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CHAPTER 5 

Savanna 

William W. Sanford and AugustineO. lsichei 
Department of Botany, University of Ife, Nigeria 

1. Definition of savanna 

7 .  Vegetation 

Fosberg (1961), in an attempt to set up a standard, international set of 
ecological terms, called savanna any 'closed grass or other predominantly 
herbaceous vegetation with scattered or widely spaced woody plants' and 
subdivided this into tall savanna, in which the herbaceous cover is at least 1 m 
high, and low savanna in which it is less. Savanna is separated from 'steppe' on 
the basis of the herbaceous cover being closed in savanna but not closed in 
steppe, the latter thus including 'desert scrub'. This is essentially a broad 
growth-form definition and is unsatisfactory on two counts; savanna as now 
generally conceived of has a cover predominantly of grass, not of any other 
herbaceous material; savanna may or may not have woody plants, and if they 
are present they may be either scattered or fairly dense. 

Other attempts to define savanna by its vegetation have been made. Beard 
(1 967) reviews the terms agreed upon at Yangambi by the Scientific Council for 
Africa South of the Sahara (CSA, 1956). These are more elaborate and exact 
than the simple definition stated above but also broadly depend on growth 
form, together with structural features. Savanna is described as a 'formation of 
grasses at least 80 cm high, forming a continuous layer dominating a lower 
stratum. Usually burnt annually. Leaves of grasses flat, basal, and cauline. 
Woody plants usually present.' This is divided into savanna woodland - 'trees 
and shrubs forming a canopy which is generally light'; tree and shrub savanna 
- 'savanna as defined, with trees and shrubs scattered'; and grass savanna - 
'trees and shrubs generally absent'. Steppe is defined: 'Open herbaceous 
vegetation, sometimes also with woody plants. Usually not burnt. Perennial 
grasses usually less than 80 cm high, widely spaced. Leaves of grasses narrow, 
rolled, or folded, mainly basal. Annual plants very often are abundant between 
perennials.' Formations associated with savanna are also defined. Woodland: 
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'Open forest; tree stratum deciduous of small or medium-sized trees with 
crowns more or less touching, the canopy light; grass stratum sometimes 
sparse, or mixed with other herbaceous and suffrutescent vegetation. Some- 
times evergreen or partly evergreen.' Thicket: 'Shrubby vegetation, evergreen 
or deciduous, usually more or less impenetrable, often in clumps, with grass 
stratum absent or discontinuous.' Scrub: 'Open shrub-land, as opposed to 
closed thicket.' A major difficulty here is the lack of a clear functional 
separation between 'savanna woodland' and 'woodland'. 

2. Climate 

Not all definitions of savanna, however, have been based on vegetation. jaeger 
(1945) followed by Troll (1952) attempted to define savanna on climatic 
grounds with little reference to vegetation. 'Humid savannah' encompasses the 
climatic zone of tropical summer rain with a dry period of from 2.5 to 5 
months; 'dry savannah', the regions of summer rain with a dry period of from 5 
to 7.5 months; and 'thorn-scrub savannah', the regions with a dry period of 
from 7.5 to 10 months. Troll has pointed out that savanna always reflects a 
combination of edaphic, biotic, and anthropogenic factors, and therefore 
includes all forms, from treeless grasslands to forest. This definition of savanna 
rather mixes causative factors and appearance. 

Trewartha (1954) in his modification of Koppen's world map, also views 
savanna fundamentally from the aspect of climate; he classes as tropical 
savanna areas with a distinct alternation of wet and dry seasons with rain in the 
summer generally exceeding 600 mm and sometimes up to 2000 mm. Walter 
(1973), however, in a world-wide review of savanna, places the approximate 
boundary of tree savanna at 400 mm, stating that at below this level only grass 
or grass and small woody plants occur. 

His views (Walter, 1971, pp. 238-239), are similar to those of the early 
German plant geographers Schirnper and Drude, as he looks upon savanna as 
'the natural homogeneous zonal vegetation of the tropical summer rain zone 
showing a closed grass cover and scattered, individual woody plants, either 
shrubs or trees. This climatically conditioned savannah probably occurs in 
Africa only in areas with rainfall below 600 mm and corresponds to the 
"thorn-scrub" of Jaeger.' Where anthropogenic factors are important he uses 
the term 'secondary savannah'. He excludes 'woodland' and considers 'park- 
land savannah' (grassland with widely spaced trees, often selected for their 
economic importance) to be a mosaic of different communities. His climatic 
savanna is, then, comparable to the Sahel in West Africa which, however, 
does not always have a continuous cover of grass. Furthermore the grasses are 
predominantly annual and often patchy in distribution. 
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3. Soil 

Still other workers have attempted to demarcate savanna according to edaphic 
considerations. Thus one of the conclusions of the 1964 IGU-Unesco sympo- 
sium in Venezuela as reported by Adejuwon (1 970) was that there are 'natural 
savannas which can be considered as edaphic climaxes. 

It is certainly obvious in any West African region of forest margin or savanna 
that patches of open vegetation and forest or woodland occur in relation to soil 
character. Chachu (pers. comm.) and Milligan (1979) have pointed out how 
frequently the vegetation of the Kainji Lake National Park region in north- 
western Nigeria seems to be determined by soil depth. Associated with 
shallow soil are decreased moisture availability, increased leaching of nut- 
rients, and increased soil temperature, all of which affect vegetation. 

Ramsey and de Leeuw (1965a, b) have studied vegetation and soil parent 
material in northern Nigeria and have concluded that 'only in extreme cases 
does the parent material of the soil influence the composition of the arboreal 
vegetation and then mainly through the soil-water relationship'. Ahn (1970), 
however, reported that the geological boundary between Pre-Cambrian Birri- 
mian formations and sandstone appears to determine the position of the 
forest-savanna boundary in Ghana. Hall (1977) has clearly demonstrated a 
demarcation of forest type and species composition in relation to broad soil 
type (tropical ferruginous-ferralitic). 

However, such soil-vegetation relationships, as well as relationships be- 
tween climate and soil and vegetation, obviously confuse cause and result: a 
definition of savanna should describe the physical thing that we are going to 
call 'savanna' rather than list the factors which we believe have brought it 
about. 

4. A synthetic definition 

From published descriptions of savanna and direct observation of savanna in 
West Africa, a definition may be arrived at: seasonal tropical vegetation in 
which there is a closed or nearly closed cover of grasses at least 80 cm high 
with flat, usually cauline, leaves; usually burnt annually; trees and shrubs at 
various densities most often present. 

The fundamental quality which provides whatever physiognomic, structural, 
and physiological unity the concept of savanna may have is the presence of a 
nearly continuous ground cover of grass. Recently Menaut (1983a) has 
suggested that the most useful characterization of savanna is the ratio between 
above- and below-ground woody and grass biomass. Such a characterization 
would not only be useful on a local basis but also on a world-wide basis. 

Seasonality, while having climatic implication of a wet and dry period, also 
implies physical change of the vegetation: the grasses mature, dry, and brown; 
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many of the trees and shrubs are deciduous. Annual burning indicates that we 
would not expect to find any considerable amount of dead vegetation 
accumulating on the ground. The use of the terms 'tree' and 'shrub' indicates 
that woody plants of at least two height classes are normally present. Trees are 
understood to be woody plants which at maturity are at least 3 rn high, while 
shrubs are less than 3 m high. (It is more satisfactory to use height as a criterion 
rather than such often-times stated, but in practice ambiguous, criteria as 
'having only one or several stems emerging from the ground'.) 

For a discussion of the abiotic environment associated with such vegetation, 
see section Ill, below. 

II. Fundamental processes of savanna systems 

The definition of savanna adopted above is rightly based on gro5s observable 
features of the vegetation and necessarily ignores the functional dynamics of 
savanna as an ecosystem type. Before any discussion of the causes of savanna 
and before detailed description of West African savanna types and before 
consideration of their study and management, it may be helpful to summarize 
briefly the main processes of savanna as a system. 

How much of a system, in the strict sense, savanna is may be debated, but it 
any assemblage of plants remains for an appreciable period of time, there must 
be a satisfactory relationship between the plants of the assemblage and 
between the plants and the abiotic environment and to this extent a system may 
be said to exist. This is not really saying anything except that if a group of plants 
survives, its survival must be possible. It is possible, however, to go further and 
agree that such assemblages are not static in species abundance and composi- 
tion but change over time, the rate of change being inversely proportional to 
the adaptive fitness of the individual plants to each other and to their 
environment of animals, soil, and climate. In other words, environmental 
pressure and variation in organisms, brought about by immigration and by 
phenoplastic and genotypic variability, act together in such a way that the most 
successful forms (i.e. the forms most productive of propagules able to establish 
themselves and in turn reproduce) of the most successful species replace less 
successful forms orland less successful species. 

If, barring change in environment, plants are continually being replaced by 
better adapted ones, the rate of change will decline until it i s  so slow that the 
system is more or less stable (using 'stable' to mean 'constant' or 'unchanging'). 
But a complicating factor spoils this simple picture: each plant species, indeed 
each individual plant, changes the environment to varying degrees and in 
varying ways; thus the only condition under which a stable system can develop 
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is that of the development of an assemblage of perfectly adapted plants which 
do not further change the environment. 

The dynamics of the savanna ecosystem thus depend upon the stability of the 
abiotic environment and the level of adaptive fitness of the plants in that 
environment. 

The climate of West Africa in recent geological times has been relatively 
unstable or 'capricious' as Livingstone has termed it in a recent review (1 975). 
No part of the African continent has escaped serious climatic change during 
the past 20 000 years. During the Holocene, 10 000 - 7000 BP, there was great 
forest expansion, although the continent was never covered with moist forest, 
and large areas of grassland were present in East Africa very long ago. Dry 
conditions existed before the period of moist forest expansion (about 13 000 
BP) and a gradual drying again occurred from 5000 to 3000 years BP. 

Livingstone considers the present biota to represent a lag concentrate of species 
that were able to persist through drier and cooler conditions than those of 
today. Thus, in the savanna, dry-adapted plants have been gradually infiltrated 
by some plants adapted to somewhat moister conditions. During the last 1000 
years or less, much of the savanna has been subject to annual dry-season 
burning and in very recent times (perhaps only during the last 300--400 years) 
to extensive clearing and farming. Annual burning has constituted a stabilizing 
pressure by selecting species of a certain physiological/morphological fire- 
resistant type, and by tending to limit vegetation in number of individuals and 
to control the size-class distribution of individuals. On  the other hand, 
cultivation, and to a lesser extent livestock grazing and browsing, not being 
regular in occurrence, have been destabilizing in effect. The repeated disturb- 
ance of natural vegetation at irregular intervals has destroyed much of the 
vegetation and has opened the area for immigration of colonizers or weeds, 
temporary inhabitants which are supplanted by other species when the 
disturbance is discontinued. It i s  thus obvious that any piece of savanna will 
vary in composition and structure according to its history of land use. Such 
local variations may be ignored for the time being and an attempt made to 
generalize the tendencies of change leading towards stabilization, and to the 
major processes of a more or less stable savanna vegetation. 

2. Mineral cycling 

Crucial for an assemblage of plants which long survives is efficient mineral 
cycling. If essential minerals in available form are present in finite supply and 
are not made available for reuse, the community wil l decline in productivity 
and eventually starve to death. The tropical climate of high temperature which 
increases the rate of mineralization of organic matter in the soil and of heavy 
seasonal rain which may bring about erosion, runoff, and leaching conspires to 
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make tropical soils especially vulnerable to deterioration. In West African 
savanna regions, cultivated crops decline drastically in yield after only three or 
four years, because there is almost no nutrient cycling in a maize or millet or 
guinea-corn field. Surviving plant assemblages must avoid this. The main 
factors in nutrient conservation and cycling which allow a community of plants 
to persist are a multilayered canopy cover to lessen the impact of rain, a close 
network of roots to absorb nutrients as soon as they go into solution to prevent 
their loss by leaching or runoff, and adequate litter fall and decomposition to 
return nutrients to the soil for reuse. The ideal savanna would, then, have at 
least two strata of woody plants and a cover of grass and forbs. 

