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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 PROJECT THEME 

 

Applied animal nutrition 

 

 

1.2 PROJECT TITLE 

 

Habitat and seasonal effects on the nutrient status of selected roan (Hippotragus 

equinus) and sable antelope (Hippotragus niger) populations in South Africa 

 

 

1.3 MOTIVATION 

 

Most estimates of the nutrient requirements of wild herbivores are based on domestic 

livestock and laboratory standards (Robbins, 1993; Schmidt and Snyman, 2002). The 

nutritional status of free roaming wild herbivores differ significantly from domesticated 

animals within the same area, suggesting that requirements cannot necessarily be 

extrapolated (Grant, 1989). The nutritional requirements of an herbivore species are 

determined by measuring its production or reproduction performance as a function of the 

nutrient quality and quantity of its diet (Underwood and Suttle, 1999; Van Ryssen, 2001). 

Should the diet meet the nutrient requirements of the animal’s metabolic and 

physiological processes, it will be reflected in its productive or reproductive performance, 

assuming all other factors influencing its performance (e.g. disease, climate, age and 

sex) are non-significant (Van Ryssen, 2000). Under free roaming conditions, a wild 

herbivore species has specific habitat preferences influenced by its particular nutritional, 

climatic, social and environmental demands. It can therefore be assumed that the habitat 

within which a wild herbivore species establishes itself naturally and in which it performs 

well in terms of population growth, complies with all or most of its requirements.  
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Dose response trials remain the most reliable method of determining nutrient 

requirements in grazing ruminants (Underwood and Suttle, 1999; Van Ryssen, 2003) but 

these trials are time consuming and costly (Van Ryssen, 2001; Schmidt and Snyman, 

2002; Van Ryssen, 2003). It also bares a high risk in the case of stress sensitive wild 

herbivores like roan and sable antelope (Wilson and Hirst, 1977). Determining the actual 

nutrient status of an animal requires controlled feeding in a metabolic crate in which all 

factors affecting nutrient status can be measured, monitored and managed. The nutrient 

status mentioned in the title of this project should thus be seen in the context of the 

extensive environment and undomesticated nature of the wild ungulates studied. The 

emphasis of the project was the evaluation of estimates of the nutrient status of 

populations given the limitations and scope of available non-invasive methods and data 

with which nutrient status were quantified. The nutrients included in this study to quantify 

nutrient status are thus limited to N, P, K, Ca, Mg, Na, S, Cu, Fe, Mn, Zn, Mo, Co and 

Se. 

 

Although no formal guidelines on the optimal nutrient status of any wild ungulates, with 

which to assess the nutritional status of a population or its habitat, exists at present, 

previous studies proved that certain nutritional deficiencies could be anticipated by 

comparing the nutritional status of different populations of a species between different 

geographical regions (Wilson and Hirst, 1977; Dörgeloh, 1998). The more data available 

on the nutritional status of different populations of a wild herbivore species, like roan and 

sable antelope, and its habitat preferences, the more reliable estimates of nutritional 

requirements can be made (Myburgh, 2003). 

 

Following an extensive study after the initial decline in roan antelope numbers in South 

Africa was realised, Wilson and Hirst (1977) stated that the reason behind the decline in 

roan and sable antelope numbers was a complex of factors involving disease, 

malnutrition and habitat quality of which a general suboptimum nutritional status might 

have been the primary reason which affected populations the most severely. Harrington 

et al. (1999) and Grant et al. (2002) investigated various previous hypotheses for the 

sharp decline in rare antelope numbers in the Kruger National Park (KNP) and the 

possible effects of resulting management actions on these populations. They suggested 

that predation, grazing pressure, rainfall cycles and habitat quality and quantity all 

contributed to a greater or lesser degree to the drop in roan antelope numbers.  
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However, at the same time a decline in roan antelope numbers was experienced at 

various other geographical locations throughout southern Africa and not just in the KNP 

(Wilson and Hirst, 1977; Martin, 2003). Grant (2004, pers. comm.)1 and Codron et al. 

(2009) reported that suboptimum faecal nitrogen (Nf) concentrations in the roan antelope 

populations on the northern basaltic plains of the KNP had been found.  

 

This indicated the probability of a deficient nutritional status in some or all of the roan 

antelope populations in the northern KNP (Codron et al., 2009) and thus validating 

further research into the nutritional status of these roan antelope populations. For 

comparative reasons, the roan antelope population at the Graspan-Holpan section of the 

Vaalbos National Park, Northern Cape province, South Africa was included as a study 

area as well as the sable and roan antelope populations of Sable Ranch, a private game 

reserve in the Northwest province.   

 

 

1.4 AIMS AND OBJECTIVES 

 

The main objectives of this study were to: 

 

1. Determine whether habitat structure influences habitat selection by 

roan in the absence of predators 

2. Evaluate and compare the forage, soil and water quality of the 

different study areas in order to identify possible differences between 

areas 

3. Evaluate the nutritional status of the various roan antelope 

populations by the comparison of faecal nutrient levels in combination 

with serum nutrient levels between populations, species and sexes  

4. Determine whether there are differences in the nutrient status of roan 

and sable antelope under similar feeding conditions in both faecal and 

serum nutrient levels 

                                                 
1 Dr C.C. Grant, January 2004. Scientific Services, Skukuza, Kruger National Park. Ph. (013) 735 

4415 
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5. Determine whether there are differences between sexes within roan 

and sable antelope under similar nutritional conditions in both faecal 

and serum nutrient levels  

6. Determine whether correlations between specific nutrients within and 

between serum and faecal samples influence the interpretation of the 

nutrient status of a population 

7. Assess whether nutrient deficiencies could have contributed to the 

sudden decline in roan numbers in the KNP 

 

 

1.5 THESIS STRUCTURE 

 

The outline of this research project was structured in a way that will enable the reader to 

follow the line of thought as well as data flow from one chapter into the next. Therefore, 

chapters four, five and six of this thesis essentially consist of the following: 

 

¶ Literature review 

¶ Materials and methods 

¶ Results and discussion 

¶ Conclusions 

 

Most of the data from one chapter follows onto the protocol and sub-study of the next 

chapter. The general conclusion of the thesis is presented in the last chapter (Chapter 

7).  
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CHAPTER 2 

 

 

LITERATURE REVIEW  

 

 

2.1. POSSIBLE CAUSES OF THE DECLINE IN SIZE OF RARE ANTELOPE 

POPULATIONS IN SOUTHERN AFRICA 

 

The roan antelope population in the KNP declined between 1986 and 1993 from 450 to 

45 animals despite their high management and research priority (Harrington et al., 

1999). This drastic change in roan antelope numbers and other rare antelope species 

such as sable antelope, gave wildlife managers and conservationists reason for concern 

and various possible hypotheses were tested through different research approaches 

(Martin, 2003).  

 

Joubert (1970) studied the social behaviour of the roan antelope population situated at 

the northern plains of the Kruger National Park and found that the park contained limited 

suitable habitat for roan antelope. According to reports by early park wardens, the former 

stronghold of roan in the Lowveld region was along the foothills of the Drakensberg 

mountain range, excluded from the boundary of the Kruger National Park in the early 

1900’s. Joubert (1970) stated that according to estimations in 1912, the roan population 

in the southern half of the KNP was double the size of that of the northern roan 

population. Throughout the previous century the southern populations declined until they 

eventually disappeared.  

 

The reason for this disappearance could have been that the roan antelope occurring in 

the southern parts of the KNP only occurred there because they migrated between the 

lower-laying areas of the Lowveld and the foothills of the Drakensberg as seasons 

changed. It could also be that they never occurred in one place all year round because 

of nutritional deficiencies in preferred areas. Since the fencing of the park boundary, 

these populations could not continue their seasonal movements and diminished over 

time. There is the possibility as well that roan antelope in the northern half of the KNP 
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could have moved into more favourable Mozambican areas adjacent to the KNP during 

certain times of the year or during dry cycles (C.C. Grant, 2004. Pers. comm..)2.  

 

Dorgelöh (1998) stated that, based on the findings of various scientists, the ecological 

patterns of rare species such as roan antelope may ultimately lead to their extinction in 

specific areas. He then summarized specific behaviours and characteristics of roan 

antelope, as documented by various scientists, on whom he based his statement 

(Joubert, 1970; Joubert, 1976; Wilson and Hirst, 1977; Heitkönig, 1993): 

 

1. Roan is an ecotonal species that is found in nutrient poor savannahs such as 

miombo woodlands 

2. Roan are highly selective of food plants even under stress situations 

3. Roan are always at a disadvantage in a competitive situation as other species 

are normally more dominant causing roan to withdraw into secluded areas 

4. Newly born calves are hidden away from the herd for up to 6 weeks, which 

contribute to high calf mortalities 

5. A high proportion of calves are weaned at the end of the dry season when 

forage protein and phosphorus levels are too low to provide adequate nutrition 

6. Intraspecific aggression by a herd bull may impact significantly on the sub-adult 

male age group within a herd 

 

The major question of the actual suitability of KNP for sustaining large numbers of roan 

antelope was answered previously when Joubert (1976) stated that roan antelope 

habitat within the KNP was marginally sufficient. He stated further that due to the limited 

suitable habitat in the KNP a population greater than 350 animals in the entire park 

should never be expected.  

 

In a comprehensive report on the population status of rare antelope species (sable 

antelope, roan antelope and tsessebe Damaliscus lunatus) in southern Africa, Martin 

(2003) considered the influence of veterinary fences on the movement of these antelope 

species between Namibia and Botswana to be a major constraining factor. Populations 

may become isolated and diminish over time.  
                                                 
2 Dr C.C. Grant, January 2004. Scientific Services, Skukuza, Kruger National Park. Ph. (013) 735 
4415 
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A further important limiting factor, as was pointed out by Martin (2003), was the negative 

influence of large numbers of elephant Loxodanta africana on the habitats required by 

these specialist feeders. Martin (2003) reported that the roan antelope and tsessebe 

populations in the Sebungwe region of Zimbabwe declined almost to extinction over a 

period coinciding with the rapid increase of the elephant population and the subsequent 

large-scale structural changes in the habitat. According to Martin (2003) the influence of 

elephant on the habitat is the most severe limiting factor second to below normal rainfall 

cycles. Elephant and their effect on habitat could therefore be a key factor influencing 

the KNP roan antelope population. 

 

Joubert (1970) reported that despite the fact that roan antelope are very fertile, 

populations seem to have an apparent maximum density at comparatively low levels, 

which indicate a mechanism of self-regulation. This self-regulating mechanism has to do 

with the major features determining optimal roan habitat and the social organisation of a 

roan antelope population (Joubert, 1970). Considerable intra-specific aggression by roan 

antelope is most probably an evolutionary adaptation to ensure sufficient habitat of good 

quality for each herd (Wilson and Hirst, 1977). Wilson and Hirst (1977) recommended a 

maximum population density of 4 animals/km2 with a minimum range size of 1 500 ha for 

a population of 40-50 animals. Roan antelope therefore seldom exists as a dominant 

species in any African savannah ecosystem (Martin, 2003). 

 

Following the earliest, most extensive studies involving rare antelope species, covering 

an array of possible limiting factors, Wilson and Hirst (1977) concluded that the causes 

of diminishing roan antelope numbers were a complex of correlated factors involving 

disease, malnutrition and habitat quality. Roan and sable antelope populations studied in 

most of the South African locations (Transvaal Nature Reserves) were in a sub-optimal 

nutritional state compared to populations in Zimbabwe. This was primarily due to the 

insufficient nutrient status of the natural resources of the habitat of South African 

populations (Wilson and Hirst, 1977). 

