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8.1 INTRODUCTION 

Africa is often called ‘the fire continent’ based on the high frequency and large extent of 

burning. As outlined in the Introduction, over 200 million hectares of land are regularly 

burned, most of which consist of savanna areas. The significance of fire for the structure 

and functioning of savanna ecosystems can hardly be overstated, as fires affect nutrient 

cycling and soil organic matter content (e.g., Fynn et al. 2003, González-Pérez et al. 2004), 

the cover of trees versus grasses (Scholes & Archer 1997, Sankaran et al. 2005, 2008), and 

the quality and structure of the grass sward (Van de Vijver et al. 1999). Regular burning 

also has significant ecological effects on the herbivores living in savanna ecosystems. In 

this thesis the ecological effects of fire on savanna herbivores are described, in particular 

the nutritional quality and structure of post-fire regrowth as a food source for 

herbivores, resource selection patterns on post-fire regrowth, the partitioning of 

resources among potential competitors, and species diversity patterns and assemblage 

structure of savanna ungulates. In this chapter a discussion of the main results and 

conclusions is given. 

 

8.2 FIRE, FORAGE AND RESOURCE SELECTION 

Savanna fires significantly affect the quality and structure of the grass layer. Previous 

research has shown that concentrations of some macronutrients such as nitrogen, 

phosphorus and potassium in post-fire regrowth are generally higher than in unburned 

vegetation (Christensen 1977, Frost and Robertson 1987, Hobbs et al. 1991, Singh 1993, 

Van de Vijver et al. 1999, Laclau et al. 2002). Nutrient levels have been shown to decline 

rapidly, however, falling back to the levels of unburned vegetation in weeks or months 

(Van de Vijver et al. 1999).  

As outlined in Chapter 3, the main importance of burning to herbivore forage 

quality lies in the dry season levels of leaf tissue nitrogen, the digestibility of the plant 

material and the structure of the grass sward. Ruminants need a minimum of 5–7% 

crude protein in their food to support rumen fermentation (Van Soest 1982, McDowell 

1985, Prins 1996) which corresponds with nitrogen concentrations of 0.8–1.1%. In the 

dry season these requirements were met only in post-fire regrowth, whereas nitrogen 

concentrations in unburned swards were below maintenance levels. Likewise, during 

the dry season digestibility values of around 60% that are required by lactating animals 
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(Van Soest 1982) were found only in burned swards. Burning also significantly improved 

sward structure, as burned swards were characterised by higher values of green leaf bulk 

density and less dead stem material in the sward. These dead stems in the sward are 

known to depress intake rates of grazers (Drescher 2003). Burning appeared not to be of 

much importance for the minimum requirements of potassium, calcium and 

magnesium. Although potassium levels in the grass sward were significantly affected by 

burning, potassium levels in both burned and unburned swards were above the 

minimum herbivore requirements. Calcium and magnesium concentrations were not 

affected by burning. 

The raised nutrient levels, higher digestibility and more favourable structure of 

the burned grass sward has major effects on the foraging patterns of herbivores. 

Numerous studies have shown that herbivores prefer grazing on post-fire regrowth 

compared to unburned grass swards (e.g., Moe et al. 1990, Wilsey 1996, Moe & Wegge 

1997, Gureja & Owen-Smith 2002, Tomor & Owen-Smith 2002, Archibald & Bond 2004, 

Archibald et al. 2004, Anderson et al. 2007, Hassan et al. 2007). Within burned areas, the 

spatial distribution of grazing was governed mainly by local differences in regrowth age, 

the amount of dead stem material in the sward, grass cover, and the distance to water 

 Regrowth age Grass cover Dead stems Distance to water 

Red-flanked duiker – –  – –  

Oribi – –  – –  

Common duiker – – + +   

Bohor reedbuck  + +   

Bushbuck –    

Warthog    + 

Kob – – + + – – – – 

Hartebeest – – + +  + + 

Roan – –  – + + 

 