Typical Guinea savanna may roughly be described as having an A stratum o i  
large trees at least 7 m in height and a B stratum of woody plants less than 7 m 
high. Tree canopy cover in northern Guinea savanna in Nigeria ranges, on an 
average, from about 25 to 35 per cent. (Such cover means a density of trees at 
least 30 cm in girth at breast height of from 0.010 to 0.020 m -'.) Woodland in 
this region ranges from about 50 to 80 per cent in canopy cover (with a tree 
density of from 0.040 to 0.20 m -2) .  Southern Guinea may have slightly more 
canopy cover but is often essentially the same in cover as northern Guinea. In 
the derived or transition zone, tree cover may be higher in woodland which 
approaches forest in structure. The herbaceous cover during the rainy season in 
all regions is well over 200 per cent, often ov6r 400 per cent, being composed 
of several layers. 

The extent of the root network can be approximated by measurement ot 
below-ground biomass. The most precise figures available are those of Cesar 
and Menaut (1974) for derived savanna in lvory Coast for eight categories of 
vegetation, ranging from grass savanna with less than 1 per cent cover by 
woody plants to woodland with over 50 per cent woody cover. The seasonal 
mean below-ground biomass was reported to vary from 10.1 t ha-' (1 01 0 g 
m-?) to 19.0 t ha-' (1900 g m-'1, with the ratios of above-groundlbelow- 
ground biomass ranging from 0.22 to 0.51. Variation over the year was 
considerable, with maximum below-ground biomass as high as 28.8 t ha- ' .  
lsichei (1979) has estimated below-ground biomass in derived and Guinea 
savanna in Nigeria. At the peak period of herbaceous standing crop (October- 
November) total below-ground biomass ranged from 1322 to 4334 g m-' in 
derived savanna and from 402 to 1972 g m -' in Guinea Savanna. 

Somewhat more information is available for dead material above ground and 
litter fall. Total standing dead matter above ground in the lvory Coast study 
ranged from 0.28 to 0.67 t ha - '  (28 to 67 g m-'). Leaf litter fall has been 
reported by lsichei to range from 63 to 31 7 g m -' yr-', and wood litter fall 
from 223 to 387 g m-' yr- '  in derived savanna; 1 18 to 241 g m-' yr-' leaf fall 
and from 70 to 672 g m-2 yr- '  wood fall in Guinea savanna. Hopkins (1 966) 
has reported 90 g m-2 yr-' leaf fall in derived savanna (Olokemeji Forest 
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Reserve, Nigeria), and Collins (1977) has reported 239 g mP2 yr- '  leaf fall and 
139 g m-' yr-' wood fall in Guinea savanna. 

As important as the amount of litter fall is the rate of disappearance of the 
litter. If litter is collected in plastic bags, termites and the larger soil fauna are 
excluded and disappearance is brought about mainly by bacteria and fungi. 
This, however, gives an unrealistic estimate of disappearance. Collins (1977) 
has estimated that the termite, Macrotermes bellicosus, alone removes 60.1 
per cent of the annual wood fall and 2.9 per cent of the leaf fall in his study 
area in Nigerian Guinea savanna (an area with a very high density of this 
termite). The fungus-growing Macrotermitinae were reported to remove 35.5 
per cent of the annual leaf litter fall in this region. lsichei (1 979), working in 
Guinea savanna further north, as well as derived and southern Guinea 
savanna, estimated litter disappearance under completely natural conditions 
with the litter unenclosed. His reported disappearance rates may be somewhat 
too low because he was not able to collect data at frequent enough intervals, 
but they give an extremely good idea of the rapidity of litter disappearance in 
savanna. Using the exponential growth equation, as suggested by Olson 
(1 963): 

N, = Noe-li 

where N is the litter remaining after time t and No the litter at the beginning of 
the time interval; rates, r, estimated on a yearly basis were found to range from 
1.68 to 4.62 (mean 2.72) for leaf disappearance, with the highest rate of 
disappearance in northern Guinea where termites were abundant. This means 
that on the average, 50 per cent of the annual leaf fall disappears within a little 
over three months. The values of r for wood disappearance were much more 
variable, probably being more dependent on termite density, and ranged from 
0.32 to 1.1 6 (mean 0.59). Thus, 50 per cent of the annual wood fall disappears 
in about one and a half years. 

Some idea of the amount of nutrients returned with litter is obtained by 
examination of Isichei's figures for nitrogen content of litter: leaf litter 
contained from 0.81 to 1.22 per cent nitrogen (mean 0.98 per cent) while 
wood litter ranged from 0.50 to 0.61 per cent nitrogen (mean 0.57 per cent) by 
weight of oven-dried material. 

3.  A nitrogen model 

As stated at the beginning of this section, if an assemblage of plants is to 
survive, nutrients must be conserved and cycled so that a nearly constant level 
of availability is maintained. Figure 5.1 illustrates nitrogen stocks and flows in 
savanna woodland (as a composite of the early burnt plot in derived savanna at 
Olokemeji Forest Reserve and a 1 ha research plot in northern Guinea 
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Fig. 5.1. Compartment model of estimated stocks and flows of nitrogen in woodland 
savanna (composite of the early plot in derived savanna of Olokemeji Forest Reserve, 
western Nigeria, and Isoberlinia-Afzelia woodland in Kainji Lake National Park, 
north-western Nigeria). Notes: (1) Values in brackets indicate number of days in the 
year a flow is operative; (2) arrows indicate direction of movement of nitrogen; ( 3 )  
compartments are approximately proportional in size and values are in g N m-' yr- ' ;  
(4) decimal values beside flow lines indicate nitrogen flow rates in g m-' day-'; (5) a = 
above ground; b = below ground; (6) the soil returns shown are estimates of nitrogen 
reaching the soil after loss of nitrogen by nitrification and ammonification during litter 
decomposition. 

savanna, Kainji Lake National Park, both Nigeria). From soil analyses, lsichei 
estimated that the soil sink to a depth of 45 cm holds about 325 g N m-'. From 
tissue and soil analyses and from controlled nutrient feeding studies (Opa- 
kunle, 1978) he has estimated that 2.5 per cent of the soil nitrogen becomes 
available each year for plant uptake. All of this is taken up by the vegetation in 
this model. Woody vegetation stores 45.6 g N m-' and adds 3.5 g N m-' in 
new wood each year, while returning 3.6 g N mP2 in litter and dead 
below-ground material. The herbaceous biomass takes up 2.4 g N m-' 
annually, loses 1 g mP2 by volatilization with burning, and returns 1.3 g m-' 
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in litter and dead below-ground material. This means that a deficit of about 1 g 
N m-' yr-l is incurred. Such a situation represents as nearly a balanced system 
as one is apt to find - there is always some 'leakage' of nutrients in any cycle. 
Open savanna shows a greater deficit. Isichei's composite model indicates that 
only 61 per cent of the available soil nitrogen is taken up by the vegetation; 39 
per cent is subject to leaching, runoff, and use by micro-organisms. Woody 
vegetation utilizes 2.2 g N mP2 and returns 1.8 g m-*, while herbaceous 
vegetation takes up 2.3 g mP2, loses 1.4 g mP2 from burning, and returns 1.1 
g. The debit balance i s  1.6 g N m-', yr-l plus up to 5.3 g N mP2 not taken up 
from the soil by higher plants and possibly lost. 

These model estimates, while crude, illustrate that the most efficient mineral 
uptake and cycling occurs in woodland, and that considerable annual loss 
('leakage') may occur in more open savanna. Such loss may, however, be 
made up by inputs. Both woodland and open savanna will receive nutrients in 
rain. West African savanna, for example, probably receives between 0.39 and 
0.75 g N m-' yr-' (Adeniyi, 1982), with the most likely mean value about 
0.45 g m-' (Jones and Bromfield, 1970). Further addition comes from 
Nz-fixation by free-living soil micro-organisms (Azotobacter and Clostridium), 
from Rhizobium-Leguminosae associations and from the loose association 
between grass roots and the bacteria Azospirillurn lipeferurn and A. brasilense. 
An additional input for open savanna is N,-fixation by soil crusts of blue-green 
algae (largely Scytonema) which may fix from 0.33 to 0.92 g N m-* yr-' 
(Isichei, 1980). 

Of  nutrients other than nitrogen, only sulphur is subject to loss through 
volatilization by burning; the others are returned to the soil in ash as well as by 
litter (ash is, however, most often moved by wind and early rains away from its 
site of origin). All nutrients are present in considerable amounts in rain-water. 
Most often limiting in West African savanna is phosphorus; most easily leached 
in cultivated land i s  potassium. 

4. Energy utilization 

Just as it may be argued that a community of plants tends to develop such that 
mineral cycling improves in efficiency, it may be argued that a community 
develops towards increased efficiency of energy utilization. Ecological 
efficiency, E, may be defined: 

where Y is yield of dry matter and I energy input - light in the case of plants, 
food in the case of animals (Conrad, 1977). 
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The logic of this argument is simple: if there is any unused light - i.e. any 
light not reflected back into space or absorbed - such light represents a free 
resource for primary producers, part of an unfilled niche. Because of plant 
competition and reproductive expansion, any unfilled niche tends, in time, to 
become filled. Thus, as shading occurs from the growth of large plants, smaller 
plants with low light compensation points enter the system. 

Working in a region of northern Guinea savanna in Nigeria, where the mean 
daily global radiation during the growing season (May to November, about 200 
days) is approximately 16 242 kJ m-' day-', lsichei found the mean dry-matter 
production in open grassland savanna to be 725 g m-2 yr-' and in a nearby 
woodland, 1295 g m-2 yr-', representing ecological efficiencies of 0.4 and 
0.70 per cent respectively. 

As has been seen, savanna woodland is more efficient in mineral cycling; it 
can now be seen that it i s  more efficient in energy utilization. This strongly 
suggests that savanna, if undisturbed except by annual burning, wil l tend to 
develop into woodland savanna (see Figs. 5.2 and 5.3). 

Ill. Causes of savanna 

It has long been argued that savanna is caused by something, the 'something' 
sometimes held to be climate (low moisture availability for at least part of the 

Fig. 5.2 bvoodland 5,lv~lnna: Isoberlinia-Afzelia, Kainji Lake National Park, north- 
western Nigeria. (Photograph W. W. Sanford.) 
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Fig. 5.3. Juvenile bushland (Burkea-Detarium-Terminalia avicennioides Savanna) 
Kainji Lake National Park, north-western Nigeria. (Photograph by W. W. Sanford.) 

year), sometimes soil (shallow orland infertile soil) or, a more recent favourite, 
anthropic disturbance, especially burning. We will examine these hypothetical 
causes, although stating at the outset that we do not believe savanna has a 
cause but rather than this broad vegetation system develops in response to a 
cluster of interacting factors. 

7. Climate and soil 

Causation by climate orland soil is usually linked with the old climax or 
poly-climax theory. According to the classical view of Clements (1916), still 
favoured by some geographers, vegetations develop directionally through a 
number of successional phases until a stable and ecologically balanced 
system, the climax, is achieved. Successions are held to be convergent, all 
ending up in a state determined by climate according to the climax theory, or 
by climate, soil, and possibly other factors such as anthropic disturbance 
according to the poly-climax theory. 

As the introductory remarks to section II, above, indicate, we do not 
subscribe to any simple view of succession and climax. In the first place, 
vegetation varies over time species by species. Such an individualistic under- 
standing of community change, sometimes considered modern and controver- 
sial, was, as Horn (1 975) points out, already accepted as common knowledge 
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by Thoreau in 1860. Secondly, there is good evidence (e.g. Matthews, 1979) 
that successions do not converge, that they strongly tend to diverge. 

It cannot be argued, however, that climate and soil do not have great 
importance in determining the composition and structure of vegetation. As 
already indicated, the moisture regime i s  fundamental. It hardly needs 
expatiation that some plants are adapted to low moisture orland extended dry 
periods and some are not. The question is, rather, can the definite structure 
which we have described as savanna be definitely associated with the moisture 
regime? 

Taking Keay's (1 959a) savanna zonation for Nigeria as an example, definite 
ranges of the ratio of annual precipitationlpotential evapotranspiration can be 
seen in Table 5.1. 

Table 5.1 

Vegetation zone Precipitation/evapotranspiration ratio 
- - - - - - -- - - - 

Derived savanna 0.75-1 .O 
Southern Guinea savanna 0.65-0.88 
Northern Guinea savanna 0.4Cb0.66 
Sudan savanna 0.21-0.40 
Sahel (thorn scrub) < 0.21 

But this hardly answers the question, as Keay may have as likely defined the 
zones by climate as the vegetation of the zones may have been determined by 
climate. 