 

 

Harrington et al. (1999) used data in the form of observations and standard data 

recordings of climatic, animal and vegetation surveys recorded over years of KNP 
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management. Various possibilities for the decline in roan antelope population numbers 

in the KNP were investigated: 

  

¶ Competition from zebra and wildebeest following the introduction of water 

points 

¶ Increased predation following the influx of zebra and wildebeest 

¶ Habitat deterioration driven by prolonged sub-normal rainfall 

¶ Anthrax outbreak 

¶ Stress associated with annual immunization practises 

 

Results from the study indicated that four potential causes of the roan decline seemed 

prominent and related. The lower rainfall trends through the late 1980’s terminating in 

the 1991/2 droughts degraded favourable grassland structure for all ungulate species 

preferring taller grasslands. The influx of zebra and wildebeest because of park 

management’s decision to increase the number of waterholes in and around the region 

where roan antelope populations occurred, aggravated the situation. Zebra and 

wildebeest kept the grass structure short throughout the dry cycle and drastically 

increased the herbivore density in the region. The high numbers of zebra and wildebeest 

increased the lion population in the area and resulted in a sudden higher predation 

pressure on the roan antelope population, exacerbated by the higher inter-competition 

pressure for food resources from zebra and wildebeest. The higher predator pressure 

was most probably one of the major reasons for the increase in adult mortalities during 

the roan population’s period of rapid decline (Harrington et al., 1999).  

 

According to Harrington et al. (1999) the fact that it was not lower calf and juvenile 

survival rates that coincided with the period of declining numbers, suggested that 

nutritional factors were not the prime cause of diminishing numbers. However, there 

were some limitations in the data in terms of routine ungulate censuses, limited samples 

and incomplete animal number data (Harrington et al., 1999).  

 

According to Martin (2003) the primary limiting factor of roan antelope and other rare 

antelope species in southern Africa is the fact that many areas in which roan antelope 

are conserved falls within a marginal rainfall area for the species (300–400 mm/annum).  
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Martin (2003) further stated that the performances of rare antelope species are linked to 

long term cumulative rainfall surpluses and deficits. His statements supported the 

findings of Harrington et al. (1999), who found that the majority of ungulate population 

numbers preferring tall grass habitat in the KNP were strongly correlated to rainfall 

patterns. This was true for roan antelope as well. However, the sudden sharp decrease 

in roan numbers could not have been due to a single below average rainfall period only 

(Harrington et al., 1999).  

 

In summary, various factors seemed to have contributed, either jointly or individually, to 

the sudden decrease in roan numbers.  

 

 

2.2. CONCLUSIONS 

 

Considerable evidence indicate that an increase in predation as well as grazing pressure 

contributed to the initiation of the sharp decrease in the roan numbers on the northern 

plains of the KNP. However, various other populations throughout southern Africa 

showed the same tendency under different environmental and ecological circumstances. 

It is therefore perhaps more important to know what to monitor within a specific rare 

antelope population in order to be able to identify and even anticipate possible threats on 

a particular population. However, what is of greater concern is the roan population’s 

apparent inability to recover from their population crash. Waterholes have been closed 

again, rainfall cycles have recovered and grazing/predator pressure have decreased yet 

the roan population kept decreasing or at least remained more or less stable.  

 

It was consequently decided to embark on a comprehensive evaluation of the nutritional 

status of the habitat and the populations of the KNP and compare it to that of the 

Graspan population in order to attempt to quantify the specific habitat and dietary needs 

of the species. A sub-optimal nutrient status exacerbated by inter- or intra-specific 

competition in any herbivore population could contribute significantly to its vulnerability 

under pressures.  

Should it be concluded that the nutritional status of the habitat in which roan exist on the 

northern plains of the KNP is sufficient in supplying the required nutrients and minerals 

for optimum survival and reproduction, it can be concluded that nutritional deficiencies 
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were not a major contributing reason for their population crash in the 1980’s. More so, it 

will not be the reason for their inability to increase in their population numbers. If proven 

otherwise, nutritional deficiencies might have contributed extensively to the roan 

antelope’s vulnerability during specific periods of the year, to both competition as well as 

predation. Too many pressures on the population at one specific point in time might 

have pushed the population over a stress-threshold from which it could not recover 

under natural conditions or in the presence of acceptable, natural pressures. 
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CHAPTER 3 

 

 

STUDY AREAS 

 

 

3.1. KRUGER NATIONAL PARK 

 

The remnant free roaming populations of roan antelope within the boundaries of the 

KNP are scattered across the north-eastern basaltic plains to the north and south of the 

Shingwedzi River. This region forms part of the Letaba Formation (Lebombo Group, 

Karoo Supergroup) and is characterized by heavy black clay soils. Soil depth varies 

considerably and may exceed one metre. The underlying formation is mostly comprised 

of a deep impermeable layer of calcareous rock (Joubert, 1976; Mucina and Rutherford, 

2006). The main vegetation type is Colophospermum mopane shrub veld. Within this 

region two roan populations exist within two separate enclosures. The N’washitsumbe 

enclosure is situated approximately 50 km to the north of the Shingwedzi River 

(Shingwedzi Rest Camp) and the Capricorn enclosure is situated approximately 50 km 

to the south of the Shingwedzi River, close to the Mopani Rest Camp. Both these 

enclosures are situated in the Mopane Basalt Shrubland Veldtype (Mucina and 

Rutherford, 2006). 

 

 

3.1.1. N’WASHITSUMBE 

 

The N’watshitsumbe enclosure was built in 1967 for the purpose of more intensive 

research on the ecology of roan antelope (Joubert, 1970). The enclosure was erected in 

the middle of preferred roan habitat on the north-eastern basaltic plains covered 

primarily by mopani shrubland. The enclosure itself consists mainly of mopani shrubland 

savannah, but also contains a small piece of grassland savannah in a vlei area and a 

Sclerocarya birrea – Acacia nigresescens tree savannah area (Joubert, 1970). The 

enclosure was 254 ha in size and properly fenced in order to keep all predators and 

herbivores out.  

 
 
 



CHAPTER 3 

 

27 

 

Figure 3.1 Biomes of South Africa indicating all the study areas within the Savannah Biome 

 
 
 



CHAPTER 3 

 

28 

 

Figure 3.2 Geology of the northern plains of the Kruger National Park, indicating the two 

roan enclosures, N’washitsumbe and Capricorn, situated on the basalts  
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In 1984 another 48 ha were added to the eastern boundary of the enclosure to include a 

part of the adjacent watercourse and the associated ecotonal wetland vegetation (Grant, 

2003). 

 

 

3.1.2. CAPRICORN  

 

Roan antelope were fairly recently introduced to the Capricorn or Mooiplaas Rare 

Antelope Enclosure. In March 2003, 19 animals were removed from N’washitsumbe and 

relocated to the Capricorn enclosure. The enclosure is 500 ha in size and is also 

situated on the northern basaltic plains of the mopani shrub savannah region (Grant, 

2003). Three vegetation types have been identified within this enclosure: mopani shrub 

savannah, mixed savannah and open grassland (Grant and De Buys, 2004). 

 

 

3.1.3. FREE ROAMING POPULATION 

 

At present, very little is known about the free roaming roan population on the northern 

basaltic plains of the KNP. During the course of the study, at least one sighting of roan 

antelope outside the enclosures was made within the vicinity of the N’washitsumbe 

enclosure, which suggested that they still mainly occurred within the proximity of the 

enclosures. According to the annual species survey data of 2003, a free-roaming 

population of approximately 33 roan still existed within the entire KNP.  
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Figure 3.3: Lush vegetation of N’washitsumbe in the wet season– March 2006 

 

 

Figure 3.4: Very low biomass and poor grazing quality in N’washitsumbe in the late dry 

season before the first summer rains – October/November 2005 
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3.2. VAALBOS NATIONAL PARK 

 

Vaalbos National Park is situated in the Northern Cape Province of South Africa. It 

consists of two separate sections - the Than-Droogeveld section (18 129 ha) and the 

Graspan-Holpan (GH) section (4 576 ha) of which the latter is situated 25 km west of 

Kimberley (Bezuidenhout, 1995). The GH section is subdivided into several camps of 

which the largest (north-western section) was occupied by a herd of roan antelope 

(approximately 55 animals). This section is part of the Kalahari Thornveld veld type 

(Mucina and Rutherford, 2006) even though the savannah was dominated by 

Tarchonanthus camphoratus shrubs.  

 

The GH section is mainly underlain by three geological systems that vary from andesitic 

to basaltic lava outcrops as well as tillite and shale outcrops in the south, to red fresh-

coloured aeolian sand with surfacing limestone patches in the north (Bezuidenhout, 

1995). The soil consisted mainly of deep sandy to loamy soils of the Hutton soil form and 

formed slightly undulating sandy plains (Mucina and Rutherford, 2006). Small pans often 

formed in the low laying areas where some Acacia erioloba trees often occurred. This 

part was mainly covered by the Hermannia tomentosa – Schmidtia pappophoriodes, 

short closed grassland and the Tarchonanthus camphoratus – Rhus ciliata high closed 

shrubland vegetation types (Bezuidenhout, 1995). Schmidtia pappophoroides, Eragrostis 

lehmanniana and Stipagrostis uniplumis were among the dominant grass species which 

occurred in both vegetation types (Bezuidenhout, 1995). Scattered stands of Themeda 

triandra also occurred within these vegetation types.  

 

 

3.3. SABLE RANCH 

 

Sable Ranch is a private game reserve approximately 25 km north of the town Brits in 

the Northwest Province of South Africa. The reserve is approximately 3000 ha in size 

and contains one of the largest privately owned sable antelope populations in South 

Africa. Roan and sable antelope are bred semi-intensively in large enclosures varying 

between 50 -150 ha in size. Sable Ranch has a supplemental feeding program as well 

as a comprehensive record keeping system for their rare antelope breeding programme.  
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The habitat of Sable Ranch mostly consist of the Mixed Bushveld veld type (Acocks, 

1988) or Central Sandy Bushveld veld type (Mucina and Rutherford, 2006). Most of the 

property is situated on sandy granite soils. The annual rainfall of the area is 

approximately 620 mm per year and the geology is predominately red granite of the 

Lebowa Granite Suite and some granophyres of the Rashoop Granophyre Suite of the 

Bushveld and Vaalian Complexes (Dörgeloh, 1998; Mucina and Rutherford, 2006).  

 

The soil consists mostly of well-drained, deep Hutton and Clovelly soils often with a 

catenary sequence due to all the granite outcrops in the largest part of the central 

reserve area (Mucina and Rutherford, 2006).   

 

 

 

Figure 3.5: Dry season landscape of the Graspan/Holpan section of Vaalbos National 

Park – July 2005 
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ROAN ANTELOPE HABITAT AND FEEDING PREFERENCES 

 

 

4.1 LITERATURE REVIEW 

 

In this chapter preference was given to habitat and dietary selection by roan antelope 

above that of sable antelope since the primary habitat and nutritional evaluation was that 

of the roan antelope populations in the two KNP enclosures and the Graspan population. 

The habitat selection and preference of sable antelope was included since the nutritional 

status of roan and sable was compared later in the study.  

