturbed areas [104], with fuelwood harvesting as the key driver [105].
Preventing loss of plant communities is more cost-effective than attempts to restore degraded eco-
systems, because restoration processes will require costly inputs, such as woody plant establish-
ment. Nonetheless, restoration of degraded savanna systems is inevitable to increase rangeland
productivity. Restoration measures include the re-introduction of desired grass species or other
investments to improve rangeland quality from both an ecological and an economic perspective.

Attempts at restoring encroached areas by the removal of some or all of the woody plants
will normally result in an increase of grass production and thus also the grazing capacity.
However, the rapid establishment of tree seedlings after the removal of some or all of the
mature woody plants may reduce the effective time span of restoration measures. In many
cases, the resultant re-establishment of new woody seedling may in time develop into a state
that is worse than the original state. To counter this, a more stable environment can be cre-
ated by maintaining or restoring savanna structure (large trees). In a structured savanna, large
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trees are able to suppress the establishment of new seedlings, while maintaining the other
benefits of woody plants like soil enrichment and the provision of food to browsing herbi-
vore species. The loss of large trees from savanna ecosystems through indiscriminate, non-
selective bush control measures results in failure to successfully restore encroached areas.
Restoration should involve a highly selective process where woody plants are thinned in such
a way that the remaining trees will benefit from the reduced competition from other woody
plants. Direct competition between grasses and woody seedlings and saplings for soil water
can suppress the recruitment of woody species.

9. Future perspective

Woody plants in African savanna ecosystems are increasingly being cleared to make way
for cropping or being harvested as poles for construction of houses as human population
increases. The loss of woody plants alters the ecology of African savanna ecosystems affect-
ing the goods and services offered. A better understanding of the ecology of woody plants is
essential in managing these ecosystems in addition to attempts to restore severely degraded
areas. Further research to better understand the interactions between the woody and herba-
ceous components of the African savannas is required. The phenomenon of bush encroach-
ment remains poorly understood necessitating further research to gain better insights.

10. Conclusion

A better understanding of the ecology of woody plants is a key to the sustainable management
of African savannas because they stabilize these ecosystems. Rainfall, soil, herbivory and fire
play important roles in shaping African savanna ecosystems. The resilience and persistence
of woody plants in African savannas are determined by their ability to resprout quickly after
a disturbance event. Woody plant encroachment disrupts the balance between woody and
herbaceous plants resulting in the replacement of the more productive open savannas with
less productive densely vegetated ecosystems. Land degradation, mainly due to overgrazing,
accelerates woody plant encroachment. Successful restoration of degraded savanna ecosys-
tems requires a good understanding of their ecology.
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