From the definition of savanna (Section 1.4, above), it is clear that moisture 
availability must be seasonal, that a dry season must be long enough and 
severe enough for most herbaceous vegetation to dry thoroughly to ground 
level. The major problem is whether or not a grass cover would develop in 
response to such a climatic regime rather than a dry forest - without 
appreciable grass. This question at once brings soil and topography into the 
picture. Riverine or gallery or riparian forests (or woodlands) are frequent in 
savanna regions. Such bands of vegetation follow the course of seasonal or 
perennial streams and often approximate to rain forest in structure and 
physiognomy. Grass is often absent. Such vegetation is, however, largely 
restricted to the more humid Guinea savanna, although trees and shrubs are 
taller and denser along watercourses even in semi-arid regions. The species 
composition of such woodlands, while containing species found in rain forest, 
is distinctive, not mirroring rain forest but rather containing a few widespread 
forest species (e.g. Anthocleista vogelii, Antiaris africana, Ceiba pentandra, 
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Cola gigantea), together with larger savanna trees (e.g. Vitex doniana, Khaya 
senegalensis) and trees found only along streams in either forest or savanna 
(such as Berlinia grandiflora, lrvingia smithii, Pterocarpus santalinoides). It is 
likely that the water-table, soil fertility, and atmospheric humidity in such 
relatively narrow bands along streams, often in steep valleys, approximate the 
abiotic environment of seasonal forest regions, and that such vegetation would 
not survive at a distance from the stream whether or not there was anthropic 
disturbance. 

More intriguing are patches of dry forest, usually dominated by Diospyros 
mespiliformis, found in the midst of Guinea savanna on more or less level 
ground away from streams. (Fig 5.4). Our recent examination of such dry 
forests in northern Guinea savanna in Nigeria shows that Diospyros saplings of 
all size classes develop under Diospyros canopy, while other species are rare; 
thus the next generation is  very apt to have the same composition and structure 
as the present one. Such one-species-dominated forests appear to conform to 
classical views of climax (especially as defined for tropical rain forest by 
Connell, 1978). While moisture availability is probably a contributing factor to 
the development of such vegetation patches, soil depth (associated with 
moisture availability and nutrient store) and character are perhaps more 
important. Even in the absence of disturbance, the requirements of Diospyros 
when occurring in drier regions (as opposed to rain-forest areas) seem to be 
specialized enough to preclude the spread of such dry forests over any 
extensive area. 

Superficially similar, except for the presence of a grass stratum, are fairly 
dense woodlands dominated by lsoberlinia spp. or by lsoberlinia and Afzelia 
africana. Our observations so far, however, lead us to conclude that such 
woodlands may not be replaced by the same species composition in the next 
generation. 

Less obvious than the variation in savanna brought about by such woodland 
patches is the gradual variation in structure and species composition with 
toposequence: the vegetation at the top of a hil l is different from that on the 
lower slopes or at the base. Such variation is often associated not only with 
drainage and water-table but also with soil structure, almost impenetrable 
ironstone often lying sufficiently near the surface to restrict root development. 

It is apparent, then, that soil characters - depth, structure and texture, 
fertility - strongly influence vegetation on a local scale. This still does not 
answer the question of whether or not savanna would develop in response to 
soil and climate without anthropic interference. The conclusion of the 1964 
IGU-Unesco symposium in Venezuela, referred to above (section 1.3) was 
that: (1) savanna is not a climatic climax; (2) a majority of the units of this 
vegetation can be considered as anthropic - existing because of the activities 
of man; (3) there are also natural savannas that can be considered as edaphic 
climaxes. Acceptance of this without considerable reservation seems rash. It is 



108 Plant Ecology in West Africa 

Fig. 5.4. Diospyros rnespiliformis with a dense undergrowth of saplings growing on an 
old termite mound in Isoberlinia-Afzelia woodland, Kainji Lake National Park, north- 
western Nigeria. (Photograph by W. W. Sanford.) 
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known that extensive grasslands, probably fitting our definition of savanna, 
existed in East Africa long before there was either burning to any extent or 
cultivation at all (Livingstone, 1975). Furthermore, such grasslands were too 
extensive to be edaphically developed. A much more reasonable approach is 
that of Sarmiento and Monasterio (1 975) who put forth a holocentric interpreta- 
tion of savanna as a broad ecosystem type, the multiple factors leading to its 
development varying in different climatic-vegetation zones. They point out 
that in regions of rain forest in tropical rainy climates (such as tropical America, 
where they worked), the type of forest (species composition, structure, 
physiognomy) clearly varies with the rainfall regime; and where the rainfall is 
variable from year to year or is slightly low or where the dry season is 
prolonged, savanna vegetation may develop and supplant forest in local areas 
of sandy soil, senile soils of latocolic evolution, or on very shallow soils. In 
drier tropical forests, savannas develop first in areas of poorer andlor shallower 
soils, but with extreme drought stress they may develop even over fertile soils. 
Thus savannas are seen to develop in response to a dynamic interplay of soil 
and climate - and species available for establishment. Clearly, burning may 
augment any of the conditions tending to bring about savanna development 
and may lead to its extension. 

Menaut (19834 has recently reviewed probable causes of savanna and 
concluded that the superior adaptation of grasses to extreme seasonality and 
low orland variable moisture supply largely accounts for grass formations 
replacing or occurring with woody formations. He points out that at the 
regenerating stage woody plants and grasses are in competition and grasses 
have the advantage in infertile soils and regions of drought stress. Medina 
(1 983) has also emphasized the importance of adaptation to low soil nutrient 
status of many grasses. 

That all West African savanna represents a replacement of forest is question- 
able. As Livingstone (1975) has pointed out, Africa was never covered by 
forest, although there was great forest expansion 10000-7000 years RP SO that 
much of West Africa may have been forested and this niay have been replaced 
by savanna during subsequent drier periods. For about the last 3000 years, 
however, moister conditions have prevailed and savanna regions have become 
hospitable to a somewhat wider range of plants. 

2. Anthropic disturbance 

The question of whether or not savanna as defined would be present except in 
patches, where poorer soil and climate worked together for its development, 
without anthropic disturbance has still not been definitely answered. If savanna 
is undisturbed it moves towards woodland, would such woodland have a grass 
cover and fit our definition of savanna woodland or would grass disappear and 
the vegetation be dry i'orest? 
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Menaut (1977), working in Ivory Coast, reports that woodland savanna 
cannot normally develop unless the area has had some fire protection, but 
once this has been afforded 'transformation of an open shrub savanna into a 
dense savanna woodland seems irreversible whatever might be the future of 
the plots without any major climatic change'. Extensive savanna woodlands in 
West Africa which are annually burnt and yet still remain woodland bear out 
Menaut's latter contention. The question remains, however, whether grass 
would disappear from such woodland if burning ceased. 

The Olokemeji Fire Plots in derived savanna of south-western Nigeria were 
established in 1929-30. The fire-protected plot is now without grass and is a 
regrowth forest. This does not provide us with information as to what would 
happen in Guinea or Sudan savanna. The Red Volta Fire Plots in north-eastern 
Ghana are on the border of northern Guinea and Sudan savanna with a mean 
annual rainfall of c. 1100 mm. They were established in 1947 and the most 
recent report (Brookman-Amissah et a/., 1980) shows that in 1977 the 
fire-protected plots had a density of trees at least 30 cm in girth of 0.02 m-' 
which is comparable to the density of many areas of annually burnt savanna in 
Nigerian northern Guinea savanna. These plots had a grass biomass (182 g 
m-' dry matter) greater than that of the late burnt plots and greater than that of 
the annually burnt plots at the border of northern Guinea and Sudan savanna in 
north-western Nigeria as monitored by the Nigerian Man and Biosphere team 
in 1979 (Sanford et al., 1982b). Whether or not grass will continue in this plot 
cannot be known. It wil l depend on which is able to withstand full canopy 
shading better: grass species or woody plant saplings. Results of our current 
research indicate that several species of annual grasses (e.g. Pennisetum 
pedicellaturn, P. subangustum, Brachiaria spp.) and a few perennials (.e.g. 
Andropogon tectorum, A. gayanus, Beckeropsis uniseta) tolerate or prefer some 
shade and will continue growth under full canopy if the canopy is high. Small 
woody plants, however, and grasses are serious competitors. Thus, whether or 
not grass will continue in the fire-protected plot wil l probably depend on the 
size-class distribution of woody plants. At present, 84 per cent of the woody 
plants are less than 30 cm in girth in the Ghana plots; a stable situation for 
Guinea savanna is  82 per cent of plants less than 40 cm in girth (Sanford et al., 
1982a). The Ghana plot does not appear to be far from a stable distribution, 
and canopy shading by the larger trees may limit expansion of the percentage 
of saplings. Ultimately, whether or not grass continues, and whether or not the 
density of small woody plants wil l be limited and more or less stable, will 
depend upon an interplay of soil, climate, and species composition of the area. 

If land is cleared and cultivated, then abandoned to nature, the process of 
vegetational change, termed 'secondary succession', begins. In humid regions 
of rain-forest potential, such an open area is first dominated by annual forbs 
(e.g. Ageratum conyzoides, Synedrella nodiflora, Spigelia anthelrnia), annual 
sedges such as Mariscus alternifolius, and annual grasses such as Brachiaria 
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deflexa. Perennial forbs then begin to increase in number. In one of our tests in 
south-western Nigeria the mean number of species in five 2500 mL plots was 
19.6 the first year and 21.8 the second year with the mean rooted shoot density 
per square metre increasing from 123 to 273 and the percentage of broad- 
leaved plants increasing from 47.0 to 86.8. With further time, annual grasses 
such as Pennisetum subangustum and perennials such as Panicum maximum 
and Rottboellia exaltata dominated some plots while in others the broad-leaved 
Melanthera scandens and lpomoea involucrata remained most abundant. In all 
cases the broad-leaved composite Eupatorim odoratum became dominant and 
nearly the sole species four or five years after the succession began, to be 
gradually replaced by woody plants (first Trema orientalis and Musanga 
cecropioides). Only if the cleared area i s  annually burned will grasses continue 
to dominate after the third or fourth year. In such cases, Andropogon tectorum 
often becomes dominant in deep fertile soils and Monocymbium ceresiiforme 
and Loudetia spp. in shallow soil. 

In drier, more northern regions, the pattern of succession is quite different. 
Annual grasses dominate the first year with only a scattering of forbs (such as 
Blumea aurita, Borreria spp., Combretum sericeum). The only detailed record 
available for an appreciable period of time is for the north-eastern Ghana fire 
plots, referred to above, where grass continued to be domicant in the 
fire-protected area. The number of species of forbs, after 30 years of protection, 
was 20 compared to 16 in the early burnt and 15 in the late burnt area. These 
results suggest that climate without burning may bring about predominantly 
grass as the herbaceous vegetation in drier regions, but that in moister regions 
burning is necessary. In all cases either anthropic disturbance or cultivation or 
intense burning or locally very poor or shallow soil prevent savanna from 
moving towards woodland savanna as opposed to open or bush savanna. 
(Fig. 5.5). 

IV. Effects of fire 

I .  Time o f  burning and general effects 

Although burning has already been mentioned as a frequent contributory cause 
in the development and extension of savanna, it is necessary to discuss its 
effects further as it is almost invariably a management practice throughout 
West Africa. How long burning has been regularly practised is unknown. Man 
probably evolved in East African grasslands very long ago, but his transition 
from hunting and gathering to farming began only about 10000 years ago 
(Washburn, 1978) and burning before and considerably after that must have 
been very rare. It is of course true that burning may result from natural causes, 
but we have never accepted as in any way likely Rose Innes's (1 972) too often 
quoted suggestion that fires may start from sparks caused by boulders rolling 
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Fig 5 5 A reglon ot northern Gu~nea savanna whcre cu~t~ng and t~urn~ng over the 
years have led to a degraded Shrub Grassland. (Photograph by W. W. Sanford.) 

down slopes. Lightning does, on occasion, cause fires, but as Walter (1 971, p. 
239) remarks, fires caused by lightning are much less frequent than those 
caused by man and usually do not spread very far in natural woodland. 

Savanna is most often burnt, as Menaut (1 977) remarks, in the middle of the 
dry season -that is, usually during January, although some burning begins in 
mid or late December and extends through February. In areas of cattle 
migration, burning occurs shortly after the arrival of herds from more northerly 
ranges. As vegetation in the north dries and streams and water-holes evaporate, 
livestock move into more humid areas, first making use of crop residues and 
areas of still green grass along stream beds. Then, as drying continues, the 
savanna is burnt to clear away dead standing material and to stimulate new 
growth (flushing) of the grass. Tentative work by Opakunle, unpublished, 
indicates that either burning or clipping at ground level and removal of grass 
will bring about flushing but burning is more effective. (See Fig. 5.6). 