 

The roan antelope is the second largest antelope species in Africa with adult bulls 

weighing between 250-275kg and adult cows between 225-245kg (Skinner and 

Chimimba, 2005; Furstenburg, 2006). The shoulder height of adult bulls varies between 

130-145cm and that of females range between 125-135cm. Under optimal conditions 

roan are very fertile and can breed prolifically (Joubert, 1976). Females can conceive at 

two years already and have an average gestation period of 270-290 days. Their inter-

calving period can be as short as 317 days (10-11 months) (Joubert, 1976; Furstenburg, 

2006).  

 

Sable antelope are closely related to roan antelope but are smaller in body size and 

shoulder height. The live weight of mature sable bulls range between 200-250kg and 

that of females between 180-220kg (Skinner and Chimimba, 2005; Furstenburg, 2006). 

The average shoulder height of bulls range between 130-140cm and the shoulder height 

of females range between 115-130cm (Skinner and Chimimba, 2005; Furstenburg, 

2006). Age at first conception of sable females (2.5 years) is generally later than that of 

roan females. However, their age at first conception could be decreased to below two 

years under optimal, intensive production systems (Skinner and Chimimba, 2005).  
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Sable have a similar gestation period as roan of approximately 266 days (Skinner and 

Chimimba, 2005; Furstenburg, 2006) with an average inter-calving period of 12 months 

(Furstenburg, 2006).  

 

The habitat and grazing ecology of the roan antelope have been thoroughly researched 

since the 1970’s in the KNP (Joubert, 1970; Joubert, 1976; Harrington et al., 1999; Grant 

et al., 2002) and across southern Africa (Joubert, 1976; Erb, 1993; Heitkönig and Owen-

Smith, 1998; Martin, 2003). Roan antelope are widely distributed throughout the central 

and western parts of Africa, occupying all savannah areas and peripheral semi-arid 

areas south of the Sahara (Skinner and Smithers, 1990; Toms and Joubert, 2005).  

 

South Africa hosts the most southern roan antelope populations implying that the habitat 

occupied by roan antelope in South Africa is marginally sufficient (Joubert, 1976; Wilson 

and Hirst, 1977). Wilson and Hirst (1977) stated that: “The whole complex of habitat use 

and the relevant feeding strategies of roan and sable antelope on Transvaal nature 

reserves are of major significance in their maintenance and successful conservation.”  

 

Various factors affecting the preference of roan antelope for a specific habitat have been 

studied (Joubert, 1970; Joubert, 1976; Wilson and Hirst, 1977; Dörgeloh, 1998; 

Harrington, et al., 1999). These studies investigated factors such as soil type, grass 

species composition, greenness, plant structure, forage quantity and quality, browse 

availability, canopy cover, tree density and visibility. Joubert (1976) found that the 

condition of the grass stratum (grass height) is as critical as the density of the shrub 

strata in determining the quality of roan habitats.  

 

 

4.1.1 HABITAT STRUCTURE 

 

In general, the habitat preferred by roan antelope is described as a lightly wooded 

savannah with open areas (wetlands) of medium to tall grass (Joubert, 1976; Apps, 

1996; Dörgeloh, 1998c; Martin, 2003). Roan antelope are tolerant to low bush growth of 

up to 1.5 m tall, provided it is open and patchy. Roan antelope are well adapted to tall 

grass of heights up to 1.5m and consequently avoid short grass areas, for instance the 

green flush after burns (Martin 2003).  
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However, according to observations made by Dörgeloh (1998c) over a two year period in 

the Nylsvlei Nature Reserve, South Africa, the new short grass of burnt areas was 

utilised by roan antelope. Joubert (1970) described different habitat types frequented by 

roan antelope populations in Angola and the KNP. Although very different in botanical 

composition, there were three major similarities: 

 

1. Open grass plains or grass patches of variable sizes 

2. Easily accessible cover in the form of a shrubby, wooded fringe 

3. Open surface water 

 

According to Joubert (1970) these habitat characteristics could be typical of any optimum 

habitat for roan antelope.  Dörgeloh (1998c) found that the roan breeding herd in 

Nylsvlei Nature Reserve preferred areas with grass taller than other available plant 

communities during the summer and winter seasons.  Of various habitat aspects grass 

height, biomass, tree density and canopy cover were found to be the most important 

factors influencing roan habitat selection. Specific sites selected within specific plant 

communities preferred by roan antelope showed that of all the different habitat facets 

measured, vegetation structure differed significantly. Roan antelope selected sites with 

significantly higher total grass height, above-ground biomass and grass tuft height and 

lower canopy and tree densities in comparison to areas not preferred. Similarly, 

Heitkönig (1993) found that roan in Nylsvlei showed no significant preference for a 

particular soil type but rather for the physiognomy of the habitat. As reported by Joubert 

(1976), Heitkönig (1993) also found that roan had a significant preference for grasslands 

over savannahs. These findings proved that habitat structure is one of the most 

important factors influencing habitat preference by roan antelope (Dörgeloh, 1998).   

 

 
4.1.2 DIET PREFERENCE 

 

In a comprehensive study within a newly built roan antelope enclosure, N’washitsumbe, 

in the northern plains of the KNP, Joubert (1976) found that the diet of roan antelope 

consisted 75 % of grasses and 25 % of browse. The main grass species selected by 

roan antelope in the N’washitsumbe enclosure was well represented in the preferred 

roan habitat.  
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The selected grass species consisted of the following (ranked according to a preference 

rating):  

Themeda triandra, Eragrostis superba, Heteropogon contortus, Schmidtia 

pappophoroides, Digitaria pentzii, Setaria woodii and Cenchrus ciliaris.  

 

Other important species also preferred by roan but not as readily available at that stage 

were: 

Urochloa mozambicenses and Enneapogon cenchroides. Of the three main plant 

communities available in the enclosure (Schmidtia pappophoroides – Pannicum 

coloratum (72 %), Schmidtia pappophoroides – Digitaria pentzii (20 %) and Setaria 

woodii – Panicum coloratum (8 %)) the most preferred plant community on utilisation per 

unit area basis was found to be the Setaria woodii – Panicum coloratum community. This 

“vlei” community comprised only 8% of the total surface area of the enclosure but was 

preferred twice as much as the other communities according to a preference rating.  

This was especially the case in the dry season. Joubert (1976) also observed a sharp 

increase in the utilisation of Schmidtia pappophoroides, Cenchrus ciliaris, Digitaria 

pentzii and Heteropogon contortus during the late dry season.  

 

The woody species utilised by roan antelope in the N’washitsumbe enclosure were the 

following: Dalbergia melanoxylon, Lonchocarpus capassa, Indigofera sp., Albizia harveyi 

and Dichrostachys cinerea. Most of these woody plants were browsed during the dry 

period of the year but also in some instances in the wet season when the plants 

produced green shoots (Joubert, 1976).  

 

In Percy Fyfe Nature Reserve in the Limpopo Province, South Africa, Wilson and Hirst 

(1977) studied the feeding preferences of the roan and sable antelope. Two roan 

antelope bulls were placed in a 0.5ha enclosure erected within a habitat area preferred 

by roan antelope. During an eleven-day period roan showed a strong preference for the 

following grass species: Heteropogon contortus, Rhynchelytrum repens, Eragrostis 

superba, Schizachyrium sanguineum. Other species also preferred were Hyparrhenia 

hirta, Trichoneura grandiglumis and Themeda triandra. An interesting observation by 

Wilson and Hirst (1977) was that the diet of the two roan bulls consisted only of 

approximately 15% of the available grass species in the enclosure. Most of the dominant 

grass species (e.g. Digitaria pentzii) were not selected by the roan bulls. This proved the 
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extent of the highly selective feeding habits of roan antelope (Wilson and Hirst, 1977). 

Observations from sable antelope in the Rustenburg Nature Reserve, Loskop Dam 

Nature Reserve, Hans Merensky Nature Reserve and Matetsi area (Zimbabwe) showed 

that Themeda triandra, Heteropogon contortus and Eragrostis sp. were grass species 

preferred by all the populations (Wilson and Hirst, 1977).  

 

In 1972 roan antelope in Percy Fyfe Nature Reserve occurred in a 430ha enclosure 

(Wilson and Hirst, 1977). Roan antelope maintained their body condition much better 

and had a lower disease incidence than sable antelope during the dry months in Percy 

Fyfe. This was attributed to the fact that roan antelope increased their browsing 

frequency up to 59% of their total feeding time during the dry season. On the contrary, 

sable antelope were never observed browsing during the course of the study in any of 

the then Transvaal reserves (currently Limpopo and Mpumalanga Provinces) (Wilson 

and Hirst, 1977). The woody species mostly selected by roan antelope in Percy Fyfe 

were Acacia karroo and Rhus lancea. Other preferred browsed species included Olea 

africana, Acacia caffra, and Faurea saligna. However, in 1973 the roan antelope 

population gained access to a much larger area (2 061 ha) and their browsing incidence 

dropped significantly to approximately 11%, suggesting that roan antelope prefer grazing 

but could readily switch to browsing should preferred grass species decline and feeding 

competition increase.  

 

In a study in the Waterberg Plateau Park, Namibia, Erb (1993) found that roan antelope 

selected Brachiaria nigropedata, Panicum kalahariense, Eragrostis jeffreysii, 

Andropogon schirensis, Triraphis schinzii and Digitaria seriata. All these species with the 

exception of E. jeffreysii were climax grass species. The feeding height ranged between 

25.6cm and 8.1cm. Woody plants browsed included Grewia reticulate, Lonchocarpus 

nelsii, Acacia ataxacantha and Ochna pulcra. Most of the browsing was observed in the 

drier months between April and November.  

 

In Nylsvlei Nature Reserve, Limpopo Province, Heitkönig (1993) found that roan 

antelope preferred grass swards with a favourable green:old leaf ratio on alluvial soils 

and a favourable leaf:stem ratio on felsitic and sandstone soils. Areas with grass 

consisting of very high stem densities were avoided. During the dry season roan 

preferred areas that offered higher densities of green leaves.  
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In Nylsvlei the diet of roan consisted 84% of grass and 8.2% of browse with no 

significant increase in browse during a specific season (Heitkönig, 1993). Grass species 

making up the diet consisted of Cenchrus ciliaris, Eragrostis lehmanniana, Schmidtia 

pappophoroides, Hyperthelia dissoluta, Digitaria eriantha, Heteropogon contortus and 

Eragrostis pallens. There was no consistent preference for or against any of these grass 

species. However, E. lehmanniana was the dominant grass in the Acacia-site but was 

generally avoided accept during August/September. S. pappophoroides, P. maximum 

and C. cilliaris encompassed 29% of the available tufts and were generally preferred all 

year round. Hyperthelia dissolute and Panicum maximum were preferred over Eragrostis 

pallens which was mostly avoided (Heitkönig, 1993).  Woody plants selected were 

Combretum molle, Grewia flavescens and Burkeya africana, all year round.  

 

Dörgeloh (1998) found that during the summer months roan antelope breeding herds 

preferred the open, lower floodplain of the Nylsvlei Nature Reserve, Limpopo Province, 

South Africa. The floodplain’s mean grass height was higher than other plant 

communities. In the winter months a reduction in green leaf density (Heitkönig and 

Owen-Smith 1998) and a reduced forage quality most probably forced roan antelope out 

of the floodplain (Dörgeloh, 1998). These observations corresponded with the 

observations of Heitkönig and Owen-Smith (1998) on the same roan antelope population 

in Nylsvlei. According to Heitkönig and Owen-Smith (1998) roan antelope in Nylsvlei 

Nature Reserve preferred open grassland to wooded savannah areas. Contrasts in the 

physiognomy of the landscape primarily influenced the habitat preferred by roan. The 

particular soil type was of secondary importance in the selection of the landscape 

(Heitkönig and Owen-Smith, 1998).  