Table 1. Selection on burned areas for the four most important habitat variables. Double signs (+ + or – –) 

indicate significant positive or negative selection at P < 0.01, whereas single signs indicate significant selection 

at P < 0.05. 
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sources (Chapter 4, Table 1). The results summarized in Table 1 demonstrate that 

resource selection by herbivores on post-fire regrowth is not uniform, which was 

suggested by Archibald and Bond (2004). Most importantly, the resource selection by 

seven out of nine species of herbivores was related to regrowth age, as most herbivore 

species strongly selected grass swards that were recently burned. This selection for 

young regrowth correlated significantly with concentrations of nitrogen (N) and 

potassium (K) in the green leaves, indicating that herbivores select patches of regrowth 

containing high nutrient levels. It should be noted that shortly after burning, the quality 

of the regrowth is high but the biomass very low. Herbivores thus face a trade-off 

between forage quality and quantity, and it is expected that maximum profitability will 

be reached some time after burning when nutrient levels are still high and the grass 

biomass will allow for sufficient intake rates.  

Besides nutrient levels, herbivore resource selection is also significantly affected 

by sward structure. Post-fire regrowth has higher green leaf fractions and green leaf bulk 

density than unburned vegetation (Chapter 3). In addition, burning reduces the amount 

of dead stems in the sward, thereby increasing access and making the green leaf 

biomass more accessible to herbivores (Drescher 2003). Because of the more favourable 

sward structure, foraging efficiency is increased and grazing herbivores are able to reach 

higher intake rates on post-fire regrowth compared to unburned areas (Hobbs et al. 

1991, Drescher 2003, Moe & Wegge 1997). The positive effects of burning on sward 

structure were clearly seen in patterns of resource selection of grazing herbivores 

(Chapter 4: Table 3), as oribi, kob and roan were found to significantly avoid grass swards 

with high amounts of dead stem material. Besides the amount of dead stems in the 

sward, grass cover was among the principal factors governing resource selection. For 

example, an increase in grass cover by only one percent increased the probability of use 

by about 7% for kob, and even 15% for bohor reedbuck. 

 

8.3 BODY MASS, RESOURCE PARTITIONING AND COMMUNITY STRUCTURE 

The idea that differentiation in body size can govern community structure dates back to 

Hutchinson (1959). In his seminal paper Homage to Santa Rosalia, Hutchinson (1959) 

presented body size ratios of several pairs of sympatric bird and mammal species, and 

the mean ratio of about 1.3 was suggested to be the amount of separation necessary to 

permit coexistence of species at the same trophic level. These ideas were further 
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developed by MacArthur & Levins (1967) into a model of limiting similarity, which 

predicts a reduction in niche overlap of competitors through ecological assortment of 

colonization and extinction (Schoener 1974, Gotelli & Graves 1996). The importance of 

body mass to resource partitioning by herbivores was shown by Demment and Van 

Soest (1985), who argued that body size provides a mechanism by which herbivores can 

differentiate along a resource axis of grasses having different fibre contents. Since the 

ratio of metabolic requirements to food processing capacity decreases with increasing 

size, various authors have argued that smaller-sized herbivores need higher quality food 

than larger herbivores (e.g. Bell 1971, Jarman 1974, Demment 1982, Van Soest 1982, 

Demment and Van Soest 1985, Prins & Olff 1998, Codron et al. 2007).  

Based on the analysis of faecal samples, the data presented in Chapter 5 do not 

support the theory that smaller herbivores select forage of higher quality than do larger 

herbivores. In addition, there was no relation between body mass and food composition 

(i.e., the selected food plants in the diet) either. These results indicate that in Bénoué N.P. 

herbivore species of different size do not segregate in food quality or the range of food 

plants that are consumed. This is also supported by the data on resource selection 

shown in Chapter 4, since there was no  effect of body mass on the selection of post-fire 

regrowth. Although in sharp contrast to the often-cited Jarman–Bell principle, the 

results from Bénoué lend support to some recent studies that questioned the relation 

between body mass and digestive efficiency (Perez-Barberia et al. 2004, Clauss et al. 

2007). These authors argued that the digestive physiology of a particular species and the 

proportion of grass versus browse in its diet may be more important than body mass in 

governing food quality or fibre digestion. The importance of digestive physiology is also 

clearly shown in Chapter 5, where inclusion of hippopotamus (a non-ruminating foregut 

fermenter) in the dataset resulted in an apparent negative relationship between body 

mass and nitrogen and phosphorus in the faeces. However, this relationship most likely 

reflects low losses of bacterial protein in hippo faeces rather than a general body mass – 

diet quality relationship. 