Such savanna burning besides removing, on the average, about 82 per cent 
of the herbaceous above-ground biomass (Isichei and Sanford, 1980) causes 
leaf shedding of most trees. This is followed by leaf flush, normally occurring in 
the late mid dry season (February in the Nigerian Guinea zone). Brookrnan- 
Amissah et al. (1 980) report, for the north-eastern Ghana experiment, that by 
March, 57 per cent of the trees in the fire-protected plot were in leaf, 76 per 
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cent in the early burnt (burnt four months earlier), and 43 per cent in the late 
burnt area, as yet unburnt. These data suggest that fire has some stimulating 
effect on tree flush, perhaps comparable to its effect on grass. That the effect is 
not brought about alone by difference in species composition is shown by the 
same difference in flushing time occurring for Entada africana and Combretum 
glutinosum which occur in all plots. 

2. Soil 

Soil organic matter is of great importance in improving soil texture and its 
water-holding capacity, in increasing cation exchange capacity, and in 
providing nitrogen. Because of high soil temperature, organic material is very 
rapidly mineralized in the tropics so its concentration in the soil is generally 
low. In some situations the carbon content of soil at a depth of 30-45 cm i s  
greater than at 0-15 cm. This condition, especially frequent in savanna 
woodland, may be brought about both by more rapid mineralization of humus 
near the soil surface, where temperatures are higher, and by the presence at 
lower levels of increased underground biomass of woody vegetation. Because 
of mineralization near the surface, litter fall is of surprisingly little importance 
in adding humus to the soil. Even though only about 18.4 per cent of the year's 

Fig. 5.6 Burning in early January in noisern Guinea bushland, northern Nigeria. 
(Photograph by P. 1. Newbould.) 
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leaf litter fall and 11.7 per cent of the wood fall is burnt by annual fires (lsichei 
and Sanford, 1980) there is not a significant positive relationship between litter 
fall and soil organic matter content (although there is between tree density and 
soil organic content at the 3 0 4 5  cm depth). It is very unlikely that organic 
matter in the upper level of soil i s  oxidized by the annual fires, as soil 
temperature at a depth of 2 cm i s  raised by 14 "C at most and often by as little 
as 3 4  "C, and then only for a few minutes during burning (Ramsay and Rose 
Innes, 1963). However, removal of shading material by burning will lead to 
higher soil temperatures during the remainder of the dry season and this will 
lead to more rapid mineralization. Brookman-Amissah et a / .  (1980) found a 
significant decrease of organic matter with burning at the 0-5 cm depth but not 
at lower depths, although a statistically insignificant trend towards more 
organic matter beneath fire-protected vegetation can be seen from their data. 
Moore (1960), working at the Olokemeji Fire Plots 30 years after the 
commencement of controlled burning, found the humus content of the upper 
20 cm of soil higher under early burnt vegetation than under the fire-protected 
plot, but lower under the late burnt vegetation than under that which was fire 
protected. His data were not, however, subject to statistical analysis so it is 
impossible to know whether or not the differences reported are significant. 
lsichei (1979) has reported soil carbon concentrations of the same plots 50 
years after controlled burning began and found the same relationships as 
Moore at the 0-1 5 cm depth. 

Moore (1960) and lsichei (1979) reported the same trend for soil total 
Kjeldahl nitrogen at Olokemeji as for carbon except that lsichei found little 
variation from plot to plot at the 3 W 5  cm depth. Brookman-Amissah et a/.  
(1980) found significant difference only at the 0-5 cm level. 

The two elements, carbon and nitrogen, are most likely to be affected by 
burning as they are volatilized in material burnt and lost from the system. Other 
nutrients, excepting sulphur, are returned to the soil in the ash, although they 
may be displaced by wind and water. Considerable attention has been given to 
nitrogen loss through burning. Values as high as 28.02 kg ha-' or 0.28 g m-' 
(25 Ib per acre) for tall grass in the derived zone of Ghana have been reported 
(Nye and Greenland, 1960, p.54), but lsichei and Sanford (1 980) estimate that 
in natural (unimproved) savanna only about 13 kg ha-' yr-' (range of from 11 
to 16 kg ha-' or from 0.1 1 to 0.16 g m-') are lost by burning. Clearly, an 
equivalent amount must be added to the system if deterioration is not to 
occur. As we have shown above, considerable input of nitrogen comes from 
rain and from biological fixation and this explains why there is little if any 
difference in nitrogen content of the soil with annual burning. 

Sanford (19824 in a review of burning has stated: 'on the whole, climate 
appears more important than burning in limiting the concentration of organic 
matter in the soil through its effect on the rate of mineralization. Most soil 
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carbon appears to be derived from underground biomass.' Nitrogen more or 
less follows carbon. 

Burning temporarily raises soil pH slightly. In some soils, especially in the 
derived savanna, texture may be improved by burning (Fagbenro, 1982) but in 
others, especially in northern Guinea regions, surface compaction may result, 
as indicated by the increase in bulk density reported by Brookman-Amissah et 
a / .  (1980). Considerable redistribution of non-volatile minerals occurs on a 
micro-scale with wind movement of ash and also some, via rain, on a larger 
scale. All in all, however, annual burning has little effect on the soil and 
whatever effects are observed are more dependent on vegetational change 
brought about by burning than by burning itself. 

3. Vegetation 

(a) Physiognomy and structure 
If one looks at the Olokemeji Fire Plots today, 51 years after the controlled 
burning experiment started, one sees, regrowth rain forest in the fire-protected 
plot, while the early burnt plot superficially has the structure and physiognomy 
of southern Guinea savanna and the late burnt plot looks like northern Guinea 
savanna. Using only physiognomic characters lsichei carried out principal 
components analysis of the three Olokemeji plots together with 14 sites 
including all types of savanna. The results are shown in Figure 5.7. Clear 
clumping of the Olokemeji plots at the extreme right is seen on the ordination 
of the first and second axes. These results indicate that while annual burning 
affects structure and physiognomy of vegetation, 50 years is not enough to turn 
derived savanna into Guinea savanna. 

The characters most affected by burning are shown in Table 5.2 (taken from 
Sanford, 1980). These characters are useful in classifying vegetation, as wil l be 
discussed below. As can be seen from Table 5.3, the percentage of woody 
legumes increases with burning in derived savanna. This was also true in the 
north-eastern Ghana experiements. Here the highest percentage of legumes 
was found in the early burnt plots in 1960, but by 1976 the percentage of 
woody legume individuals was 73 per cent in the late burnt plots, 66 per cent 
in the early burnt plots, and 52 per cent in the fire-protected plots. 

Of  particular interest is the effect of burning on succession and stability in 
savanna. The demographic changes in woody plant populations at Olokemeji 
are shown in Table 5.4 (also from Sanford, 1982a). From these results it can be 
seen that burning, by removal of small saplings, results in a lalger mean girth 
and hence a distinctive size-class distribution. A stable girth size distribution is 
reached in less time in burnt than in unburnt vegetation, and probably in less 
time in late burnt than in early burnt vegetation (Sanford, 19824. One reason 
for this is the restricted number of species which can survive the more intense 
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Fig. 5.7. Principal components ordination of 1 7  savanna sites in Nigeria using 
characters given in Table 5.2, and listed by site name and location and vegetation type 
(Keay classification). 
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Igbeti: 0B046'N, 04'09'E; 
Borgu, Oli River: 10°06'N, 3'38'E; 
Borgu, Tungan Giwa: 10°06'N, 3"3B1E; 
Olokemeji Plot A: 7"26'N, 3'32'E; 
Olokemeji Plot 6: 7"2h1N, 3"32'E; 
Olokemeji Plot C: 7"26'N, 3'32'E; 
Near Gidan Waya: 09"37'N, 08O24'E; 
Near Tungan Giwa: 10°06'N, 3O38'E 
Oli River bank: 1Oo6'N, 3"38'E; 
Vom Hills, Plateau: 09'41 'N, 0B044'E; 
Near Gusau: 13"24'N, 05'1 O'E; 
Km 313 Sokoto-Zaria Road: 1 1°07'N, 07"44'E; 
NearZaria: 1 1°07'N, 07"44'E; 
Km 132 Kaduna-Jos: 09"55'N, 0B053'E; 
Near Keffi: 1 O01 7'N, 08'40'E; 
25 miles N of Sokoto: 13"04'N, 05"16'E; 
Gurara falls near Suleja: 08"12'N, Oh041'E; 

southern Guinea. 
northern Guinea. 
northern Guinea. 
derived savanna. 
derived savanna. 
derived savanna. 
southern Guinea. 
northern Guinea. 
northern Guinea. 
plateau savanna. 
Sudan savanna. 

Sudan savanna. 
Sudan savanna. 
Sudan savanna. 
southern Guinea savanna. 

Sudan savanna. 
southern Guinea. 

late burning together with discouragement of  the immigration of new species 
(Fig. 5.8). 

Some idea of the relative stability of vegetation may be gained from species 
diversity estimates, although this relationship is still controversial. It has usually 
been claimed that diversity increases with successional age and that maximum 
diversity is associated with climax. North American studies of old fields (e.g. 
Bazzaz, 1975) have generally shown that there is an initial rapid increase in 
diversity followed by an abrupt drop (as in the example given earlier, where 
species diversity increased until an abrupt drop was brought about by 
dominance of Eupatorium odoraturn), then a slow rise (in our example as 
woody plants began to supplant Eupatorium). Odum (1969), however, has 
suggested that theoretically species diversity should decline somewhat at 
climax, and Connell (1 978), at least for tropical forest, has presented evidence 
that at climax the vegetation is dominated by one or a few most successful 
species so diversity is low. This is in logical agreement with May's (1  973) 
contention that increased diversity confers increased fragility upon a system - 
at least as mathematically modelled. 

Species diversity, evenness, and richness are shown for the Olokemeji and 
Red Volta (Ghana) Fire Plots in Table 5.5 (Sanford 1982a from data of Isichei, 
1979, and Brookman-Amissah et a/. ,  1980). Increased evenness is probably 
positively related to increased stability, and a tendency for evenness to 
increase with burning is clear in both data sets. Species diversity, on the other 
hand, is consistently highest in tire-protected plots as is species richness. 

(b) Life-form 
Considerable controversy has been engendered concerning the effect of late 
and early burning on the proportion of perennial to annual grasses. Examina- 
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Table 5.2. MAB-3: Field data sheet. Physiognomic/Structural Savanna Vegetation 
Survey 
Site: ................. Locality: ........... Date: ............... Enumerator: ........... 

Attribute Rank 
- -- 

A. Tree height and canopy 
1. Canopy: no closure; patchy cover; c. 50% closure; 

almost complete closure 
2. Trees over 10 m: none, very few; 10-25%; 25-50%; 

over 50% 
3. Treeslshrubs 3-6 m: (rank as above) 
4. Treeslshrubs under 3 m: (rank as above) 
5. Treeslshrubs under 3 m: mostly scattered; some in 

clumps or thickets; moderately clumped; extensive 
thickets 

B. Leaflleaflet characters o f  woody elements 
6 .  Compound: none, very few; 10-25%; 25-50%; >SO% 
7. Less than 5 cm long (rank as above) 
8. Over 10 cm long (rank as above) 
9.  Pubescent, hairy or glaucous (rank as above) 

10. Tip acuminate (rank as above) 

C. Tree/shrub habit and appearance 
11. High-branched, first branch over 6 m from ground (rank 

as above) 
12. Low-branched, first branch less than 2 m from ground 

(rank as above) 
13. Branches of trees over 5 m tall at an angle of c. 45" or 

less with bole (rank as above) 
14. Branches crooked or twisted (rank as above) 
15. Boles slanting, crooked or twisted (rank as above) 
16. Bark dark and prominently fissured or flaky (rank as 

above) 

D. Taxonomic features o f  woody elements 
17. Elaeis guineenis: none; few; moderate; many 
18. Leguminosae: none or very few; 10-25%; 25-50%; 

over 50% of woody plants present 

E. Herbaceous vegetation: life-form and taxonomic features 
19. Grass over 2 m high (rank as above, on cover basis) 
20. Grass under 1 m high (rank as above, on cover basis) 
21. Broad-leaved herbs (rank as above, on cover basis) 
22. Leguminosae: none or very few; 10-25% of broad- 

leaved herbs present; 25-50%; over 50% broad-leaved 
herbs present 

23. Cyperaceae: none or very few; some in small patches; 
moderate amount, spread; many spread or in large 
patches 
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Table 5.2. (continued) 

Site: ................. Locality: ........... Date: . . . . . . . . . . . . . . .  Enumerator: ........... 