 

Knoop and Owen-Smith (2006) found a significant seasonal difference in plant species 

as well as grazing area selection by roan antelope in the N’washitsumbe enclosure. 

However, the extent of plant species and grazing area preference was largely influenced 

by seasonal rainfall patterns. The roan population generally preferred the bottomland vlei 

area during the winter months and this corresponded with the findings of Joubert (1976). 

The dominant grass species Sporobolus pyrimidalis and Ischaemum afrum within the 

wetland was extensively utilised during the dry winter months. These species were 

utilised much less during the summer months. Sporobolus ioclados was restricted to 

sodic patches on the ecotone between the bottomland and upland.  
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S. ioclados was little utilised except in the late summer. P maximum and Panicum 

coloratum were extensively utilised in the upland region, mostly in summer but also 

extensively in the drier than normal 2002 winter months. T. triandra was generally 

utilised to a much lower degree than what would have been expected but made a larger 

dietary contribution in the very dry winter of the year 2002. These findings did not 

coincide with the findings in a study by Joubert (1976) where it was found that P. 

coloratum played a less significant role in the diet of roan antelope within N’washitsumbe 

compared to T. triandra, which was the most important food source in all the seasons at 

that time. 

 

Knoop and Owen-Smith (2006) further observed that S. pappohoroides and U. 

mosambiscensis was generally not well utilised except in abnormally dry seasons. 

Contradictory, Joubert (1976) found S. pappophoroides and Urochloa mosambiscensis 

to be a major constituent in the diet selection of roan in N’washitsumbe.  

 

Codron et al., (2009) found through ŭ13C stable isotope analysis of herbivore faeces in 

the northern basaltic plains of the KNP that roan antelope are almost exclusively grazers 

with a maximum of 7% browse in the late dry season. Due to the relatively small 

quantities of browse utilised by roan it is feasible to focus on grass nutrient 

concentrations in combination with faecal nutrient concentrations for dietary nutrient 

evaluations. 

 

 

4.1.3 PREDATOR EVASION AND HABITAT SELECTION 

 

Inducible defences in herbivores are, for instance, the changes in the behaviour of a 

species or population in response to predation (Creel et al., 2007). Inducible defences in 

herbivores can reduce the predation risk of an individual or population but could come at 

a cost (Creel et al., 2007). In Yellowstone National Park, USA, Creel et al. (2005) found 

that elk Cervus elaphus adapted their grazing patterns and habitat selection after the 

introduction of wolves into the park. Elk favoured grassland for foraging but readily 

moved into wooded areas in the presence of wolves. Over time this behaviour not only 

seemed to have affected the vegetation, but also the reproduction rates of the elk 

population.  
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Even though predation pressure was correlated with calf:cow ratios, there were very little 

evidence of direct wolf predation on young calves. Results therefore suggested that 

direct predation had a lesser effect on calf survival than, for example, the decreased 

ability of cows to raise calves successfully when utilising less preferred foraging areas as 

part of their predation evasion measures (Creel et al., 2005; Creel et al., 2007).  

 

Roan antelope are primarily grazers and only utilise browse extensively when resources 

are limited (Wilson and Hirst, 1977). Roan has a stronger preference than sable for open 

savannahs with a low tree density and canopy cover, hence higher visibility (Joubert, 

1976; Wilson and Hirst, 1977). This includes patches of open grassland (dambo’s) 

surrounded by a denser woodland fringe (Joubert, 1976). Valeix et al. (2009) found that 

the behaviour of herbivores in an African savannah was influenced by the risk of lion 

predation. Most herbivore species in the Hwange National Park, Zimbabwe, shifted to 

open grassland areas in the presence of lions whereas some grazers preferred denser 

vegetation for short periods with lions in close proximity. Most browsers moved into open 

grassland areas when lions were in the vicinity.  

 

In a study of the habitat preference and utilisation of roan during two consecutive winter 

seasons within the N’washitsumbe enclosure, Knoop and Owen-Smith (2006) found that 

roan utilised a wide variety of grass species throughout the enclosure. However, there 

were particular preferences to grass species within the wetland of the enclosure during 

the dry months. The more severe the dry season, the wider was the diet as well as 

habitat selection throughout N’washitsumbe.  

 

 

4.2 OBJECTIVES 

 

The objectives of this study were to: 

 

¶ Evaluate whether or not habitat structure influences habitat selection by roan in 

the absence of predators 

¶ Identify preferred grass species by roan in the dry and wet season in order to 

sample a representative diet selection with which to estimate dietary nutrient 

levels 

 
 
 



CHAPTER 4 

 

41 
 

4.3 MATERIALS AND METHODS 

 

Habitat structure surveys were only conducted within the two KNP study areas and not in 

the Vaalbos National Park study area because a buffalo herd of over 100 animals was 

introduced onto the study area at Vaalbos National Park’s Graspan/Holpan section a few 

months after the study commenced. The presence of a large number of bulk grazers, 

such as buffalo, within a relative small confined area, such as within the enclosure at 

Graspan, jeopardised the indication of habitat preference by means of signs of forage 

utilisation and/or trampling by roan antelope. Habitat overlap occurred between buffalo 

and roan antelope and it was not possible to correlate forage utilised and trampled to a 

specific herbivore species, unless it was utilised very recently so that fresh tracks were 

present.  

 

The presence of other herbivores in large numbers within the same range area of the 

roan antelope in the Graspan section of Vaalbos National Park made it therefore 

impossible to use the same methods to measure habitat structure and to try and 

correlate it with habitat preference, as in N’washitsumbe. The Graspan study area was 

therefore not included in the habitat preference surveys. However, through tracking 

grazing roan herds within Graspan, many observations of areas and grass species 

utilised and preferred were recorded and will be discussed where applicable.  

 

In Capricorn a herd of approximately 20 tsessebe shared the 500 ha enclosure with 

approximately 20 roan antelope. This enclosure was largely under-stocked and it was 

therefore decided to include the enclosure in habitat preference surveys with the 

assumption that all utilised areas were that of roan antelope. In many instances sample 

plots were put where roan antelope have been seen grazing. However, a fair degree of 

overlap might have occurred.  

 

Habitat selection and preference surveys were conducted during the mid wet season 

(March) in N’washitsumbe and Capricorn. Due to the tendency of roan to select for plant 

greenness, especially in winter months, it was argued that habitat structure was of less 

importance in the dry season when preferred food sources were scarce. During the mid 

rainy season all grass species are abundantly available, equally green and highly 

nutritious.  
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It was therefore assumed that the relevance of habitat structure in habitat selection 

would be more significant in the wet season when most areas could be utilised and 

animals are not necessarily forced to utilise areas where the habitat physiognomy is not 

preferred. 

 

 

4.3.1 HABITAT STRUCTURE 

 

Since the habitat physiognomy is of significant importance in determining the habitat 

suitability for roan antelope (Joubert, 1976), a standard method should be used in order 

to measure the height and density of the grass and woody layers within a specific 

habitat. For measuring the tree density within the respective vegetation types in habitat 

preferred by a species, Joubert (1976), Wilson and Hirst (1977) and Ben-Shahar (1995) 

all used variations of the “Density Board” method (De Vos and Mosby, 1969) as 

described by Joubert (1976).  

 

The density board measures the density of the vegetation in terms of the degree of 

visual obstruction. The degree of lateral visibility implies the measure of cover provided 

by the vegetation at different height levels (Joubert 1976). However, this method is time 

consuming and laborious since more than one person is needed to conduct the surveys. 

For the purpose of this study it was therefore decided to use the simpler and quicker 

Point-Centred Quarter Method to measure tree density and canopy cover (Ben-Shahar, 

1995; Arvanitis and Portier, 1997; Mitchell, 2005).  

 

Sampling plots within a study area were randomly allocated within each vegetation type. 

In some instances a sample plot was allocated in a spot where roan antelope have been 

seen grazing in order to measure the degree of grazing and/or trampling in an area 

obviously preferred by roan. This was also done to determine the specific grass species 

selected by the grazing herd.  

 

At each sampling plot a 100m transect line was set out straight in a specific direction, 

away from any disturbances like roads and fences. Along the transect line an imaginary 

line was set perpendicular at every 25m across the transect line, forming four 90 degree 

quarters.  

 
 
 



CHAPTER 4 

 

43 
 

Within each quarter the nearest tree to the centre point of the four quarters was 

identified and measured: the distance from trunk to the centre point, its height from the 

ground to the highest tip of the tree and its canopy diameter at its widest point. A tree 

was represented by a Tree Equivalent (TE), which is defined as all trees and shrubs 

1.5m and higher (Tainton, 1999). The distance to a tree was measured to the trunk of 

the tree or main stems of a shrub. The distances to trees were measured using a range 

finder or a measuring tape, depending on the distance - with a cut-of distance set at 

100m. Tree heights were measured by means of a four metre measuring rod.  

 

Grass height measurements were conducted every metre of the ten last metres 

preceding a 25m quadrate point. Grass heights were measured using a range rod and 

the height of the closest grass tuft/inflorescence at each one of the ten metres was 

recorded. There was no differentiation between plant parts and merely the highest point 

of a specific sward was recorded.  

 

All together four Point-Centred Quarter surveys were conducted per sampling plot. 

Generally, three sampling plots were identified within every plant community of each 

habitat studied. In some instances where the specific vegetation type was very small 

only two random sampling points were surveyed and in other instances where the 

vegetation type was large and more sampling points were necessary, four random 

sampling plots were surveyed. Consequently, on average, twelve Point-Centred 

Quadrate surveys were conducted per vegetation type (three sampling plots of four 

quadrates each).  

 

Absolute tree densities were calculated at every quadrate in order to correlate the 

degree of foraging and trampling to the tree density, canopy cover as well as tree height 

on the spot. The tree densities were calculated according to the method stipulated by 

Mitchell (2005) where:  

            

    1   

Absolute Tree Density / hectare   =  l  =  Ř2  × 10’000 

 

Where Ř = the mean distance to a tree at that point 
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A total of 56 quadrates was sampled in N'washitsumbe along 14 randomly placed 

transects and 40 quadrates in Capricorn along ten randomly placed quadrates. Broad 

vegetation types were used in each enclosure in order to ensure that all the major veld 

types were sampled. N’washitsumbe had higher visible vegetation diversity and the 

enclosure was divided into four broad vegetation types – Mopani shrubland, Marula 

savannah, sodic ecotone and the wetland.  

 

Capricorn is a larger enclosure than N’washitsumbe with less distinct vegetation types. 

Its vegetation was broadly classified into three veld types – Mopani-veld, Combretum-

veld and a wetland area. These areas were classified based on the dominant or 

prominent tree species within the specific veld type unless it was a wetland area. 

 

 

4.3.2 DIET PREFERENCE   

 

The identification of utilised grass species from fibre fragments in the faeces of roan 

antelope can be used to determine the specific grass species utilised.  

