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Figure 36 
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(a) 

(b) 

The site of a bush exclosure 10 by 10 m which was erected on a section of Khutse 2 Pan 
floor in the Central Kalahari, Botswana, on 22nd January 1970. Photograph (a) shows 
the vegetation inside the bush exclosure shortly before its erection and photograph (b) 
shows the vegetation adjacent to the bush exclosure on the same day 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

Figure 37 

82 

(a) 

(b) 

The bush exclosure illustrated in Fig. 36 was photographed again on 2nd October 1971 
approximataly two years after its erection. Photograph (a) shows the vegetation inside the 
bush exclosure and photograph (b) shows the vegetation outside and adjacent to the bush 
exclosure. There is a noticeable improvement in the grass cover in the area protected from 
large herbivore pressure 
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or water-holes on the pan floor, one (the Namaqua rock-rat) is associated with 

calcrete outcrops, three (the bushveld gerbil, Brant's gerbil and the pouched mouse) 

are associated with pan banks, and two (the Namaqua gerbil and the long-eared 

desert mouse) are associated with short grass on hard ground such as occurs on the 

pan edge, or on calcrete banks with Karroid vegetation. 

It can therefore be seen that the small rodents feed on all parts of the pan and 

on all types of pan vegetation. They are often responsible for extremely heavy use 

of pan vegetation, and may completely destroy the perennial vegetation in the im­

mediate vicinity of the burrow (Fig. 38). 

Utilisation of salt-licks or seasonal water-holes on a pan 

Table 11 shows that it is the larger herbivores that regularly make use of the salt­

licks on pans. The popularity of these salt-licks is demonstrated by the main game 

tracks on a pan which invariably lead directly to the salt-licks, and by the heavily 

trampled appearance of the area around the salt-lick (Fig. 21 ). Antelope eating the 

salt at these salt-licks is a common sight on pans (Fig. 39). 

Large carnivores and large herbivores make use of the w&ter .. hole during the rainy 

season (Table 11) and the tracks of some of the smaller mammals are often seen 

around the water-holes. The use of both the water-holes and the salt-licks on the 

pan results in the removal of soil from the pan floor. In the case of the salt-licks 

the soil is actually eaten while in the case of the water-hole the soil adheres to the 

animals in the form of mud and is carried away from the pan. Young ( 1970) gives 

an excellent illustration of how buffalo in the Kruger National Park enlarge natural 

water-holes by a combination of trampling, rolling, and carrying away of the mud 

which adheres to the buffaloes, and the role of other animals such as warthog in 

this process is also discussed. Smithers (1971) also refers to the considerable amount 

of mud carried away by animals from the water-holes on pans in the Kalahari. 

It is difficult to estimate the actual quantity of soil removed from the pan in this 

way, but what is of particular importance is that since both the salt-lick and the 

water-hole lie near the centre of the pan, soil is constantly removed from the deepest 
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Figure 38: 
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Rodent burrows are common on pan banks in the Central Kalahari, Botswana, and the 
area around these rodent burrows is often almost denuded of vegetati~n as shown by 
the rodent burrows photographed on Mabua Sehube Pan bank in September 1973 
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Figure 39 All large antelope make regular use of the salt-licks on pans in the Central Kalahari, 
Botswana, and red hartebeest and blue wildebeest are shown eating salt at one of the 
salt-licks on Khutse 1 Pan 
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part of the pan. This removal of soil increases the depth of the pan floor relative 

to the pan rim and the surrounding sandveld. 

Animal activity assisting in soil development 

Many of the smaller carnivores and herbivores dig into the soil on the pans in 

search of food (Table 11) and Smithers ( 1971) describes some of the smaller 

carnivores such as the bat-eared fox and the suricate as avid diggers, digging even 

in the hardest soil. 

Almost all the smaller herbivores have burrow systems (Table 11) and these bur­

row systems are a conspicuous feature of pans. They are found in both loose 

sand (Fig. 38) and in the hardest calcrete outcrops (Fig. 40), and on all sections 

of the pan. It is only on the bare floors of highly saline pans that burrows are 

rare or absent. 

Springhares prefer to burrow in the deeper sand found on pan banks (Butynski 

1973), while the yellow mongoose, suricate, ground squirrel and bat-eared fox 

prefer to burrow in the hard calcarious soil found on the pan edge, pan floor, 

and calcrete banks. Smaller rodents make burrows or tunnels in every type of soil 

from calcrete cliffs in the case of the Namaqua rock rat and calcrete banks in 

the case of the Namaqua gerbil to sandy banks in the case of the Bushveld and 

Brant's gerbil (Smithers op. cit.). 

This constant and extensive digging and burrowing activity on pans results in a 

continuous mixing of the pan soils. When the burrows are excavated into surface 

calcrete or calcrete 'sub-soil' the calcrete is broken up and mixed with 

the sandy 'topsoil' (Fig. 41 ). 