Attribute Rank 

24. Aloe (rank as above, No. 23) 
25. Succulent Euphorbiaceae (rank as above, No. 23) 

F. Surface soil and topography 
26. Slope: none; gentle slope; moderate; steep 
27. Bare ground: not visible; in few small patches; scattered 

patches; large patches present 
28. Surface soil: red-brown; light brown; grey; dark grey- 

black 
29. Surface soil: gravelly; sandy; some clay; much clay 
30. Termite mounds: none; few; moderate; many (all types 

of above-ground mounds) 

G. The eight (8) most abundant woody plants, in  order o f  abundance 
1. 

H. Tf~e four (4) most abundant grasses, in  order o f  a b l ~ n d ~ n c e  
1. 

tion of available quantitative data has led us to conclude that in the relatively 
moist derived savanna areas, burning time and perennial : annual grass ratios 
are not significantly related. lsichei has shown that in the late burnt Olokerneji 
plot about 92 per cent of the yield was of perennial grasses and in the early 
burnt plot about 91 per cent (both on the basis of dry weight). In drier, more 
marginal regions there does not seem to be any relationship of the ratio with 
burning time, but more annuals are found in fire-protected than in burnt areas 
in the Ghana experiments. Afolayan (1979), working in northern Guinea 
savanna in Nigeria, has reported a tendency for an increase of perennials with 
late burning, but statistical significance is lacking. 
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Table 5.3. A comparison of physiognomic/structural attribute scores of the early and 
late-burnt fire plots at Olokemeji Forest Reserve with those of the fire-protected plot 

Attribute scores expressed as percentage o i  
the fire-protected plot score 

- - - - - - - -. .- -- ~ ~ 

Attribute 
Difference 

Plot B Plot A between A 
(early burnt) (late burnt) ancl B 

-~ - p~ . 

Group I 
Canopy closed 8 6 53 3 3 
Leaveslleaflets glabrous, glossy 9 5 7 5 2 0 
Trees high-branched; above 6 m 8 5 46 39 
Boleslbranches + straight 7 6 4 1 35 
Bark smooth, light coloured 7 6 4 7 2 9 
Leaveslleaflets over 12 cm long 7 6 76 0 

Group Ih 
Branches acutely angled with the 

bole 100 6 3 37 
Trees over 9 m tall 106 69 3 7 
Leaves compound 150 7 5 75 

Group I1 
Bark fissured, dark coloured 133 167 .'% 4 
Grass over 1.5 m high 271 285 1 5  
Leaveslleaflets pubescent, hairy 100 120 2 0 
Trees branched at above 1.5 m 138 175 37 
Branches, boles crooked or twisted 162 188 26 

Group 110 
Woody Leguminosae 220 100 40 

Table 5.4. Demography of the three Olokeme]~ F~re Plot\, south-westcrn N~jierla 

Condition in 1976 Population change between 1969 anti 1976'X) 

Number of Dead or New New Specie3 
individuals Species Mean girth missing inciivictuals specie3 extinctions 

Plot" A 133 14 34.6 12 15 0 14 
B 236 2 4 34.2 11 25 4 8 
C 456 33 27.4 15 2 6 5 18 

.' A-late burnt; B--early burnt; C-fire protected. The percentage of species with 
dead individuals and no new individuals is 29% in A, 25% in B, and 37'X in C. 
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Fig 5.8. Fire scar on the bole of Crossopteryx iebriiuga in northern Guinea bushland. 
Both this species and Afzelia airicana almost invariably bear fire scars and probably a 
high percentage of the young saplings are killed by fire. (Photograph by W. W. Sanford.) 
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Table 5.5.  Species diversity, evenness, and richness of the fire plots of Olokemeji, 
Nigeria, and Red Volta, Ghana 

Olokemeji 7 976 
Late burnt 
Early burnt 
Not burnt 

Ghana 
Late burnt 

1950 
1977 

Early burnt 
1950 
1977 

Not burnt 
1950 
1977 

Diversity Evenness,' Richness 
. 

Spp. num- 
ber/ 

log,. area 

C = the Sirnpson coefficient: ~ / Z P , ~ ,  where pi is the percentage of individuals of the 
ith species; N = total number of species. 

Species distribution of grasses appears to be largely controlled by soil fertility 
and depth, tree canopy cover (i.e. shading), and mechanical disturbance. 
Some species such as Loudetia spp., Monocymbium ceresiiforme, and Schi- 
zachyrium exile can manage in poor, shallow soils, while others such as 
Andropogon tectorum require deep, fertile soils. Species such as Hyparrhenia 
spp. and Schizachyrium spp. do best in full sun, while other such as 
Andropogon spp. and Beckeropsis uniseta do best in light shade. In general, 
frequent mechanical disturbance leads to an abundance of annuals and such 
weedy perennials as Rottboellia exaltata and Sporobolus pyramidalis. 

In summary, annual burning leads to a relatively stable vegetation from the 
standpoints of structure and size-class distribution of trees and general 
physiognomy. Species diversity decreases with burning as does species 
richness, but evenness increases. Various physiognomic characters are in- 
fiuenced by burning, especially canopy closure which is decreased, due to the 
prevalence of high branching; mean tree height is decreased, mean girth is 
increased. With burning, species are selected which have smaller leaves; 
pubescent or glaucous leaves are more common as are compound leaves. 
Taxonomically, the percentage of woody legumes increases with burning. 
Time of burning does not appear to influence the proportion of annual to 
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perennial grasses. Grass species distribution is influenced rather by soil, 
mechanical disturbance, and shading; the latter is, however, strongly affected 
by the burning regime. 

4. Primary production 

(a) Woodyplants 
Most data relating burning to primary production consist of stem counts or 
basal area estimates of woody plants. A few examples make the general trend 
clear. After 47 years of controlled burning at Olokemeji, the late burnt plot 
contained 16 per cent of the total number of stems of the three fire plots 
combined, the early burnt 29 per cent, and the fire protected 55 per cent. An 
estimation of wood volume (Isichei, 1979), however, gives a different picture: 
the late burnt plot contained 15 per cent of the total volume of the three plots, 
the early burnt 48 per cent, and the fire protected 37 per cent. The high volume 
of the early burnt plot is accounted for by the larger mean girth of the trees in 
this plot. Other data from derived savanna are those from the fire experiments 
at Kokondekro in Ivory Coast (reported by Ramsay and Rose Innes, 1963). After 
25 years of controlled burning, the late burnt plot contained 17 per cent of the 
total stems, the early burnt 36 per cent, and the fire protected 47 per cent. 
These figures are not so different from those from Olokemeji, even though 
Kokondekro was not initially clear-felled as was Olokemeji. The only detailed 
data from 'true' savanna are those from the Red Volta (Ghana) Plots. Here, after 
27 years, the late burnt plot contained only 7.5 per cent of the stems over 30 
cm in girth, the early burnt 15.6 per cent, and the fire protected 77 per cent, 
indicating a considerably greater effect of burning in the drier region than in the 
more humid areas. 

(6) Herbaceous plants 
Other than firewood, the major products of the savanna are livestock fodder, 
thatching, and mat-fencing materials - all herbaceous. lsichei (1979) has 
compared herbaceous maximum standing crop in the three fire plots at 
Olokemeji over a three-year period. The late burnt plot averaged 496 k 68 g 
m-' dry weight while the early burnt averaged 400 t 43 g mP2 - not a 
comfortably large difference, while the fire-protected plot produced virtually 
no herbaceous crop. The late burnt yearly mean was greater than that of the 
early burnt two years out of three. 

Afolayan (1 977, 1978) has compared maximum herbaceous standing crop 
in savanna of three vegetation types at Kainji Lake National Park, north- 
western Nigeria, ranging from very open savanna to woodland. The areas had 
previously been burnt annually, probably in January, for many years. Without 
clear felling, Afolayan subjected the plots to controlled burning for two years. 
Grass dry weight ranged from 88 to 264 g mP2 in the fire-protected plots, from 
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110 to 393 g m-2 in the early burnt, and from 244 to 622 g m-' in the late 
burnt plots, with late burnt plots in comparable vegetation always having the 
greatest yield. lsichei (1 979) reported two-year mean values of 324 g m-' for 
open savanna and 259 g m-' for woodland, both burnt in January. Very 
interestingly, Afolayan's data allow estimation of grass growth rates, using the 
exponential equation 

and analysis of variance shows significant difference between rates with 
burning treatment at P<0.01. Growth rates were highest in unburnt and early 
burnt plots (0.49, 0.47) and lowest in late burnt (0.42) where the greatest yield 
was achieved. Examination of regression equations (time : yield) show that the 
highest Y-intercept occurs with the late burnt plots, indicating that the most 
grass is already present at the beginning of the growing season. This initial grass 
may represent the flush stimulated by late burning, whereas the fiush stimu- 
lated by early burning may have been unable to withstand the long period 
before the rains and so dried away. That this might be so is suggested by there 
being little difference between late and early burning yields in derived savanna 
(Olokemeji) where, because of moister conditions, early flush may survive 
until the rains. 

On the other hand, Opakunle's current work (unpublished) shows that the 
growth rate itself is greater at least in the first month in unburnt grass. 

The Red Volta (Ghana) data differ sharply from both the derived (Olokemeji) 
and the northern Guinea (Kainji Lake) data in that the grass biomass (dry 
weight) is significantly the greatest in the early burnt plots (260 g m-') and 
greater in the fire protected (1 82 g m-') that in the late burnt plots (1 44 g m-'). 
This suggests that in the drier, northern savanna shading may be conducive to 
grass growth, possibly through amelioration of temperature with consequent 
reduction of transpiration and respiration (Sanford et a/., 1982b). 

(c) Summary 
Very obviously, fire decreases the density of woody stems and late (intense) 
burning has a greater effect than early burning. In very humid savanna (as in 
derived savanna regions) the wood volume may sometimes be greater in early 
burnt plots than in fire protected ones in early successional stages, as smaller 
mean girth in the fire-protected area may not be compensated for by the 
increase in stem density. 

The effect of fire on herbaceous production varies greatly with climate. In 
drier, more marginal regions early burning or even fire protection may result in 
higher grass yields than late burning. In the southern derived savanna, time of 
burning makes little difference in yield, but somewhat greater yield is achieved 
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with late burning. In intermediate (Guinea savanna) regions, late burning 
usually appears to increase grass above-ground biomass, although no results of 
long-term experiments are available. 

V. The Savanna Zones of West Africa 

So far, an attempt has been made to define savanna and to review its probable 
causes. The zonation scheme of Keay (1959) and Aubreville et a/. (1958) has 
been consistently used. The most difficult task remains: the attempt to express 
what is actually meant by these zones. 

Papadakis (1965) has published a useful synthesis of the vegetation maps of 
West African countries. He uses the terms coastal savanna, transition forest 
(between rain forest and Guinea savanna), Guinea savanna, Sudan savanna, 
thorny tree or shrub (Sahel) savanna and montane savanna. This differs from 
Keay, but is in agreement with Chevalier (1900) in not separating Guinea 
savanna into southern and northern Guinea. Keay argues for this separation in 
his Outline of Nigerian Vegetation, but we have found, at least from the 
standpoints of management and agricultural potential, that the separation is not 
particularly useful: in practice it is certainly often difficult to make the 
distinction except perhaps on purely climatic grounds. (It may be argued that 
Clayton's (1  957) separation of Sudan into sub-Sudan and Sudan savannas is 
more meaningful, but this has not been found useful in practice either.) 
Papadakis's use of 'montane' is somewhat looser than we would accept. We 
find Boughey's (1955) classification for tropical Africa more realistic in which 
'montane' refers to vegetation found above 3000 m. According to this usage, 
montane savanna would be found in West Africa only on Mount Cameroun 
and on the island of Bioko. Hall and Medler (1 975.3, b) use the term 'highland' 
for vegetation above 1220 m (4000 it). Most West African high areas could thus 
well be termed either highland or sub-montane savanna and woodland. We 
find that vegetation changes appreciably even when the elevation reaches only 
760 m; this corresponds with the demarcation between Boughey's lowland 
and foothill zones. The factor largely responsible for change, as one of us has 
discussed previously (Sanford, 1974) is moisture availability. (It should be 
realized, however, that the classification of vegetation according to elev a t' lon 
alone is fraught with many of the same difficulties as classifying it according to 
climate or soil alone.) 