This method, as described by Wilson and Hirst (1977) and Erasmus et.al. (1978), could 

give valuable information about the grass species utilised by roan in the different study 

areas. However, the method is very time consuming and for the preparation of reference 

slides, extra funds and some knowledge of selected grass species are needed. The 

identification of preferred grass species was very important for determining the grasses 

comprising the main diet component of roan. These preferred grass species were then 

sampled in order to determine their respective nutrient and mineral concentrations. 

 

Observations of grass species selected are best presented as a fraction of the relative 

availability of each grass species. In other words the frequency of occurrence of each 

grass species within the specific habitat linked to the degree of selection gives the best 

indication of the species preference of a herbivore (Joubert 1976). This was only partially 

done in this study and complete species frequency surveys were not done in all 

enclosures. Information on the utilisation of key grass species based on previous studies 

(Joubert 1976; Wilson and Hirst, 1977; Knoop and Owen-Smith, 2006) was mainly used 

to identify key grass species that could serve as an indication of habitat nutrient status.  
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This data was further expanded and supplemented through observations made by 

tracking herds, walking through all areas of the study locations in search of faeces as 

well as from many observations made during the Point-Centred Quadrate surveys in 

summer. 

 

In N’washitsumbe, roan antelope was the dominant animal species with a small group of 

Lichtenstein’s hartebeest Sigmoceros lichtensteinii present. A herd of 20 Tsessebe were 

present in Capricorn. No other large herbivores occurred within the enclosures. 

Nevertheless, the assumption that every utilised tussock was from foraging roan was 

made in instances where no signs of a specific species were present. In Vaalbos 

National Park a herd of approximately 100 buffalo was introduced into the Graspan 

section within the roan enclosure and therefore jeopardised accurate utilisation surveys. 

Animals were nonetheless followed closely in both seasons in order to determine the 

grass species preferred.  

 

Habitat utilisation surveys were conducted jointly with habitat structure surveys in the wet 

season in the KNP enclosures. At every Point-Centred Quadrate survey point in 

N’washitsumbe and Capricorn, all utilised grass species were noted within a five metre 

radius from the centred point. Utilised species were identified and an utilisation score 

was allocated to the point according to the degree of selection as a function of 

availability on a scale of 0, 2, 3.5 and 5. The scores were allocated accordingly: 

 

0 No utilisation 

2 Very little utilisation (at least one tussock utilised but less than a third of 

what was available) 

3.5 Fair amount of utilisation (at least one third of what was available but less 

than two thirds) 

5 High degree of utilisation (two thirds and more of what was available) 

 

The same was done in terms of the degree of trampling at every Point Centred Quadrate 

survey point. Trampling was defined as all signs indicating the presence of roan 

antelope in the form of laying spots, fresh faeces and tracks.  
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A differentiation was made between utilisation and trampling in order to differentiate 

between areas where animals actually prefer to graze as opposed to areas where they 

merely spent time or pass through in order to get to a preferred grazing area.  

 

In Graspan, observations were made while tracking roan herds and moving around 

within the study areas. The presence of other herbivores in Graspan jeopardised the use 

of alternative quantitative surveys. Grass species sampled on Sable Ranch were based 

on grass species generally preferred by roan and sable antelope as well as species 

occurring in relative abundance in the area.  

 

In many instances a wider variety of grass species was utilised than that which was 

sampled. However, the species sampled formed the bulk of what was available and what 

was consistently selected within each study area in a particular season. Budget 

constraints prevented the sampling and analysis of more grass species.  

 

One-way ANOVA analyses were used to determine means and standard deviations of 

the data (SAS JMP, 2001). Significant differences between means were determined 

using All pairs Tukey-Kramer HSD comparisons of means at a 95 % confidence level 

(SAS JMP, 2001). Multivariate correlations were conducted using Spearman’s Rho 

correlations (SAS JMP, 2001). All statistical analysis was conducted using SAS JMP 4 

(2001) software.  

 

 

4.4 RESULTS AND DISCUSSION 

 

4.4.1 DESCRIPTIVE STATISTICS 

 

In N’washitsumbe grass height in the wetland (vlei) was significantly (P<0.05) higher 

than in all the other veld types (Table 4.1). The dominance of the very tall Sporobolus 

pyramidalis in N’washitsumbe’s vlei area contributed mostly to the significant difference 

in grass height in this enclosure. No significant (P=0.77) differences between the grass 

heights of the various veld types in Capricorn were observed.  
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Table 4.1: Mean and standard deviation (SD) of the grass height, nearest tree distance, tree height, crown diameter, degree of 

trampling and foraging as well as tree density in N’washitsumbe and Capricorn 

 

 

a/b/c Means with different superscripts differ significantly (P<0.05) 

Veld Type n 
Grass Height 

(Meter) 
Tree Distance 

(Meter) 
Tree Height 

(Meter) 

Crown 
Diameter 
(Meter) 

Degree of 
Trampling 

Degree of 
Foraging 

Tree Density 
(Trees / ha) 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
                
N’washitsumbe              
Ecotone 16 1.07a 0.29 12.56a 5.58 3.80a 0.69 3.66 1.06 2.00a 0.00 0.25a 0.68 245.90 609.87
Marula 16 1.16a 0.17 5.87b 2.02 4.07a 1.41 3.22a 1.11 3.22b 1.13 1.50b 0.89 404.08 262.16
Mopani 16 1.09a 0.18 4.61b 1.02 2.60b 0.70 3.16a 0.63 2.56 0.75 2.19b 1.50 539.73a 250.12
Wetland 8 1.61b 0.15 59.94c 11.12 4.32a 0.43 4.53b 0.64 2.19a 0.53 0.00a 0.00 3.12b 1.50
   
Capricorn                
Combretum 16 1.01 0.23 11.00a 5.22 3.43 0.87 3.14 0.72 3.13a 1.02 2.78 1.46 151.70 159.67
Mopani 12 0.97 0.09 8.45a 6.10 3.13 0.82 3.54 0.43 3.63a 1.00 3.75a 1.25 482.44a 705.83
Wetland 12 1.02 0.17 29.23b 8.60 3.24 0.65 3.16 0.55 1.75b 1.20 1.54b 1.61 16.00b 12.86
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The plant species distribution in Capricorn was very homogenous in general and the vlei 

area did not have grass species of considerable height as in N’washitsumbe. The mean 

distance to the nearest tree of the wetland areas in both N’washitsumbe and Capricorn 

were significantly further (P<0.0001) than in the rest of the veld types emphasizing the 

significant difference in vegetation physiognomy between the vlei and the 

bushveld/savannah veld types in both enclosures. The ecotonal tree distance in 

N’washitsumbe was significantly less than in the wetland and significantly further than in 

the Marula and Mopani veld types (P<0.05). The intermediate structure of the tree layer 

of the ecotone is consistent with its transitional position between the vlei with few trees 

and the savannah area with many trees. The distance to the nearest tree in the Mopani 

and Marula veld types in N’washitsumbe was significantly shorter than in all the other 

veld types (P<0.05).   

 

The tree height in the Mopani veld type in N’washitsumbe was significantly shorter 

(P<0.0001) than in the rest of the veld types. The dominance of the Colophospermum 

mopane shrubs in this veld type contributed largely to the significant height difference 

compared to other veld types in N’washitsumbe. 

 

Few other larger trees existed within the Mopani shrublands and the tree layer was 

mostly restricted to other shrubs, like Grewia species. In Capricorn, tree height (P=0.59) 

and crown diameter (P=0.17) did not differ significantly between the veld types and were 

therefore consistent with the little variation in habitat structure and species composition 

within the enclosure. The crown diameter of trees in the wetland of N’washitsumbe was 

significantly larger (P=0.006) than that of trees in the Mopani and Marula veld types. The 

presence of many shrubs and smaller trees among some large Sclerocarya birrea and 

Combretum imberbe trees within the Marula veld type reduced the overall average 

crown diameter within that veld type to resemble that of the Mopani veld type. The tree 

layer in the wetland area of N’washitsumbe consisted mainly of a few scattered tall trees, 

mostly Combretum imberbe, and almost no small shrubs. This explained the larger 

average crown diameter within the wetland of N’washitsumbe compared to that of the 

Marula veld type that had larger tree specimens than in the wetland.  

 

 

 
 
 



CHAPTER 4 

 

49 
 

The degree of trampling in the wetland of N’washitsumbe was significantly lower (P= 

0.0002) than in the Marula veld type. Similarly, degree of trampling in the wetland of 

Capricorn was also significantly lower (P=0.0003) than in both the other veld types within 

that enclosure. The degree of foraging in N’washitsumbe’s wetland and ecotone was 

significantly lower (P<0.0001) than in the Mopani and Marula veld types. In the same 

way, the degree of foraging in the wetland of Capricorn was significantly lower (P=0.003) 

than in its Mopani veld type.  

 

The mean tree density differed significantly in both N’washitsumbe (P=0.01) and 

Capricorn (P=0.02) between the wetland areas and the Mopani veld types. However, 

there were large standard deviations (larger than half the value of the mean) in the tree 

density of the Ecotone and Marula veld types of N’washitsumbe as well as in all the veld 

types of Capricorn.  

 

 

4.4.2 CORRELATIONS 

 

Multivariate correlations between all the variables in both N’washitsumbe and Capricorn 

are summarized in Tables 4.2 and 4.3.  

 

In N’washitsumbe, there were significant positive correlations (P<0.05) between tree 

height and grass height, crown diameter and grass height as well as distance to the 

nearest tree and tree height. Tree distance and grass height were not significantly 

correlated (P=0.13). The degree of foraging and the distance to the nearest tree were 

significantly negatively correlated (P<0.0001), as was the correlations between the 

degree of foraging and tree height as well as crown diameter (P<0.05).  

 

There was a significant positive correlation (P<0.0001) between tree density and the 

degree of foraging in N’washitsumbe but tree density was significantly negatively 

correlated with tree distance, tree height as well as crown diameter (P<0.05). 
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Table 4.2: Spearman’s Rho non parametric, multivariate correlations between degree of 

foraging and trampling and tree height, grass height, tree density, crown diameter and 

the distance to the nearest tree in N’washitsumbe 

T Dist.

T Height

T Height

Crown

Crown

Crown

Tramp

Tramp

Tramp

Tramp

Forage

Forage

Forage

Forage

Forage

T Dens .

T Dens .

T Dens .

T Dens .

T Dens .

T Dens .

Variable

G Height

G Height

T Dist.

G Height

T Dist.

T Height

G Height

T Dist.

T Height

Crown

G Height

T Dist.

T Height

Crown

Tramp

G Height

T Dist.

T Height

Crown

Tramp

Forage

by Variable

 0.2062

 0.3599

 0.4452

 0.4489

 0.4609

 0.6429

-0.1970

-0.1865

-0.0833

-0.1720

-0.1250

-0.5397

-0.4361

-0.3339

 0.1865

-0.2062

-1.0000

-0.4452

-0.4609

 0.1865

 0.5397

Spearm an Rho

0.1274

0.0064

0.0006

0.0005

0.0004

<.0001

0.1457

0.1687

0.5418

0.2049

0.3586

<.0001

0.0008

0.0119

0.1687

0.1274

0.0000

0.0006

0.0004

0.1687

<.0001

Prob>|Rho| -.8 -.6 -.4 -.2  0  .2  .4  .6  .8

Nonparametric: Spearman's Rho

 

 

  Forage   - Degree of foraging 

  Tramp   - Degree of trampling 

  T Height   - Tree height 

  G Height  - Grass height 

  T Density  - Tree Density 

  Crown   - Crown diameter 

T. Dist   - Distance to the nearest tree 
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Table 4.3: Spearman’s Rho non parametric, multivariate correlations between degree of 

foraging and trampling and tree height, grass height, tree density, crown diameter and 

the distance to the nearest tree in Capricorn 

T Dist.