Birds, reptiles, amphibia and invertebrates 

A similar breakdown of activities on the pan can be done in respect of the birds, 

reptiles, amphibia and invertebrates, and the impact on the pan ecosystem is 

probably essentially similar to that described for mammals. 
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Figure 40 Rodents excavate burrows on even the hardest calcrete areas on pans in the 
Central Kalahari, Botswana, as shown by the burrows in the calcrete bank 
of Khiding Pan 
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Figure 41 Calcrete often lies a little below the surface of the pans in the 
Central Kalahari, Botswana, and burrowing activity breaks up this 
calcrete sub-soil and mixes it with the pan topsoil. An example 
of this activity is shown in the photograph of a ground squirrel 
burrow on Khutse 2 P-an edge 
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Feeding on pan fauna 

Predatory birds, reptiles and invertebrates which feed on the primary consumers 

on the pan have the same impact on the pan ecosystem as the predatory mam­

mals i.e. they affect the primary consumer numbers and so indirectly affect the 

pan vegetation and soil. 

Feeding on pan vegetation 

The largest herbivorous bird using the pan ecosystem is the ostrich. The home 

range of this large flightless bird undoubtedly far exceeds the area of the pan but 

it regularly visits pans and the results of daily and weekly counts showed that 

ostriches used the pan habitat in relatively high numbers. Robinson and Seely 

(1975) consider that heavy concentrations of ostriches could have a detrimental 

effect on arid grassland communities as a result of their uprooting of herbs and 

grasses. 

The activity of many of the small herbivorous birds and invertebrates in the 

Central Kalahari is closely linked with rainfall, and their use of the pan vegetation 

therefore coincides with its period of densest plant growth. In the case of harvester 

ants (Hodotermes spp.), however, their activity is often highest when the vegetation 

is short and sparse, and their activity further reduces plant cover during the dry 

season. 

Utilisation of the salt-lick and seasonal water-hole 

Ostriches utilize salt-licks and seasonal water-holes and the larger carnivorous birds, 

particularly vultures, make regular use of the water-holes. The smaller granivorous 

birds also make considerable use of the water-holes. 

This use of the salt-licks and water-holes results, as described for mammals, in 

a further removal of soil from the centre of the pan. 
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Excavating burrow systems 

Many of the reptiles and invertebrates burrow into the soil on pans (Haacke 

pers. comm,) with barking geckos, scorpions and harvester ants particularly active 

in this respect. 

This burrowing activity results in a further mixing of the soils on the pan. 

Man and his livestock 

Hunter-gatherers 

Hunter- gatherers have no livestock and as hunters they have a similar effect on 

the pan herbivores as do other predators. 

When herbivore numbers on a particular pan are high, the mobile predators, in­

cluding man, concentrate their activity on that pan with the result that the herbivore 

numbers on such a pan are reduced either through direct predation or the movement 

of herbivores away from the pan due to disturbance. 

Although there are a few plant species on pans that are utilized by hunter­

gatherers, the hunter-gatherers generally have little impact on pan vegetation. Hunter­

gatherers make regular use of the seasonal water-holes and often deepen these water• 

holes so that they hold water for longer periods. 

Pastora/is ts 

Parris and Child (1973) illustrated the marked reduction in perennial grass cover 

on and around pans where man has settled permanently with his livestock 

i.e cattle, sheep, goats, donkeys and horses. At pans where a large number of 

livestock have been grazed for a long time the vegetation has been so damaged 

that it is no longer capable of preventing the sand from shifting and considerable 

movement often occurs (Fig. 42). 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

Figure 42 The sandy soil on the banks of undisturbed pans in the Central Kalahari, Botswana, 

is generally stable, but overgrazing of the pan banks leads to unstable conditions 

and this sandy soil is blown into small dunes as shown on Tshabong Pan bank 

91 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

92 

The presence of a large permanent village with its associated livestock, dogs, etc. 

was also shown to result in considerable reduction in the number of wild animals 

using the pan (Parris and Child 1973). The water-holes are fenced off with thorn 

branches and additional earth dams, pits and wells are usually excavated. 

Vegetation 

In spite of the severe herbivore pressure on the pan vegetation almost all parts of 

the pan except the pan floor of highly saline pans have a reasonable vegetative 

cover (Table 7). This vegetative cover provides protection for the soil both from 

the weather and from biotic factors such as trampling. 

The vegetation on the pan therefore reduces the amount of soil moved during 

wind and water erosion. 
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CHAPTER 5 

CONCLUSIONS 

Pans in the Central Kalahari are hard-floored saucer-shaped depressions that lie 

well below the level of the surrounding sandveld, and support characteristic 

plants and animals. A close examination revealed that these 'depressions' are 

actively maintained and that without such active maintenance they would 

gradually become shallower and more like the surrounding sandveld. Examples 

of this process can be seen along some parts of the Okwa and Molopo dry 

rivers. The earlier steep banks and hard river beds have become shallow sandy 

troughs with gently sloping banks and the old river course is difficult to dis­

tinguish from the sandveld. 