I .  ConventioriaI zonation 

Most recently, White (1983) has completed the UNESCOIAETFATIUNSO 
Vegetation Map of Africa (Fig. 1.1). 'Savanna' is not used at all because the 
author not only finds its definition lacking in precision but also considers it a 
foreign word to Africa. (It comes via the Spanish from the language of the 
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Caribbean Indians and was first used in 1535 by Ovi6do to designate clearings 
in the forest. It is difficult to see that this term is any more foreign to Africa than 
the English and French terms so widely used.) The approximate equivalents 
from this most recent work wil l be added at appropriate points in this chapter. 

The conventional zonation most current in West Africa wil l very briefly be 
reviewed and then a summary of our suggested, more detailed classification of 
savanna more or less as we presented it at the Nigerian Man and Biosphere 
Workshop in New Bussa (Sanford, 1982b) wil l be proposed. 

(a) Guinea Savanna 
Southern Guinea and transition or derived savanna are classed by White (1  903) 
as mosaic lowland rain forest and secondary grassland with most of the region 
being Guineo-Congolian in vegetation with the more northerly region a mosaic 
of lowland rain forest, lsoberlinid woodland and secondary grasslcincl. This 
implies that the entire region is 'derived' -a position with which we disagree. 

The northern Guinea zone is termed Sudanian woodland with abundant 
Isoberlinia. 

Guinea savanna (the zone of gallery forest of Rousseau (19321, 'f0ri.t 
clairieree tropophile', Jacques-Felix, 1950, 1951) is a region of high grass at 
least 1.2 m tall; characterized by such trees as Lophira lanccolata, Daniellia 
oliveri, Parkia clappertoniana, lsoberlinia doka and I. tomentosa, various 
Combretum spp., and Terminalia spp. These may be close enough together to 
form a closed or nearly closed - although light and irregular - canopy 
(woodland), or scattered (bushland or open savanna), or species o i  economic 
use, particularly P. clappertoniana, Butyrosperrnum paradoxurn and Adanso- 
nia digitata, may be scattered at some distance apart in open grassland almost 
free of shrubs or smaller trees (parkland). Keay (1959a) describes southern 
Guinea as open woodland with high grasses from 1.5 to 3 m tall, trees up to 
12-1 5 m (rarely up to 30 m) high with rather short boles and broad leaves. The 
trees Lophira lanceolata, Daniellia oliveri, Afzelia africana, Hymenocardia 
acida, Piliostignia thonningii, and Vitex doniana are especially common. The 
grasses are mainly Andropogon spp., Hyparrhenia spp., Schizachyrium spp., 
and Penniseturn spp. Transition or derived savanna (Fig. 5.9) is intermediate 
between lowland rain forest and southern Guinea savanna and is considered 
anthropogenic both in origin and maintenance - in other words, it is largely 
defined by its presumed cause. This becomes a sticky problem in logic when 
we consider that southern Guinea savanna is also otten thought to be caused 
andlor maintained by man. One can try to fall back on age and say that derived 
savanna is more recently anthropogenically formed. In practice, however, the 
difference is broadly physiognomic and structural, with derived savanna being 
largely in mosaic patches or in very irregular bands containing a number of 
forest trees and many oil-palms (Elaeis guineensis); the grass, Andropogon 
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Fig. 5.9. Transition or derived savanna, with a dense stand of Anclropogon tectorum In 
the foreground and a mixture of small savanna and forest trees in the background. 
(Photograph by W. W. Sanford.) 

tectorum, is especially abundant, and this gradually almost drops out as one 
proceeds northward into Guinea savanna. 

Coastal savanna i s  in our opinion a form of Guinea or humid savanna closely 
allied to transition (derived) savanna. Keay (1959b), in his explanatory notes 
for the vegetation map of Africa south of the Tropic of Cancer, terms this 
formation 'coastal forest-savanna mosaic' or, in the Ghana region, 'coastal 
scrub and grassland zone', noting that because of the high atmospheric 
moisture derived from the nearby sea, the vegetation is somewhat different 
from inland regions of the same annual rainfall. The species found tend to be a 
mixture of inland savanna species and forest species. White (1983) terms this 
'West African coastal mosaic' occupying an anomalous dry area of the 
extensive zone of transition between Guineo-Congolian and Sudanian regions. 
Such vegetation occupies a strip about 25 km wide along the coast from about 
lo W to 2" 40' E, although any exact border is impossible to set as it is 
continuous with what can be termed typical Guinea savanna (sensu Keay, 
1959a). (It should be noted that this latter type of vegetation dips southward 
from western Nigeria through Ghana.) Coastal savanna has been largely 
determined by the moisture regime in the first place, and secondarily by very 
long-term grazing, land clearing, etc. The more or less open grasslands 
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extending all the way to the sea in this area long ago very probably contributed 
to the early rise and power of the kingdom o i  Dahomey and later to foreign 
colonization and the slave trade. Savanna is much niorc hospitable to the 
deeds of men, whether they be peaceful or violent, than is forest. (And of 
course man arose from hominoid ancestral animals in the arid and semi-arid 
savannas of East Africa around Lake Turkana rather than in forested Africa or 
moist, fertile Mesopotamia.) 

The rainfallfevapotranspiration ratio begins to decrease as we move from 
central Nigeria westward at about lbadan (ratio of 1.00). South-west of this 
city, at Pobe on the Nigeria-Republic of Benin border, the ratio is also 1 .OO 
even though this site is much nearer the sea and rainfall generally increases 
seawardly. The ratio at Ondo, Nigeria, at the same latitude but eastward is 
1.49. Lagos, Nigeria, on the sea, has a ratio of 2.10, while Cotonou, Benin, 
also on the sea, has a ratio of 1.38; further west at Ouidah, Benin, the ratio has 
dropped to 0.99 and at Lomi., Togo, to 0.89. At Accra, Ghana, the ratio is only 
0.70. These ratios correspond to those found in typical derived and southern 
Guinea savanna zones (see Section Ill. 1, above). Westward from here, the 
ratio again rises so that at Takoradi, Chana, it is 1.36 and at Axim, 2.60. 

This strange climatic dip has lead to the vegetational anomaly long termed 
the 'Dahomey Gap' which is ancient enough to have affected the West African 
distribution of birds (Moreau, 1966, 1969) and permitted some speciation in 
plants as well. In general, the coastal vegetation of Ivory Coast is similar to that 
of Cameroun and the extreme south-east of Nigeria, but a number of 
differences occur. The Accra plains have a remarkable concentration ot 
endemic and disjunct species (Jenik and Hall, 1976). 

East of Accra, there are extensive regions of impacted soils with such poor 
drainage that low-lying pockets are seasonally waterlogged, while higher 
ground is occupied by steppe-like vegetation - low grasses, often with rolled 
or cylindrical leaves, and sparsely scattered small shrubs. Some areas are 
almost completely bare. Slightly further inland, hills are covered with woody 
vegetation typical of transition savanna woodland of Nigeria and are sur- 
rounded by open grass plains, maintained in such an open condition by 
semi-nomadic grazing. This is in contrast with the more humid plaints west of 
Accra where farming is common. Thus the Ghana coastal plains east o i  Accra 
are very different from the western portion (often differentiated as the Winneba 
Plains). The coastal savanna of Benin and Togo varies from littoral sand 
communities of coconut palms and brackish marshes to scrub vegetation 
resembling highly disturbed transition savanna. 

While the savanna of the coastal regions of Benin, Togo, and central and 
eastern Ghana have been brought about primarily by the climate and 
secondarily by man who, acting as positive feedback, has followed this more 
open vegetation to the sea and made it more open still by his activities, soil has 
had considerable effect as well. The soils of the Dahomey Gap are in general 
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poor. Both ferrisols and ferrallitic soils occur (Ahn, 1970). The ferrisols tend to 
be richer and better structured than most tropical soils of comparable depth, 
while the ferrallitic soils have a low cation exchange capacity and are 
characterized by advanced leaching and weathering. In the area of lowest 
rainfalI/evapotranspiration ratios, the better ferrisols may possibly somewhat 
compensate for the unfavorable moisture regime so that small patches of dense 
vegetation are not uncommon and many forest species manage to survive. 
Usually, however, forest remnants are associated with topography, occupying 
valleys which not only accumulate richer, deeper soil but also are sheltered 
from drying winds. On the other hand, richer soils have lead to more intensive 
agriculture. That woody vegetation is often almost entirely missing is the result 
of man's continual interference. The most detailed studies of the vegetation of 
the Accra plains are those of Jenik and Hall (1976) and Liebermann (1 982). 

Northern Guinea savanna is more similar to the East African 'miombo' and is 
a generally open woodland or 'bushland' with grasses somewhat shorter than 
in southern Guinea savanna. Trees with compound leaves become relatively 
more abundant. Particularly frequent species are lsoberlinia doka and I. 
tornentosa, Terrninalia avicennioides, Detariurn microcarpurn, Piliostigrna 
thonningii, Parinari polyandra and P. curatelliiolia (=Maranthes spp.), Burkea 
africana, many Combreturn spp. Grasses are mainly Andropogon, Hyparrhe- 
nia, and Schizachyrium spp. (Fig. 5.10). 

(6) Sudan Savanna 
This zone is not differentiated from northern Guinea by White (1 983) but is said 
to be composed of Sudanian woodland with abundant Isoberlinia, Sudanian 
undifferentiated woodland with islands of lsoberlinia and, in the northernmost 
areas, undifferentiated woodland. Keay's Sahel savanna becomes Sahel Acacia 
wooded grassland and deciduous bushland. 

The Sudan zone is termed 'savane typique' and said to be characterized by 
Butyrosperrnurn paradoxum by Rousseau (1932), and 'forPt clairieree tro- 
pophile' characterized by Butyrospermurn and I. doka by Jacques-Felix (1 950, 
1951 1. It is often open grassland or parkland with scattered Butyrospermurn or 
Adansonia trees or low woodland or bushland. Grasses are lower, usually 
under 1.2 m tall. Cultivation is very extensive, particularly of millet and 
guinea-corn, and this is probably responsible for the greater prevalence of 
bushland and parkland as opposed to woodland. The lower grasses may also 
derive from cultivation, often being colonizing weedy species, with annuals 
abundant. Woody plants are Acacia spp., many Combretaceae (especially 
noticeable is Cuiera senegalensis), Piliostigma thonningii and now P. reticula- 
tum, Balanites aegyptiaca, Adansonia digitata, Capparis spp., Monotes ker- 
stingii, and Anogeissus leiocarpus, which is distributed from the fringing rain 
forest to Sahel scrub but is often particularly noticeable here as a larger tree, 
many times in clumps of several. It is interesting to note that Anogeissus, 
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Fig. 5.10. Mature bushland in northern Guinea s'lvanna after January burning. 
(Photograph by Sheila Jeyifo). 
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Balanites, Monotes, and occasional Adansonia extend into the Sahel area to a 
limited degree. (It should be emphasized, in case anyone thinks taxonomic 
descriptions of vegetation zones too easy, that most of the woody species 
mentioned extend from the derived savanna zone throughout the Guinea 
savanna and into the Sudan zone but vary in abundance.) (Fig. 5.1 1 ). 

(c) Upland Savanna 
Highland or submontane grasslands (montane elements of White, 1983) are 
well developed in the Moka area of the island ot Bioko, in the western 
Cameroun highlands and in the Obudu and Mambila plateaus of Nigeria: all of 
these highlands are related in geological formation, having been formed by 
volcanic action. In all of the areas, there is sufticient moisture for forest growth 
and often fertile soil as well, although because of very heavy rainiall leaching is 
extensive wherever vegetation cover has been removed. Open grassland has 
apparently been maintained largely by animal overgrazing and cutting and 
burning by man, but in some local areas, leaching and erosion have been 
extensive enough in the past to create edaphic grasslands. Species lists of a 
typical West African highland (the Obudu Plateau, Nigeria) are given by Hall 
and Medler (1 975a, b; see also Hall, 1971 ). These highland areas are usually 
open grassland in which the grasses are less than 1 m tall; most common 
species include Eragrostis spp., Hyparrheriia spp., Sporobolus spp. - espe- 

Fig. 5.1 1. On the border between Sudan savanna and Sahelian scrub, near Maiduguri, 
north-eastern Nigeria, in early July. (Photograph by W. W. Sanford.) 
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cially S. africanus, with a very few woody plants except in the ravines where 
forests or woodlands commonly develop. Woodland in such local areas is 
probably accounted for both by deeper and more fertile soil and by less 
disturbance from man because of its inconvenience for farming, etc. Tree 
species found are those of montane and submontane forests. The common 
temperate zone fern, Osmunda regalis, is often found along watercourses 
where there is no tree shading, and Ptcridium aquilinum, the temperate zone 
'bracken', may occur in extensive, almost closed stands (Fig. 5.1 2). 