T Height

T Height

Crown

Crown

Crown

Tramp.

Tramp.

Tramp.

Tramp.

Forage

Forage

Forage

Forage

Forage

T Dens .

T Dens .

T Dens .

T Dens .

T Dens .

T Dens .

Variable

G Height

G Height

T Dist.

G Height

T Dist.

T Height

G Height

T Dist.

T Height

Crown

G Height

T Dist.

T Height

Crown

Tramp.

G Height

T Dist.

T Height

Crown

Tramp.

Forage

by Variable

 0.0949

-0.1602

 0.1877

-0.2345

-0.0416

 0.7206

-0.1651

-0.5420

 0.1677

 0.1778

-0.1117

-0.3123

 0.2037

 0.2562

 0.6360

-0.0949

-1.0000

-0.1877

 0.0416

 0.5420

 0.3123

Spearm an Rho

0.5602

0.3233

0.2461

0.1453

0.7988

<.0001

0.3085

0.0003

0.3011

0.2724

0.4927

0.0498

0.2074

0.1105

<.0001

0.5602

0.0000

0.2461

0.7988

0.0003

0.0498

Prob>|Rho| -.8 -.6 -.4 -.2  0  .2  .4  .6  .8

Nonparametric: Spearman's Rho

 

 

  Forage   - Degree of foraging 

  Tramp   - Degree of trampling 

  T Height   - Tree height 

  G Height  - Grass height 

  T Density  - Tree Density 

  Crown   - Crown diameter 

T. Dist   - Distance to the nearest tree 
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In Capricorn there was a significant positive correlation between crown diameter and 

tree height (P<0.0001) as well as between the degree of foraging and trampling 

(P<0.0001). There was a significant positive correlation between tree density and 

both the degree of trampling (P=0.0003) and the degree of foraging (P=0.05).  

 

Significant negative correlations existed between the distance to the nearest tree and 

both the degree of foraging (P=0.05) and trampling (P=0.0003). There was also an 

expected significant positive correlation between tree density and tree distance 

(P=0.000). 

 

 

4.5 CONCLUSIONS 

 

Results from this study indicate a tendency for roan antelope in especially 

N’washitsumbe but also Capricorn, to select grazing areas associated with habitat 

with a higher tree density in the wet season. The stronger correlation between 

degree of trampling and tree density compared to between degree of foraging and 

tree density in Capricorn, suggested that roan in Capricorn only moved through very 

dense areas in order to forage in less dense areas. There was no significant 

correlation between tree density and trampling in N’washitsumbe. The fact that there 

was a significant negative correlation between tree density and tree height as well as 

between tree density and crown diameter in N’washitsumbe, emphasized the 

stronger tendency for roan to forage in the dense mopani shrublands during the 

study period. This was the opposite of what was found by Knoop and Owen-Smith 

(2006) in the dry season using another method. 

 

With food availability and presumably diet quality not being a limiting factor in the wet 

season, roan in both the KNP enclosures could in the absence of predators, select 

areas mostly preferred in terms of diet availability and/or habitat structure. In the dry 

season preferred food sources become limited as plant quality and quantity 

decrease. This result in shifts in the preference of diet and habitat by most grazers. 

N’washitsumbe in particular, but also Capricorn to some extent, represents relatively 

small confined areas compared to natural home ranges of roan antelope (Wilson and 

Hirst, 1977; Skinner and Chimmimba, 2005). Previous studies have even indicated 

that home ranges of sable antelope in high quality habitats are smaller compared to 

home ranges in areas of lower dietary quality (Wilson and Hirst, 1977).  
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Skinner and Chimimba (2005) stated that the home ranges of roan may increase in 

the dry season.  

 

The KNP enclosures restrict the movement of the residing roan populations to other 

grazing areas. Therefore, the drier a season becomes the animals must adapt their 

foraging preferences more in order to acquire the necessary nutrients to survive 

within the available space. In the absence of predators, the animals do not have to 

consider any risk of predation when foraging or selecting feeding sites. The animals 

are most probably driven by diet availability and diet quality – with habitat structure, 

hence visibility, probably playing a less significant role in habitat selection.  

 

Nevertheless, studies in Nylsvlei Nature Reserve indicated that, if given a choice, 

roan may still prefer areas of lower tree densities and canopy covers in the absence 

of large predators (Wilson and Hirst, 1977; Heitkönig, 1993; Dörgeloh, 1998). Ben-

Shahar (1986) found to the contrary that roan in the Waterberg of the Limpopo 

Province did not seem to be influenced by habitat structure in their habitat selection.  

 

While elk preferred open grassland in the absence of predators and only adapted 

their foraging preference towards woodland areas after the threat of predation (Creel 

et al. 2005), results indicate that habitat selection by roan antelope in the absence of 

predators might be more related to diet quantity and quality. The roan antelope 

population in N’washitsumbe have been without direct contact with any large 

predators for many generations. The roan population introduced into the larger 

Capricorn enclosure originate from the captive bred roan population in 

N’washitsumbe and has therefore never been predated upon either. There even had 

been reports of roan antelope within the enclosures staring through the fence at lions 

on the outside, apparently not much startled (C.C. Grant, 2004; pers. comm.)3. 

 

The strong tendency of foraging roan antelope in N’washitsumbe and, to an extent in 

Capricorn, to disregard habitat structure is most probably a combination of two 

factors: limited access to more grazing land as well as ignorance towards instinctive 

predator evasion tactics due to the absence of predators for many years.  

 

 

                                                 
3 3 Dr C.C. Grant, January 2004. Scientific Services, Skukuza, Kruger National Park. Ph. (013) 
735 4415 
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The fact that free roaming roan antelope in the KNP naturally selected areas with 

higher visibilities, lower canopy covers and tree densities than for instance sable 

antelope (Joubert, 1976), suggested that an enclosure such as N’washitsumbe might 

not be suitable to breed roan antelope for the purpose of releasing the animals into 

the wild. If captive bred roan antelope that are not adapted to predation risk were to 

be released back into the KNP in small groups, their tendency to select for specific 

grass species or forage quality without considering habitat structure might increase 

their risk of falling prey to predators such as lions.  

 

Results of the present study suggested that roan kept in the enclosures in the 

absence of predators readily utilised grazing within dense shrub and tree areas in 

both the wet season and late dry season (Knoop and Owen-Smith, 2006). These 

populations even seemed to avoid more open wetland areas during the wet season.  

 

If free roaming roan populations prefer more open areas throughout the year in the 

presence of predators, as was found by Joubert (1976), it could at least in part be 

due to antipredator behaviour. In such an instance the cost of selecting for habitat 

types based more on structure than on diet quality could limit animal production, as 

was the case with elk in Yellowstone National Park (Creel et al., 2007). 

 

As far as is known, the combination of an utilisation/trampling factor with the Point-

Centred Quadrate survey has not been used in order to describe the behaviour and 

grazing preferences of wild herbivores relative to habitat structure. The method used 

proved to have potential in this application but the categories and degrees of 

utilisation/trampling should be better defined in order to reduce possible bias. The 

number of sampling plots should also be increased to get an even greater 

representation of the overall utilisation patterns by the grazing herbivore. Other 

methods describing the structure of vegetation, for instance the BECVOL-method, 

could prove to be more applicable since the estimation and quantification of visibility 

at different height classes and quantification of tree density would then be possible.  

 

The critical evaluation of the diet and nutrient status of animals within the KNP 

enclosures, in comparison to roan from other parts of South Africa in the following 

chapters, indicated to what extent the confined enclosures are suitable for breeding 

roan. Possible reasons for habitat selection described in this chapter will be identified 

and possible limitations in the nutrient status of selected habitats will be quantified. 
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CHAPTER 5 

 

 

EVALUATION OF THE NUTRIENT STATUS OF THE HABITAT 

 

 

5.1. LITERATURE REVIEW 

 

5.1.1. INTRODUCTION 

 

The nutrient status of the habitat in which a species of herbivore occurs, largely 

determines the nutrient status of the animal living in the habitat. The nutrient intake of an 

animal is determined by the nutrient content of everything ingested and the nutrient 

absorption is a function of the availability and requirement of a particular ingested 

nutrient. The nutrient sources of a herbivore consist mainly of plant material, water and 

to an extent, soil (McDowell, 1977; Maskall and Thornton, 1996; Judson and McFarlane, 

1998; McDowell, 2003). Should the available diet of an herbivore be insufficient in terms 

of the nutrient requirements of a specific animal, it could induce a deficiency in the 

nutrient status of the animal itself (Underwood and Suttle, 1999). The nutrient deficiency 

in the habitat could therefore be reflected in the production and/or survival of the animal 

if not altered by possible mineral interactions within the animal’s body.  

 

Under free ranging conditions malnutrition can cause a population decline in a herbivore 

species through secondary factors such as predation (Harrington et al., 1999; Creel et 

al., 2007). Determining the nutrient requirements of a herbivore implies a controlled 

feeding trial in which different planes of nutrients are fed to producing animals and the 

response in production indicates whether the nutrient intake is sufficient for the level of 

production (Maynard et al., 1975; Underwood and Suttle, 1999). In wild ungulates the 

option of a controlled feeding trial in order to determine the nutrient requirements of a 

species is possible, but especially with very expensive animals such as roan and sable 

the costs involved limits the possibility. The impact of stress on wild herbivores in a small 

captive environment might further influence results. Alternative measures therefore need 

to be taken.  
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It has been suggested that wild herbivores do have the ability to select a habitat that 

serves in their specific nutrient requirements. It has been shown that the nutrient status 

of a diet available in a specific habitat influences largely the migration of wild herbivores 

(Ben-Shahar and Coe, 1992).  

 

However, factors like social behaviour (Joubert, 1976), production status (Dörgeloh, 

1998), grazing and animal density pressure (Joubert, 1976, Harrington et al., 1999), 

habitat structure (Ben-Shahar, 1995; Dörgeloh, 1998) and water availability (Joubert, 

1976; Holecheck et al., 2001) all play a very important role in the selection of a specific 

habitat. In the commercial game farming industry and small nature reserves, game proof 

fences also inhibit free roaming and therefore, selection of a preferred habitat or food 

source. 

 

 

5.1.2. NUTRIENT CONTENT OF FORAGE 

 

As in animals, plants also have specific nutrient requirements in order to aid essential 

physiological functions within the plant (Blasi, 2001). Similarly to animals, plants have 

four basic primary physiological purposes for which certain nutrient elements are 

essential: 

 

1. Basic structure 

2. Energy storage and transfer  

3. Ionic charge balance  

4. Activation of enzymes and electron transport 

 

Plants are composed of approximately 94% carbohydrates. Of the remaining 6% of the 

plant’s constituents, 1.5% is N and the remaining 4.5% is what is left for utilisation by the 

animal’s digestive system. Hence, this is what an animal uses to meet its nutritional 

requirements (Blasi, 2001). 

 

The wide variations in nutrient and mineral concentrations in plants have been 

thoroughly documented (Du Toit et al., 1940; Boyazoglu, 1976; Whitehead, 2000; Blasi, 

2001).  
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Kabata-Pendias (2000) reported that big differences in element uptake between plant 

species and also genotypes of a species have been demonstrated in many studies. 