Although herbivores in Bénoué do not appear to segregate in food quality or 

diet composition along a body mass axis, two out of three null models indicated a 

significant regularity in the body mass distribution (Chapter 6). Such regularities in body 

mass distribution at the local scale are usually interpreted as the result of competition 

(Gotelli & Graves 1996, Prins & Olff 1998, Allen et al. 2006). The potential for competition 

is clear from the data on diet composition presented in Chapter 5, which show very high 
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dietary overlap between several species of herbivores in Bénoué N.P. The importance of 

competition in shaping ungulate assemblages is widely claimed (Arsenault & Owen-

Smith 2002), and several studies have demonstrated competitive interactions among 

sympatric ungulates (e.g., Gordon and Illius 1989, Murray and Illius 1996, Putman 1996). 

However, the presence of competition between herbivores in Bénoué N.P. is seriously 

challenged by other results presented in this thesis. De Boer and Prins (1990) identified 

three conditions for the occurrence of competition: 1) the resources must be shared, 2) 

the shared resources are limited, and 3) species show overlap in habitat use. Although 

the diets of kob, hartebeest, waterbuck, roan, buffalo and hippopotamus were found to 

be extremely similar both in the dry and wet season (Chapter 5), Chapter 4 demonstrates 

that herbivore species in Bénoué N.P. differ in patterns of habitat use and spatial 

distribution in the burned landscape during the dry season. Thus even when diets are 

similar, differential habitat use may preclude competition. This contrast highlights the 

importance of scale: at the scale of the entire park, the regularity in body mass 

distribution suggests that the overall species set may be shaped by biotic interactions. 

However, at finer spatial scales competition is probably absent or low, allowing high 

dietary overlap (in both quality and composition) among different herbivore species. 

 

8.4 FIRE AND HERBIVORE DIVERSITY 

Fires can affect diversity patterns of ungulates at both local and regional scales. At the 

local scale, herbivores were not randomly distributed over burned and unburned areas 

(Chapter 6). Burned areas supported higher species density of ungulates than unburned 

areas, although species richness was not different. In addition, grazers reached higher 

species richness and species density than browsers on burned areas. The effects of fire 

on regional diversity patterns are even more prominent, as shown in Chapter 7. Previous 

studies have argued that diversity patterns of large mammalian herbivores are governed 

by gradients of plant abundance and quality (Olff et al. 2002), which in turn depend on 

moisture and nutrient availability (Breman & De Wit 1983). However, the results 

described in Chapter 7 show that moisture and nutrients alone fail to adequately predict 

species richness of grazers in West Africa. The widespread fires that are characteristic of 

the African savannas appear to be more important, as these fires override the effects of 

climate and soil fertility on the quality and structure of the grass sward. As shown in Fig. 
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1, fire occurrence is by far the most important factor explaining the assemblage 

composition (beta diversity) of grazers. 

 

A close relation exists between fire occurrence and diversity patterns of West African 

ungulates, expressed either as species richness or as differences in assemblage 

composition. Grazers attain maximum species richness at actual evapotranspiration 

(AET) values of 700–800 mm, i.e., in the northern Guinea savanna zone. However, as 

described in Chapter 3, in these areas the dry season grass quality is generally below 

herbivore maintenance levels. The very reason that grazing herbivores survive the dry 

season in the Guinea savanna is thus likely to be fire. 

 

8.5 FIRE MANAGEMENT 

Fire management is of direct relevance to the management and conservation of wildlife. 

As argued in this thesis, fires can sustain grazer populations during the dry season by 
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providing nutritious post-fire regrowth, and the current species richness of ungulates in 

the nutrient-poor savannas of West Africa can probably not be maintained without fire.  

The ecological effects of fire depend to a large extent on the burning regime, 

which refers to the type of fire (e.g., surface vs. crown fires), the fire frequency, 

seasonality, fire intensity, and fire severity or ecosystem impact (Bond & Keeley 2005). 