(d) A proposed savanna classificC7tiori 
One of us (Sanford, 1982b) has worked out a scheme for savanna classification 
and mapping which is currently in the experimental stage. The aim is to 
provide a feasible system from the standpoint of labour input which at the same 
time provides practical information on a scale of detail suitable for manage- 
ment planning. The conventional zonation terms are retained as the 
franlework, but they are defined climatologically. The second hierarchical step 
concerns soil and topography; the third, physiognoniic and structural features 
of the vegetation; the fourth, taxonomic features. This scheme is outlined 
below. 

I .  Climatic-ecological Length o i  rainy season Precipitation1 
zone (days) evapotranspiration 

(a) Transition savanna > 200 
(b) Gcrinea savanna 150-200 
(c) Sudan savanna 110-150 
id) Sahel short grassland < 110 

2. Topography and soil 
Topography: Broken (i.e. ironstone ridges, inselbergs, small hills and valleys, 

mountains) with local slopes: (1)  steep, (2) moderate, (3) gradual; 
undulating; plain. 

Soil: Ferrallitic (Food and Agriculture Organization ferrasols) (1 ) yellow- 
brown; (2) red, ferruginous (FA0 ferric luvisols) (1) on sandy parent 
material, (2) on crystalline acid rocks, ( 3 )  non-differentiated. Ferrisols 
(weakly developed soils and rocky areas) (1) young soils, (2) lithosols, 
(3) soils on iron-pan crusts. Brown and red soils of arid and semi-arid 
regions. Volcanic soils or soils with volcanic elements: sandiclay ratio; 
percentage organic matter (or C). 
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3.  Physiognomic and Structural Features ofthe Vegetation 
Overall physiognomy based on woody plant density: 
(a) Woodland: Woody plant density - one tree per less than 40 mL, of which 

at least 35 per cent are over 30 cm in girth. 
(b) Tree savanna: Woody plant density - one tree per from 40 to 100 rn' of 

which over 35 per cent are over 30 crn in girth. 
(c) Bushland: Woody plant density - one tree or shrub per less than 40 cm' 

of which less than 35 per cent are over 30 cm in girth. 
(d) Wooded savanna: Woody plant density - one tree per over 100 m%f 

which over 25 per cent are over 30 cm in girth. 
(el Shrub savanna: Woody plant density of one per from 40 to 100 m' of 

which less than 35 per cent are over 30 cm in girth. 
(f) Open or shrub grassland: Woody plant density of one per over 100 m' of 

which less than 25 per cent are over 30 cm in girth. 
(g) Permanent or seasonal savanna swamp (subdivided as (a-f) above; see Fig. 

5.13). 
(These formations are prefixed by 'highland' when found above 1220 m.) 
Size-class distribution of woody plants 
Each of the seven formations is classed according to the distribution of girth 
sizes of all woody plants over 1 m high and at least 1 cm in girth (at the 
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Fig. 5. I . $ .  Scrriace iron-pan with Loudciia t i .  .~rui~r/ inac-ea growing in crevicts, ,lnd 
abnormally luxuriant vegetation growing in the drainage area of the pan ( j o s  Plateau, 
Nigeria.) 

mid-point i f  under 3 m in height, at breast height otherwise). (Goodness of fit 
may be tested by chi-square or C tests). 
Mature - 59 per cent of the woody plants from 1 to 20 cm in girth; 21 per cent 

from 21 to 40 cm; 10 per cent from 41 to 60 cm; 5 per cent from 61 to 80 
cm; 3 per cent from 81 to 100 cm; 3 per cent over 100 cm in girth. 

Juvenile - if there is significant deviation from the above distribution as 
increase in number of stems in size classes below 61 cni. 

Old - if there is significant deviation from the above distribution as increase in 
number of stems above 60 cm. 

4. Taxonomic composition of the vegetation 
Each formation is characterized by the two to four most abundant woody plants 
and by the two to four most abundant grasses. 

VI. Management problems 

1 .  Conservation and improvement ofsoil fertility 

(a) Clay in the soil 
While savanna regions may suffer drought for part of the year, for another part 
rainfall is so intense that leaching and erosion may occur. Leaching is only 
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prevented by ion-adsorbing properties of the soil and by plant uptake of soluble 
nutrients and their storage in organic molecules. Soil properties preventing 
leaching are the presence of clay and organic matter. Clay particles, being 
negatively charged, hold cations. The most abundant clay in tropical soils is 
kaolinite, which is, unfortunately, relatively inefficient as a cation adsorber 
because of its large particle size (up to 1 y m  in diameter). Much more efficient 
are the rarer montmorillonite clays. Jones and Wild (1975) report data from 
various sources concerning the mean percentage and range of clay in various 
tropical soils. The two most common soils in West Africa are ferruginous 
tropical and ferrallitic soils, making up approximately 58 and 10 per cent 
respectively of West African savanna soil. Both contain only about 9 per cent 
clay, with a range from 0.0 to 34 per cent. Vertisols are richest in clay (mean 
52 per cent, range 22 - 79 per cent, but they make up only about 1.9 per cent 
of West African savanna soils. The clay of these soils is about 63 per cent 
montmorillonite, whereas ferruginous and ferallitic soils contain mainly kaoli- 
nite. 

While clays are helpful in holding ions, they are very fine particled and tend 
to lead to soil compaction with the result that rain, particularly the first heavy 
rains of the season, do not penetrate but run off, carrying soil particles and 
dissolved nutrients. Soils tending to become compacted must be kept well 
covered by vegetation and/or litter. As mentioned earlier (Section IV. l)  burning 
may increase soil compaction as well as remove plant cover and litter and 
should, therefore, be carried out cautiously over heavy soils. 

Not much can be done to change the clay content of soil. While addition of 
organic matter is effective in lightening and improving the texture of soils in 
temperate zones, rapid mineralization makes this relatively ineffective in the 
tropics. The best means of conserving and utilizing heavy clay soils appears to 
be to keep them covered with grass under a light, high tree canopy. Leaf fall 
from the trees will protect the soil after grass burning and underground biomass 
wi l l  add some humus to the soil. 

'Fadama', seasonally inundated land along streams and in floodplains, 
contains on an average 24 per cent clay (range 1.5-71.5 per cent) and the clay 
is often montmorillonite (Jones and Wild, 1975). Primary production is 
potentially very high in such restricted regions (e.g. Afolayan (1 977) reported 
the maximum standing crop from fadama along the Ol i  River in Kainji Lake 
National Park, northern Nigeria, to be 172 per cent of the maximum achieved 
in nearby woodland savanna and 323 per cent of that achieved in almost 
adjacent Burkea-Terminalia open savanna). Because of this production poten- 
tial, such restricted regions are increasingly being utilized for agriculture. This 
has disturbed nomadic and transhumance movements of livestock, as formerly 
such valley bottoms were grassland refuges for the dry season. Clearly, dry 
season substitutes for fadama grazing must be found (Fig. 5.14). 
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Fig. 5.14. S'lvanna rn'lrsh along a river. The very tall grass i s  l - ' c w n ~ \ i ) l u ~ i ~  [ ) i ~ r p i ~ r c ' u r r ~ ,  
'elephant grass', (Photograph by W. W. Sanford.) 

(O)  Organic matter in the soil 
The importance of organic matter in soil has been discussed in sections 11.2 and 
IV.2, but a few additional comments are needed. The main organic component 
of soil is humus, a collective term for an amorphous group of colloids 
containing about 60 per cent carbon and 5 per cent nitrogen. According to 
Ahn, (1970, p.123), West African savanna soils contain from 1 to 3 per cent 
organic matter. Micro-variation from metre to metre is often greater than mean 
variation from hectare to hectare as the presence of unmineralized organic 
matter so much depends on vegetation, especially trees. 

While it has been shown above (section IV.2) that the organic matter content 
of soil is more dependent on below-ground biomass than on surface litter, litter 
is extremely important in protecting soil from runoff and erosion and, by 
shading, lowering soil temperature and so slowing the rate of mineralization. 
Mulching with crop residue has proved very effective in accomplishing these 
aims as well as in controlling weeds, but crop residues are becoming 
increasingly important as livestock fodder, and this trend will continue as 
pressures against nomadism increase (see section V111.3, below). 

(c) Vegetation cover 
(i) In relation to water In section 11.2 we showed how important a multi- 
layered above-ground cover of vegetation and a below-ground root network 
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are in maintaining an ecosystem. It is the disturbance of such a vegetation 
system which most frequently leads to deterioration of the soil - often 
irreversibly. For example,in Ivory Coast savanna, bare soil with a slope of 7 per 
cent lost from 24 to 32 per cent of the rain as runoff and from 10 477 to 1 1 770 t 
km-' yr-' (10.4-1 1.8 g m-') of soil; an experiment in Senegal showed 40 per 
cent loss of rain as runoff from bare soil and 17 per cent loss from rather sparse 
grassland, with soil loss of 231 3 t km-' yr-' (2.3 g m-') from bare ground and 
only 488 t km-' yr -' (0.49 g m-') from the grassland (CTFT, 1969). Relative 
erosion has been estimated by Roose (1975); if erosion from bare ground is 
rated 1, erosion from forest is 0.001; from savanna in good condition, 0.01; 
from palms, coffee, or cocoa with cover plants growing beneath, 0.1; from 
yams, cassava, 0.2-0.8; from ground-nut, 0.4-0.8; from maize, sorghum, 
millet, from 0.3 to 0.9 (Fig. 5.1 5). 

Leaching from well-developed savanna is very little, but may be consider- 
able from farmland. For example, in northern Nigeria, with a mean annual 
rainfall of 11 14 mm, leaching losses from grain fields range from 1.6 kg ha-' 
yr-' of sodium to 2.1 and 4.9 kg of magnesium and calcium respectively, and 
from 6.3 to 7.4 kg of potassium and nitrogen respectively (Jones and Wild, 
1975, p. 141). 

Fig. 5.15. Tree savanna in a bdama along the Oli River in Kainji Lake National Park, 
north-western Nigeria. The large trees are Terminalia macroptera. (Photograph by W. 
W. Sanford.) 
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The factors which conspire to deplete soil resources are heavy rains (both 
amount per unit time and drop size are important parameters), land slope and 
fine soil particle size. Because of the first two factors, highlands may be 
especially subject to leaching, runoff, and erosion. For example, the Obudu 
Highlands of eastern Nigeria receive about 4300 mm of rain during 275 days. 
The soil is leached and acidic. The area is so erosion prone that where grass 
has been trampled by human footpaths or cattle paths, erosion channels soon 
start. We have seen some that are yet only the width of the path (about 50 cm) 
but already 1.5 m deep. 

Very often sheet erosion may remove even more soil than gully erosion, but 
it is not as readily discerned. This is true of lowlands as well as highlands. For 
example, it has been stated (Brammer, 1962) that erosion was not a serious 
problem in Ghana, but in 1972, Adu (1972) described erosion in the 
Navrongo-Bawku area of northern Ghana and estimated that 40 per cent of the 
land was affected by sheet erosion; as much as 8 per cent of the land in this 
area had lost both A and B profiles. 

(ii) In relation to wind Water is not the only important factor in causing 
erosion: wind is also a menace. Each year, throughout West Africa, a haze of 
dust, largely fine diatomaceous earth, is brought down from the Sahara. 
European explorers and settlers of the eighteenth century referred to this, the 
harmattan, as 'the smokes', a visually apt term. A small amount of nutrient 
material is deposited with the dust, but this is of little importance. 

Of considerable importance is the wind removal of loose soil from Sahelian 
and Sudan zones within West Africa. We can find no reliable figures of soil 
removal, but some idea of the global extent of such removal i s  given by the 
study of Prospero and Nees (1 976). They found that most of the solid aerosol of 
the North Atlantic trade wind belt is mineral dust originating from the arid and 
semi-arid regions of West Africa. Mean concentration in the atmosphere above 
Barbados, West Indies, during June, July, and August ranged from 6.2 x lo-" 
g m-' in 1965 to 26.5 x g m--' in 1973. The authors relate this great 
increase to the Sahelian drought. 