There are various reasons for the vast differences in nutrient concentrations in and 

between plants.   

 

Early in the 20th century Du Toit et al. (1940) reported that most of South Africa’s natural 

pasture was deficient in phosphorus for most of the year, especially during the dormant 

three to four months of the year.  Du Toit et al. (1940) stated that deficiencies would be 

more pronounced during winter times in the summer rainfall areas or in times of drought. 

Mineral deficiencies could disappear completely in times when abundant new growth is 

available. McDowell (1996) reported that in most cases Cu, Co, Fe, Se, Zn and Mo 

levels declined as the plant matures. Blasi (2001) also reported that most forage species 

decline in nutritive value over the course of the growing season. The plant’s priority for 

allocating nutrients for specific physiological functions changes as it matures. When the 

plant is in its early growth stage, it supplies nutrients for enhanced leaf growth area to 

encourage photosynthetic activity for maximum uptake of energy and nutrients. During 

the reproductive stage, the nutrient flow is directed towards the development of a rigid 

stem needed to support the inflorescence and the eventual distribution of seeds. During 

the dormant seasons, nutrients are redistributed to the root system where they remain 

(stored) until the next growing season (McDowell, 1996, Meissner, 1999). The mineral 

levels in a plant usually also follow the digestibility pattern in the plant (Blasi, 2001). 

  

It could therefore be concluded that the mineral levels found over the growing season in 

plants and, more specifically the plant parts, corresponds with the element’s specific 

function. For example, trace elements that are components of various enzyme systems 

would be expected to be located in active metabolic tissue such as the leaf. 

Consequently, with advancing maturity and a resulting decline in the leaf:stem ratio and 

digestibility, there will be a decline in Co, Cu and Zn levels (Whitehead, 2000; Blasi, 

2001). Blasi (2001) further reported that the internal movements of absorbed nutrients 

might be characterized as mobile, variably mobile or immobile. From the basis of 

diagnosing the sufficiency of an element and for determining if and when a supplemental 

mineral programme is necessary, the extent of a mineral’s mobility has significant 

consequences.  
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Mobile nutrients like N, P and K cycle to the sites of metabolic activity in the plant while 

immobile elements such as Ca, B, Mn and Mo move to growing plant tissues and remain 

there until the plant part dies and falls off (Blasi, 2001).  

 

Plant species and varieties also have variations in nutrient concentrations (Underwood 

and Suttle, 1999; Whitehead, 2000). In a study in Kenya’s Lake Nakuru National Park, 

Maskall and Thornton (1996) found that there are not just great variations in nutrient 

content between tropical grass species but even greater differences between grass 

species and woody species. They also determined that grasses sampled in the park 

tended to contain higher concentrations of Cu and Co and lower concentrations of Se 

than the woody plants.  

 

Other factors influencing the nutrient concentrations in plants are various environmental 

factors such as rainfall patterns, animal excreta and soil type (Underwood and Suttle, 

1999; Whitehead, 2000). 

 

 

5.1.2.1. Nutrient content of forage preferred by roan and sable antelope 

 

In their study of roan and sable antelope in the old Transvaal reserves of South Africa 

(present day Limpopo and Mpumalanga Provinces), Wilson and Hirst (1977) sampled 

the most palatable and most preferred grass species in the dry season for nutrient 

analyses. These samples were collected in all of the Transvaal’s nature reserves where 

roan- and sable antelope occurred at that time. The different areas sampled varied in soil 

and veld type as well as in plant species composition. The Ca content of grasses differed 

considerably from area to area due to its reflection of cell wall construction. The Ca:P 

ratio was considerably higher compared to the optimal of 2:1. For Eustachys mutica the 

ratio went as high as 13:1. These were attributed to the soil deficiency of P rather than 

an excess in Ca, although Lukhele and Van Ryssen (2003) found similar high Ca:P 

ratios in the leaves of several Combretum species. Most grasses had P levels between 

0.02 and 0.05% (wet weight) throughout the sour regions of Transvaal. The highest P 

level was in Panicum maximum (0.09%) in the Hans Merensky Nature Reserve situated 

within a sweetveld region.  
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Values were compared with nutrient concentrations of grasses in Matetsi, Rhodesia 

(now Zimbabwe) where sable and roan antelope seemed to be doing very well. The 

average P levels in Matetsi were between 0.08-0.36%. Mg and K were also substantially 

lower in the Transvaal reserves than in Zimbabwe.  

 

Of the trace minerals, grasses had much higher Fe and Cu concentrations in Matetsi 

than in the Transvaal except for the Rustenburg Nature Reserve. The protein content of 

the forages was generally low in all the regions, especially in the sour veld areas during 

the dry months.  

 

Heitkonig (1993) observed that roan antelope at Nylsvlei Nature Reserve preferred the 

lower floodplain in summer and the Eragrostis pallens – Burkea africana Savannah in 

the winter. The nutrient status of the most preferred grass species in these plant 

communities were determined and compared by Dörgeloh (1998).  

 

Plant species preferred by roan in the lower floodplain included Oryza longistaminata, 

Panicum schinzii, Paspalum scrobiculatum and Leersia hexandra. Species selected in 

the Eragrostis pallens – Burkea africana Savannah plant community included Cenchrus 

cilliaris, Digitaria eriantha, Eragrostis lehmanniana, Eragrostis pallens, Heteropogon 

contortus, Hyperthelia dissoluta, Panicum maximum and Schmidtia pappophoroides. 

 

Significant differences in nutrient content between plant communities in summer and 

winter months were reported (Dorgelöh, 1998). Inter-plant community differences in 

terms of moisture%, P%, K% in winter and Ca% in late summer was not significant. In 

general, few significant differences were found between the different plant communities 

in the same season. In winter the sampled grasses of the lower floodplain contained 

significantly lower levels neutral detergent fibre (NDF) and organic matter (OM) than 

those in the Eragrostis pallens – Burkeya africana savannah. The lower floodplain still 

had a higher forage quality in winter compared to the Eragrostis pallens – Burkeya 

africana savannah. In late summer there was a significant difference in % OM and % K 

between the lower floodplain and the Eragrostis pallens – Burkeya africana Savannah. 

Generally, the forage quality in terms of % N and macro mineral content were higher 

during early summer than during late summer and winter in all the veld types.  
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The Ca and P% in preferred grass species in the Eragrostis pallens – Burkeya africana 

savannah were higher in the winter and late summer compared to the grasses of the 

lower floodplain. The Na% was more than double the concentration in grasses in the 

floodplain than in the Eragrostis pallens – Burkeya africana savannah. Dorgelöh (1998) 

concluded that Ca, P and Na played an important role in the selection of a habitat by 

roan antelope, especially breeding herds. The Ca:P ratio of preferred grass species in 

the Eragrostis pallens – Burkeya african savannah was, similar to the K:Na ratios, more 

favourable than in the lower floodplain.  

 

The nutrient status of preferred grass species within a specific plant community could 

also vary. Dörgeloh (1998) found that the nutrient status of preferred grass species 

correlated well with a specific site preferred by roan antelope within the same plant 

community. The grasses in the preferred site in the floodplain of Nylsvlei Nature Reserve 

had significantly lower moisture and Na levels than the rest of the floodplain. N, Ca and 

OM, amongst others, were higher at the preferred site. P%, K%, NDF, acid detergent 

fibre (ADF) and grass height did not differ significantly. This again correlated significantly 

with structural facets of the habitat within these preferred areas.  

 

Jooste (2000) found that sable antelope in the Sandveld Nature Reserve utilised a few 

woody species mainly in the winter months. These included Acacia erioloba, Grewia 

flava, Lycium cinereum and Lycium hirsitum. Grass species that made up the bulk of the 

sable’s diet were Cynodon dactylon, Anthphora pubescens, Eragrostis lehmanniana, 

Urelytrum agropyroides, Themeda triandra, Setaria sphacelata, Brachiaria nigropedata, 

Panicum stapfianum and Heteropogon contortus. There were considerable variations 

between the diet composition and species selection between seasons. Various other 

grass species were also utilised to a limited extend.  

 

Furthermore, Jooste (2000) found that the crude protein content of nine of the most 

preferred grass species in the late winter were 4.77% whereas the CP content of leaves 

of selected woody species were much higher at 17.36%. The significantly higher protein 

content of woody plant leaves compared to that of grass was most probably why sable 

supplemented their diet with browse. Skinner and Chimimba (2005) reported that the diet 

of sable generally contained up to 15% browse.  
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Data on the species selection in consecutive dry seasons by roan antelope in the 

N’washitsumbe enclosure were documented by Knoop and Owen-Smith (2006). 

Unfortunately the actual nutrient content of grass species selected were not determined 

to establish to what extent the nutrient content of grass species influenced seasonal 

selection. However, the study did aid in the sampling of the correct grass species as a 

representative sample of the animals’ dietary composition. The nutrient content of 

selected grass species in the other study areas were included to establish spatial 

differences between the overall forage quality as well as that of specific key grass 

species. 

 

 

5.1.3. NUTRIENT CONTENT OF SOIL 

 

The nature of the soil parent material, other than N, is the primary influence on the 

amounts of the nutrient elements present in the soil (Maskall and Thornton, 1996; 

Judson and McFarlane, 1998; Whitehead, 2000). For example, the nutrient levels in soil 

of basaltic parent material are substantially higher than those of granitic parent material 

(Kabata-Pendias, 2000). The findings correlate with the evaluations of various 

researchers regarding grazing patterns in KNP where basaltic and granitic plains lies 

adjacent to one another. Observations that wild herbivores strongly select for the more 

nutritious grazing on the basaltic plains compared to that of the granitic plains were 

made (C.C. Grant, 2003. pers. comm.)4. Whitehead (2000) stated that generally, the 

concentrations of most of the nutrient elements are higher in clay soils than in sandy 

soils, with loam and sodic soils being intermediate.  Almost all soil N is present in the 

organic matter and its concentration in the soil is therefore not related to parent material. 

Other elements, particularly P and SO4, are also present in soil organic matter, 

influencing their total concentrations in soil (Whitehead, 2000). 

 

Maskall and Thornton (1996) and McDowell (1996) stated that most naturally occurring 

mineral deficiencies in herbivores were associated with specific regions and were 

directly related to soil characteristics and soil parent material.  

                                                 
4 Dr C.C. Grant. Scientific Services, SANParks, Skukuza, Kruger National Park. South Africa. Tel. 

(013) 735 4415. Personal communication. August 2003 
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Soil nutrient concentrations from geochemical surveys can therefore be used as an 

indicator to possible nutrient deficiencies in forage and the subsequent animal (Maynard 

et al. 1979; Maskall and Thornton, 1996; Underwood and Suttle, 1999). Kabata-Pendias 

(2000) stated that although trace minerals are minor components of soils in the solid 

phase, they play an important role in the fertility of soil. According to Holecheck et al. 

(1982) N and P are the most deficient nutrients in soils available for plant growth. An 

average annual rainfall of above 500 mm exacerbates nutrient deficient soils because of 

leaching.  

 

For ecologists and wildlife managers, however, soil is seen as a growth medium for 

plants, therefore determining the actual quality of forage for wild herbivores remains 

essential. Holecheck et al. (2001) stated that, in general, soils low in nutrient 

concentrations produces nutrient deficient forage. Unfortunately, looking only at the soil 

in determining the nutrient status or potential for forage quality is not recommended due 

to complex interactions between soil and plants (Maynard et al. 1979; Holecheck et al. 