Van Wilgen et al. (2003) discussed the pros and cons of five different fire management 

policies that have been used in Kruger N.P., South Africa. First, a formal fire regime in 

which fixed management areas are burned every three years was used for several 

decades, but was finally abandoned because of rigidity and a lack of variation. In the 

1990s a lightning fire regime was adopted in order to simulate the natural conditions 

under which Kruger’s biota evolved. Since this resulted in too small a fraction of the area 

being burned regularly, other fire regimes were developed such as patch mosaic 

burning (Brockett et al. 2001) and range condition burning (Trollope 1995). Patch mosaic 

burning refers to a fire regime that is variable in space and time in order to develop a 

heterogeneous vegetation structure and to create high levels of biodiversity (Brockett et 

al. 2001, Van Wilgen et al. 2003; but see Parr & Andersen 2006), whereas range condition 

burning refers to a fire regime aimed at developing the desired composition and 

structure of the vegetation (Trollope 1995, Van Wilgen et al. 2003). In 2002 an integrated 

approach was adopted that combined elements of patch mosaic, range condition and 

lightning fires. In this approach random point ignitions are combined with unplanned 

fires until a target area that is burned is reached, after which only lightning fires are 

allowed to spread (Van Wilgen et al. 2003).  

 In contrast to southern Africa, not much research on fire management has been 

done in West Africa. Most management fires in Bénoué N.P. are lit in December and 

January, with sporadic burning activity afterwards. Based on data on regrowth quality 

(Chapter 3) and herbivore resource selection (Chapter 4), a longer fire season is 

recommended in which burning activity is spread out more evenly over the dry season. 

After the wet season, burning can start as soon as the vegetation is sufficiently dry to 

allow fires to spread. In order to ensure the availability of high-quality grass swards 

throughout the dry season, burning should continue deeper into the dry season. As 

shown in Chapter 3, mid-dry season burning resulted in higher concentrations of 

nitrogen and potassium and higher digestibility of the grass sward than early burned 

swards. However, for safety reasons mid-dry season burning should be restricted to 

areas that are easily controlled such as unburned areas surrounded by vegetation that 
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has been burned earlier. Late dry season fires are not recommended, as high fire 

intensities late in the dry season substantially increase the risk of fires getting out of 

control. In addition, except for the removal of dead stems from the grass sward, burning 

late in the dry season has little value in providing nutritious forage for herbivores since 

the effects of burning are overridden by the effects of the first rains (Chapter 3).  

Burning seasonality affects the intensity of the fire, which in turn is governed by 

fuel load, moisture content of the grasses, temperature and wind speed (Trollope 1999, 

Govender et al. 2006). Fire intensity can thus also be manipulated by burning in different 

weather conditions or at particular times of the day, with mid-day fires usually being 

more intense than early morning fires. High-intensity fires remove more grass biomass 

than low-intensity fires, leading to post-fire regrowth with low amounts of dead stem 

material remaining. As shown in Chapter 4, such swards are highly preferred by grazing 

herbivores. It should be noted that removal of the moribund grass material can be 

achieved by relatively low intensity fires of less than 1000 kJ s-1 m-1, whereas truly high 

intensity fires (>2000 kJ s-1 m-1) are required to cause significant tree and shrub mortality 

(Trollope 1999). 

The preference of post-fire regrowth by grazing herbivores can lead to very 

high grazing pressure in burned areas, as shown in Chapter 6. Heavy grazing can result 

in the dominance of pioneer or unpalatable perennial grass species (Trollope 1999, Van 

Wilgen et al. 2003), and in livestock systems rotational grazing schemes are often 

employed to avoid a deterioration in grass species composition (Tainton 1999). Post-fire 

grazing in wildlife areas is more difficult to control, and where possible the burned areas 

should be sufficiently large to exceed the forage requirements of grazing herbivores 

(Trollope 1999). Even without the effects of grazing, however, regular burning can affect 

the plant community by promoting fire-tolerant species (Frost & Robertson 1987, Gibson 

& Hurlbert 1987, Hartnett et al. 1996). 