2. Conservation of vegetation 

(a) Gene conservation 
Obvious necessities for conservation of vegetation are the prevention of 
erosion, runoff, and leaching, the maintenance of watersheds and implementa- 
tion of .efficient mineral cycling (see also section V11.4, below). Other than 
these, there are the less obvious needs of gene conservation for future use in 
plant breeding and the conservation of attractive scenery associated with 
quality of life and recreation. 
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Plants of savanna areas are often subject to marginal environments as regards 
moisture regime, temperature range, soil nutrient status, and herbivore and 
disease predation and thus may possibly provide valuable genetic material for 
improving resistance and habitat amplitude of economic plants. This is perhaps 
most obviously true of the Gramineae, most of which have C4 metabolism and 
are thus adapted to high temperatures and light intensity. (The first product of 
COz fixation is a 4-carbon molecule instead of the usual 3-carbon phosphog- 
lycerate; plants having this metabolic pathway do not have appreciable, 
light-induced respiration and so do not waste carbon substrate under condi- 
tions of high light intensity; at the same time the photosynthetic mechanism is 
less sensitive to heat and so continues to function efficiently at much higher 
temperatures than is the case with C3 plants.) 

Besides such high-temperature tolerance, savanna plants often show remark- 
able tolerance of drought conditions and, in some cases, of high soil/water 
salinity. For example, some hydromorphic soils in northern 'Nigeria have pH 
values as high as 9.6 in the middle horizon where there are high concentra- 
tions of calcium and sodium salts (Jones and Wild, 1975, p. 41, citing Pullan, 
1962). Plants growing in such an environment must be unusually tolerant of 
high salt concentrations. Areas around Lake Chad are also halomorphic, and 
with long irrigation many savanna soils may accumulate salts to a toxic level. 

An interesting example of insect resistance is found with the mature seeds of 
tropical American Mucuna (Papilionaceae). (Some tropical American Mucuna 
spp. are grown as pasture plants cover crops in West Africa: also there are six 
species of this genus found in West Africa, one of which, M. pruriens, is also 
found in America.) Several species of this genus have sufficiently high 
concentrations of L-dopa (3,4-dihydroxy-phenylalanine) in the mature seeds to 
prevent insect attack (Rehr et a/., 1973). 

(b) Scenic amenity 
Obviously, no one enjoys viewing bare earth for long, but some types of 
vegetation are more aesthetically pleasing and/or more suited to recreational 
activities than others. In general, forest and woodland are considered more 
pleasing than bushland, scrub, or open grassland. As discussed earlier, 
woodland is the most nearly stable (perhaps 'climax') savanna structure and so 
is desirable from more utilitarian considerations as well. While it is very 
resistant to natural environmental fluctuations and even to annual burning, it 
is, of course, quickly destroyed - and for many, many years - by cutting. 
Increased firewood demands throughout West Africa are making serious 
inroads on natural woodland. Even more disastrous is large-scale 'Green 
Revolution' cultivation. Clearly, it is necessary to determine which areas are 
suitable for cultivation without endangering future soil fertility through erosion 
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and leaching and which areas should be left as woodland. Unfortunately, such 
decisions are often made according to criteria far from ecological considera- 
tions. 

3. Nomadism, transhurnance, and settled agriculture 

Throughout the savanna regions of West Africa, conflict between traditional 
patterns of nomadism and transhumance livestock management and settled 
agriculture is increasing in range and intensity (Figs. 5.1 6 and 5.1 7). Man- 
made lakes such as the Volta in Ghana and Kainji Lake in Nigeria not only 
flood grazing land but bring about land-use transformation through irrigation 
over large surrounding areas. Growing populations and increasing demands 
for a higher standard of living have forced all countries to implement various 
agricultural expansion schemes and put more land under monoculture and 
intensive agriculture. Milligan and Sule (1 982), of the International Livestock 
Centre for Africa, have recently discussed this problem. Possible solutions are: 
(1) settlement of the traditional herdsmen with managed pastures or ranches; 
(2) restricted movement with supplementary livestock feeding from such 
agricultural by-products as cottonseed cake, or from hay or insilage prepared 
from natural savanna grasses; or (3) planned transhumance with natural 
savanna management. Quite clearly, no one alternative provides a satisfactory 
solution and all must be judiciously used. From economic and logistic 
considerations, the third choice will probably be the most extensively applied 

Fig. 5.16. Cully erosion I~eginning whcrc, thcs Eras, cover h a 5  t~c>cn removed. (Photo- 
graph by A. 0. Isichei.) 



- Savanna 141 

Fig. 5.17. Dry season shelters of Fulani herdsmen in southern Guinea bushland. 
Modified transhumance is practised with these herdsmen taking their livestock further 
north soon after the rainy season beings. (Photograph by W. W. Sanford.) 

for a long time. Supplementary feeding is, in the case of products such as seed 
cake, very expensive, and in the case of hay and insilage requiring of labour at 
times and locations where it is not available. In all cases the logistics of such 
feeding is a serious constraint. It is very likely, however, that soon the tall 
grasses of the humid savanna must be utilized more efficiently than at present. 
Cutting during the mid-growth period (about three to three and a half months 
after the start of the rainy season, usually late June to mid-July) would provide a 
large bulk of material with fair protein content. (Protein concentration declines 
almost exponentially from the period of flushing to the time of maturity and 
maximum standing crop.) Cutting would induce regrowth and at least two, in 
some areas three, crops could be harvested for hay or insilage per year. This 
raises an ecological question requiring urgent investigation: What wil l be the 
effect on the soil of such intensive harvesting and removal of nutrients from the 
system? 

4. Desertificafion 

A practical definition of desert is any temperate or tropical region where almost 
no primary production occurs. This situation can be brought about by either 
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drought or mineral depletion of the soil or toxification of the soil as by salt or 
heavy metal accumulation. The savanna is particularly subject to all three 
conditions and so must be considered an ecosystem of considerable fragility. 

(a) Climatic fluctuation and change 
The recent seven-year Sahelian drought in Africa turned the attention of many 
clirnatologists to the possibility of climate change, but no clear-cut evidence 
has yet emerged. Changes several thousand years ago are known (and briefly 
discussed in section III.1), but more recent changes are problematical. The 
possibility which has received the most attention is the increase of carbon 
dioxide in the atmosphere. Gates (pers. comm., 1977) has reported that 
atmospheric COL is increasing at about 1.0 ppm yr- ' .  This would result in a 
doubling of the pre-industrial C 0 2  concentration by about 2025-2050 and 
would lead to an average global temperature increase of about 2.0 C. Such an 
increase in marginal areas, such as the drier savannas, would result in drought 
and probable desertification. 

O f  less controversial importance are the year-to-year climatic fluctuations 
and possible short-term (most often from 10 to 60 years) cyclic tendencies o i  
rainfall. In areas of marginal water availability, such as the entire Sahelian area 
and at least part of the Sudan zone, such variation means that in some years 
crops will fail and available fodder wil l not be enough to support the livestock 
population. In effect, such areas are utilized beyond their carrying capacity for 
some years and 'crash' in other years. The recent Sahelian drought was such a 
crash. An idea of yearly variation is kiven by the mean precipitation and 
standard deviation for 10-day periods at Maiduguri in north-eastern Nigeria on 
the border of Sudan savanna and Sahelian short grassland (1 lo 51' N, 13" 05' 
El: the standard deviation averages 114 per cent of the mean rainfall. 

(b) Anthropogenic effects 
Even more important than climatic fluctuations are the disruptive activities of 
man. These include burning of vegetation, heavy grazing by domestic lives- 
tock, wood-cutting, and cultivation. All of these have been mentioned before 
so their probable impact on savanna desertification will now be only summa- 
rized. Grove (1 973) has stated that 'burning of the vegetation is possibly not a 
very important agency in the process of desertification. . . . An exception to 
this general rule might be woodland alongside watercourses.' We agree with 
this assessment, but would like to amplify slightly the exception. The land 
along watercourses is often steeply sloping so that if vegetation is removed, 
erosion may be drastic. We have seen very recent evidence of this in the 
Nigerian Obudu Highlands where recent fires have destroyed woodlands 
along steep ravines; the topsoil has already nearly disappeared. 

Heavy grazing, while extremely serious in many regions of East Africa, is not 
extensive in West Africa. One reason is the seasonal livestock migration 
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enforced by custom, tsetse-fly, and the unpalatable character of tall grasses as 
the season progresses (Fig. 5.1 8). Exceptions do occur in some Sudan regions, 
in some highland areas (the Jos Plateau in Nigeria, for example), in the 
Sahelian region in general, and around boreholes in particular. In the latter 
case, water, brought by modern technology to alleviate chronic water shor- 
tage, has brought about intensive settlement near water resulting in overgraz- 
ing to such an extent that near-desert surrounds many boreholes. We have seen 
this from the ground in driving from Maiduguri, Nigeria, to Lake Chad, and a 
remote-sensing specialist told us how puzzled he was at first by the blank white 
areas surrounding boreholes. Besides this extreme case of livestock concentra- 
tion, the changes in land use mentioned in section V1.3 have brought about 
more intensive grazing of the ever-shrinking free-range areas. In the near future 
this may lead to desertification in many areas now well covered with 
vegetation. 

The recent increase of firewood cutting has already been mentioned (Section 
V1.2b). Mortimore and Wilson (1 965) have estimated that nearly three-quarters 
of Kano (Nigeria) city's firewood consumption of some 75,000 t yr-' is brought 
in by donkey from within a radius of c. 20 km. As Kano and similar cities are 

Fig. 5.18. Cattle moving southward into Guinea savanna in January (mid-dry season). 
The vegetation is mature bushland, near New Bussa, north-western Nigeria. (Photo- 
graph by Sheila Jeyifo.) 

- - -  
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Fig. 7. 1'1. Flrcwootl collected near Jc~l)h,~ In thcl j o~~ thc>rn  ( I ~ I I ~ ( ~ , I   one oi h ~ g c r ~ ~ i  r-t,~dy 
to be transported out. Donkeys are being replaced hy lorries and the radius o i  collection 
around the large towns grows ever wider. (Photograph by Sheila Jeyit'o.) 

growing at a rate of from 5 to 10 per cent annually, the firewood problem will 
become great unless other fuels can be substituted (Fig. 5.1 9). Once woodland 
has been cut, its regeneration is difficult. As discussed earlier (Section IV.2), it 
is probably almost always necessary to provide a considerable number of years 
of fire protection before woodland can be established. In areas of heavy 
grazing by either domestic livestock or wild herbivores, an only slightly less 
long period of fencing is necessary. 

The relationship between desertification and cultivation is too obvious to 
require amplification, although it should be pointed out that the importation of 
foreign, large-scale agricultural technology is increasing faster than the know- 
ledge of how to manage it. Such management practices as no or minimum 
tillage, use of legume cover crops, crop rotation, and judicious use of fertilizers 
wi l l  certainly be necessary if disaster is to be avoided. 

VII. Coda 

Ultimately the fate of the people of West Africa rests upon the fertility of 
savanna soil. Savanna, covering up to nearly 80 per cent of the land area of 
many West African countries, must supply most of the food. A few years ago it 
might optimistically have been believed that no matter what was done to this 
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land, European and American agricultural technology, improved breeds of 
crops and livestock, massive doses of fertilizer, and frequent spraying with 
pesticides and herbicides would solve all problems and not only maintain but 
increase food production. Such blind optimism is still harboured in the minds 
of a number of politicians, but citizens of developing countries have recently 
seen the possibility for massive physical loss of soil by water and wind, 
together with depletion of soluble minerals by leaching; they have seen that 
new breeds of plants and animals may not be suited to local conditions and 
that uniformity of breeds anywhere may lead to destruction by pests and 
disease; they have seen that pesticides and herbicides may have disastrous 
side-effects besides costing more money than is often available; they have seen 
that world-wide inflation may make the purchase of sufficient quantities of 
fertilizers impossible except by the richest countries (which perhaps need them 
the least); and that the existence of some crucial nutrients is finite. This 
knowledge is increasingly leading men everywhere to realize that the land and 
its ecosystems must be handled with the utmost care and that such care can 
only be learned by the local study of local conditions by men and women who 
have a tangible stake in the form of children and grandchildren in the future of 
the land. 
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