2001).  

 

The nutrient availability in the soil is therefore not necessarily reflected in the nutrient 

status of the forage (Holecheck et al., 1982) due to various factors in the soil that 

influences the nutrient availability for forage uptake (Maskall and Thornton 1996; Judson 

and McFarlane 1998; Whitehead 2000; Holecheck et al. 2001). These factors are as 

follows: 

 

¶ The geochemical composition of parent material from which some soils are 

derived can influence directly or indirectly, both the balance of elements within those 

soils and the trace element content of herbage growing on them. Regional 

differences of Cr, Cu, I, Fe, Se and Zn and excesses in Ar, Cd, F, Pb and Se arise 

from such causes. McDowell (1996) stated that most trace elements are more 

abundant in young, alkaline geological formations than in the older, more acid, 

coarse, sandy formations. 

¶ Differences in soil moisture and soil pH can markedly affect the availability and 

consequent uptake of specific elements into vegetation.  High pH soils or irrigation 

water will greatly increase Se and Mo availability. Iron-rich irrigation water restricts 

the uptake of Se. Extensive water leaching increase I, P, Cu, Co, Mg, Zn and Na 
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losses and reduce the intrinsic availability of Se and Zn. Low pH conditions increase 

the availability of Al, Fe and Mn.  

¶ Cation exchange capacity of the soil: During the weathering process some 

extremely small, negatively charged particles referred to as colloids are formed. 

Consequently, colloids are able to attract the positively charged ions (cations) such 

as K, Na, H, Ca and Mg and repel the negatively charged ions (anions) such as 

chlorides, nitrates, sulphates and phosphates. As a result, the more colloids the soil 

has the better it can attract cations.  

¶ Soil organic matter has a strong influence on the concentration and availability of 

certain nutrients in the soil. Almost all of the N and much of the P and S in grassland 

soil occur in the soil organic matter and are being released in plant available forms 

by the soil micro-organisms. Soil organic matter has only a small effect on the 

availability of macronutrients K, Na, Ca and Mg. It does however have a much 

greater influence on the availability of micronutrients Fe, Mn, Zn, Cu and Co.  

¶ Soil redox conditions affect the availability of many of the nutrient elements such 

as N, sulphate, Fe, Mn, Zn, Cu and Co. Some of the effects are purely chemical 

while others are due to changes brought about by microbial activity.   

 

Wilson and Hirst (1977) found that the soils of all the then Transvaal nature reserves 

where roan and sable antelope occurred were P deficient. Rustenburg Nature Reserve 

had a low Ca content and most reserves were low in Mg. When compared to the 

reference area (Matetsi) in Zimbabwe, Matetsi generally had much higher trace element 

concentrations, especially Fe, Cu, Zn, Co and Mn. It was nonetheless stated that total 

nutrient concentrations of the soil were analysed and not plant available nutrients, 

implying that the forage would not necessarily show the same concentrations (Wilson 

and Hirst, 1977) 

 

 

5.1.4. NUTRIENT CONTENT OF WATER 

 

Water is one of the major components of most herbivores’ diets. However, water is not 

considered as one of the major sources of minerals to grazing animals (Wilson and Hirst, 

1977; Judson and McFarlane, 1998; Simyu et.al., 1999) and consequently received very 

little attention in wildlife studies thus far (Casey and Meyer, 2001). Nevertheless, water 
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quality has serious wildlife management consequences through its effect on reproductive 

health and immune responsive disorders (Bothma, 2005). Data from wildlife studies that 

included water quality was usually inadequate and superficial (Bothma, 2005). Studies 

including water quality mostly focused only on macro minerals. However, the potentially 

hazardous constituents of water are the trace minerals which have a lesser effect on 

water palatability but can have a major impact on animal physiology (Casey and Meyer, 

2001). The palatability of a water source is determined by the quality of the water, mainly 

by the level of total dissolved salts (saline or brackish) (Bothma, 2005).   Judson and 

McFarlane (1998) reported that considerable levels of especially salts like Na, Ca and 

Mg could be found in sub-surface water pumped for drinking supply to grazing animals. 

On the other hand, water palatability is not necessarily a measure of the potentially 

hazardous constituents of a water source (Casey and Meyer, 2001).  

 

Determining the water quality or the quality of the water taken in by wildlife, pose a 

number of challenges (Casey and Meyer, 2001). Animals differ in physiology, water 

turnover, territory and feeding spectrums and can further use numerous water sources 

within a given territory (Casey and Meyer, 2001). Underground water is one of the most 

common water sources in semi-arid countries. Underground water quality is largely 

affected by soil geochemistry. The mineral concentrations in a water trough differ 

significantly from the water reservoir supplying the trough due to evaporation, resulting in 

a concentrating effect of elements in the trough (Judson and McFarlane, 1998).  

 

Water quality may further have various ecological and management implications for any 

ecosystem. Water contains organic and inorganic elements that can either be a valuable 

supplement or potential health risk for wild animals (Casey and Meyer, 2001).  

Sulphates, Mg, Na, Ca and total dissolved salt (TDS) concentrations, especially the ratio 

in which they occur, are key elements affecting water palatability. Water palatability can 

have a big influence on the habitat selection of specific wildlife species (Casey and 

Meyer 2001).  

 

After analysing the nutrient content of all the preferred water sources by roan and sable 

in the then Transvaal nature reserves, Wilson and Hirst (1977) concluded that the 

nutrient status of water had a very limited contribution to the nutrient intake of the 

animals.  
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However, since water quality can play a significant role in the nutrient intake of an 

animal, standard water analysis on the water sources within the study areas were 

conducted.  

 

 

5.1.5. RELATIONSHIPS BETWEEN THE NUTRIENT CONTENT OF FORAGE, SOIL, 

AND WATER 

 

The utilized ecosystem is characterised by dynamic, complex interactions of soil, plants 

and animals (Coleman et.al., 1989; Holecheck et al., 2001). The primary reason for the 

existence of areas of mineral deficiencies in grazing animals, such as those of P, Na, Co 

and Se, is that the soils of the areas are inherently low in plant available supplies of 

these minerals (Underwood and Suttle, 1999). This has led to the surveys of the 

occurrence of possible nutrient deficient areas that could be correlated to nutrient 

deficiencies in soils occurring in such an area (Du Toit et al., 1940; Maynard et al., 1979; 

Mtimuni, 1982; Maskall and Thornton, 1996). P is a good example of a mineral that 

reflects a linear relationship between the concentrations in the soil, forage and animal 

(Maynard et al., 1975).  

 

To determine the nutrient status of the habitat and therefore possible deficiencies in 

animals, the first step usually was to sample and determine the nutritive quality of the 

soil and forage during various seasons (Wilson and Hirst, 1977; Reid and Horvath, 1980; 

Schmidt and Snyman, 2002). However, various researchers have claimed that using soil 

and vegetation analysis alone in predicting possible nutrient and/or mineral deficiencies 

in herbivores is insufficient (Suttle, 1986; Underwood and Suttle, 1999; Blasi, 2001; 

Webb et al., 2001; Schmidt and Snyman, 2002). The reasons for this insufficiency are 

that the associations between soil and herbage composition and marginal or functional 

deficiency in the grazing ruminant have not been well defined (Suttle, 1986). Very 

complex interactions and relationships between various factors within the soil and plants 

further complicate assessments (Blasi, 2001). 

 

Whitehead (2000) stated that usually only a small proportion of the soil content of any 

nutrient element is available for uptake by plants at a specific time.   

 
 
 



CHAPTER 5 
 

66 
 

Using herbage and soil samples are even more difficult in wild herbivores since their 

diets are too selective and consist of a wide variety of grasses, shrubs and trees 

(Schmidt and Snyman, 2002).  

 

By evaluating as many possible different facets in the habitat, Grant et.al. (1996) found 

that specific correlations between the various facets could give valuable information 

regarding possible nutrient deficiencies in animals. By using Spearman rank correlations 

between the nutrient status of sable antelope and the nutrient status of soil and forage, 

Wilson and Hirst (1977) found significant relationships. P, Ca, Se and Na concentrations 

in the habitat were significantly correlated to that within the animals. There were also 

positive relationships between Cu and Fe and negative relationships between P and Zn, 

and Fe and Cu. Contrary to the forage P content, soil P levels correlated significantly 

with total blood protein but not with the kidney fat index. Forage P levels correlated 

significantly with live weight of sable antelope (Wilson and Hirst, 1977).  

 

An additional problem with soil and plant samples is the many external sources of 

minerals to animals, which cannot be predicted by soil and plant samples alone. These 

external sources of minerals include geophagia (eating of soil), dust on plants and water 

mineral content. The actual nutrient availability in the digestive tract of the animal is 

unpredictable and can play a major role in the animal’s nutrient status (Maskall and 

Thornton 1996; Underwood and Suttle 1999). Maskall and Thornton (1996) reported that 

little was known about the effects of geophagia in wild animals and the effect it can have 

on the nutrient status of wild herbivores. Wilson and Hirst (1977) and Apps (1996) 

reported many examples of geophagia and pica among various wild herbivore species, 

for example in sable antelope and giraffe Giraffa camelopardalis. 

 

According to Maskall and Thornton (1996), earlier studies in national parks and reserves 

in Kenya have shown that broad variations of the trace element content of soils were 

largely attributable to differences in soil parent material. Pedogenic processes however 

influenced the distribution in soil profiles of trace and major elements, which have an 

effect on soil properties and nutrient availability to plants.  Underwood and Suttle (1999) 

consequently stated that geochemistry could be used to map broad areas of possible 

nutrient deficiencies/toxicities.  

 
 
 



CHAPTER 5 
 

67 
 

Nonetheless, Krauskopf (1972) stated that soil-forming processes vary widely from one 

climatic region to another and that a general soil composition for a specific area can 

have little significance. This is to a large extent true for plants and water.  However, 

Sutton et al. (2002) were able to make certain predictions of possible mineral 

deficiencies in the diet of sable antelope in a game park based on parent rock 

compositions, such as the high possibility of a P deficiency.  

 

 

5.2. AIMS AND OBJECTIVES 

 

The purpose of this study was to evaluate the habitat in which a roan antelope 

population occur based on the assumption that the specific habitat was preferred above 

other available habitats and should therefore supply most of its nutrient requirements 

needed to sustain a viable population. In order to determine the requirements of a wild 

ungulate the assessment of the nutrient status of the habitat could reveal the nutritional 

suitability of the habitat and possible nutrient requirements of the animals (Maynard et 

al., 1975; Underwood and Suttle, 1999). Van Ryssen (2000) stated that despite the 

knowledge of the mineral status of an animal, as much as possible information on the 

quantity of every mineral and its antagonists that are supplied through the animal’s feed 

and water should be obtained.  

 

The aim of this study was therefore to take a holistic approach in collecting as much data 

as possible on nutrient and mineral concentrations within the habitat of a roan antelope 

population. Consequently, valuable assessments of the nutrient status of the habitat 

could be made in order to assess the nutritional suitability of the habitat in meeting the 

animals’ nutritional demands.    

 

The objectives of assessing the nutrient status of the habitat in which various roan 

antelope populations occurred were to: 

 

1. Evaluate the nutrient status of forages in the wet as well as the dry season in 

every study area 

2. Determine possible nutrient or mineral deficiencies within the habitat based on 

the assumptions that: 

 
 
 














































































































































































