 An important issue to consider in fire management is the sustainability of 

burning practice. Various authors have expressed concern that frequent burning can 

lead to long-term decreases in nitrogen budgets (e.g. Ojima et al. 1994, Blair 1997, Fynn 

et al. 2003). In turn, nitrogen limitation may affect vegetation composition and 

ecosystem functioning (Scholes 1990). However, the results from burning experiments in 

savanna ecosystems are variable and often inconsistent. In contrast to abovementioned 

studies, recent data from a long-term burning experiment in Kruger N.P. by Coetsee et al. 
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(2008) show that nitrogen mineralization rates were not affected by 50 years of burning. 

Losses of nitrogen from savanna burning are often compensated for by deposition and 

fixation (Menaut et al. 1993, Jensen et al. 2001), and grazers can contribute substantially 

to nitrogen conservation by moving nitrogen from the above-ground plant biomass to 

below-ground pools via urinary and faecal excretion (Hobbs et al. 1991, Coetsee et al. 

2008). The effects of burning on nitrogen availability depends on many factors such as 

fire intensity, grass species composition, grass:tree ratios (and hence, litter quality), and 

post-fire grazing. Since fire intensity can be easily manipulated by fire managers by 

burning in different weather conditions or at particular times of the day, any long-term 

effects will be highly dependent on current burning practice. This thesis shows the 

importance of savanna fires to sustaining wildlife populations in the moist savannas of 

West Africa. Further research is needed to study the contribution of fire to the 

management and conservation of the Guinea savanna in the long term. 

 

8.6 CONCLUSIONS 

The following conclusions can be drawn from this research: 

 

1. In contrast to unburned vegetation, post-fire regrowth provides sufficient food 

quality for grazing herbivores during the dry season. Thus, in the Guinea 

savanna zone of West Africa, fire enables grazers to survive the dry season. 

 

2. The improved nutrient levels, digestibility and sward structure in post-fire 

regrowth are highest after burning in the middle of the dry season. 

 

3. The time elapsed since burning is the dominant factor in the selection of grass 

swards by herbivores, which can be explained by the short duration of nutrient 

enhancement after burning. In addition, the improvement of sward structure, 

especially grass cover and the presence of dead stems, plays an important role 

in herbivore resource selection. 
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4. In contrast to previous research, resource partitioning among different species 

of herbivores in Bénoué N.P. is independent of body mass. Thus, small herbivore 

species do not select food with higher nutrient levels than do large species.  

 

5. In spite of the regular spacing in body masses of herbivore species at the scale 

of Bénoué as a whole, suggesting competition between the different species, at 

the local scale of burned areas no competition between species could be 

observed. This may be due to species-specific habitat selection and reduced 

food competition by fire. 

 

6. When looking at all herbivore species, burned areas attract higher numbers of 

animals than unburned areas, but there is no difference in species richness. 

When looking at different guilds, grazers are more dominant than browsers in 

burned areas, both in numbers and species richness. 

 

7. For grazing herbivores, regional diversity patterns in West Africa are governed 

mostly by fire. In contrast, for browsing herbivores regional diversity patterns 

are not governed by fire but by moisture availability. This difference is most 

likely due to the fact that fire sustains grazers during the dry season, whereas 

the food supply for browsers is mainly governed by moisture. 

 

8. Burning in the Guinea savanna results in a fire climax with a distinct and high 

herbivore species richness, which is different from both the herbivore 

assemblage in the Sudan savanna and the tropical forest zone. 

 

9. The present regime of early burning does insufficiently take into account that 

maximal nutrient enhancement occurs when burning in the middle of the dry 

season. 

 

10. Apart from this seasonality aspect, also other factors are important for the fire 

management, in particular the short period during which nutrient 
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enhancement occurs, protection against fire damage, stimulation of tourism, 

and the desired vegetation type. 

 

 

Recommendations: 

 

1. In order to maintain current levels of herbivore species richness in the Guinea 

savanna, and overall levels of herbivore beta diversity in West Africa, it would be 

unwise to stop burning practice. 

 

2. Burning activity should be spread out over the first half of the dry season to 

provide sufficient food quality for herbivores throughout the dry season, taking 

into account fire hazard, tourism, and the vegetation that is desired. 
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