Interactions between the different components of an ecosystem are simultaneous 

and multi-directional and care must therefore be taken in attempting to separate 

the components of the pan ecosystem when discussing their roles in the eco­

system. However, in order to consider the factors responsible for the active main­

tenance of the pan ecosystem referred to above a certain degree of separation 

is necessary. 

The most important features of the pan ecosystem are the physical dimensions 

of the pan and the distinctive properties of the soils, particularly those on and 

around the centre of the pan. The physical dimensions or shape of the pan is 

important because it results in the concentration of water, salts, etc., in the centre 

of the pan. The soils are important because it is their high mineral content and 

impervious nature which gives rise to the salt-licks and water-holes on the pan. 

The major components of the pan ecosystem which combine to maintain the 

shape of the pan and the properties of the soils can be grouped according to 

their function as follows: 

Movement of soil on pans 

Both biotic and abiotic factors are involved in the movement of soil on the pan 

and this movement is both towards and away from the centre of the pan. 
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Soil removed from the centre of the pan 

Many animal species visit the pan to eat mineralized soil at the salt-licks and to 

utilize the water-holes. These salt-licks and water-holes are in the c-entre of the 

pan on the pan floor and their use results in a deepening of the pan floor relative 

to the pan banks and the surrounding sandveld, and in a net loss of soil to the 

centre of the pan (Fig. 43). 

Pan vegetation is subjected to heavy use by the herbivores and the vegetation on 

the pan floor and pan edge is kept short during the dry season. The soil surface 

is also loosened by the high tram piing pressure and as a result of these two factors 

wind erosion takes place. Since wind erosion in the surrounding sandveld is relatively 

small the wind erosion on the pan floor and pan edge results in a loss of soil to 

the centre of the pan (Fig. 43). The dune on the leewardside of the pan is an 

illustration of this loss of soil from the pan due to wind erosion. 

Soil added to the centre of the pan 

Water erosion on the banks of the pan moves soil downwards towards the centre 

of the pan, which results in a net gain of soil to the centre of the pan and raises 

the level of the pan floor relative to the pan banks and surrounding sandveld 

(Fig. 43). 

The pan floor is lower than the pan bank, which in turn is lower than the pan 

rim. Any soil moved by such factors as scuffing of antelope hoofs will tend on 

average to be moved by the force of gravity downwards i.e. towards the centre of 

the pan. This results in a gain of soil to the centre of the pan (Fig. 43). 

Development of the characteristic properties of pan soils 

Geologically, loose sand was deposited as a discrete layer over a virtually solid 

calcrete layer in the Kalahari. The soils on pans are however, a combination of 

sand and calcrete with their own specific physical and chemical properties. It is 

certain of these properties such as the high silt and clay content that results in in-
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SANDVELD 

Figure 43 

PAN DUNE PAN BANK PAN EDGE I PAN FLOOR I PAN EDGE PAN BANK PAN RIM 

Diagrammatic representation of soil movement in a pan ecosystem in the Central Kalahari, Botswana. The amount of soil moved by the various factors 

is small compared with the amount of soil on the pan but is sufficient to maintain the shape of the pan 
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creased runoff, the formation of water-holes, and the concentration of minerals in 

the pan centre. 

Physical properties 

There is extensive digging and burrowing activity on pans involving a wide range 

of animal species. The digging is both shallow and deep and takes place in even 

the hardest material. This continued burrowing breaks up the larger calcrete part­

icles, mixes these particles with the sand, and exposes them to other natural soil 

forming agents. This leads to the development of the characteristic pan soils. 

Chemical properties 

Water which drains inwards from the banks towards the pan floor carries with it 

organic matter and minerals. In this way the concentration of minerals in the 

centre of the pan is increased and salt-licks are formed in this highly mineralized 

soil. 

Stabilizing or damping factors 

Certain components of the pan ecosystem play an important role in slowing down 

or damping the effects of other factors. Without this damping effect the ecosystem 

would be less stable and subject to greater extremes. 

Pan vegetation is one of the main damping factors. This vegetative cover reduces 

both wind and water erosion and so slows down the rate at which these factors 

move soil on the pan. Without this damping effect provided by the vegetation wind 

and water erosion on the pan would probably become too rapid for the soil forming 

agents to replace the eroded soil. 

Predators also play an important damping role in the pan ecosystem. Although a 

heavy herbivore pressure is necessary for the proper functioning of the pan ecosystem 

the herbivore pressure when it becomes too great will destroy the vegetation which 

in turn will lead to excessive wind and water erosion. An example of the results of 

such excessive herbivore pressure on pan bank vegetation is given in Fig. 42. 
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Predators help to prevent the herbivore pressure from becoming too great by 

damping herbivore numbers. 
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Odum (1971) states that ecosystems are capable of self-maintenance and self­

regulation. The pan ecosystem has been shown in this study to be self-maintaining 

and examples of self-regulation and damping factors have been discussed. What is 

particularly striking is that it is the combined interactions of both the biotic and 

abiotic components that results in the maintenance of this valuable ecosystem in 

the Kalahari. 

The conservation of these key pan habitats therefore not only requires the conser­

vation of the pan itself but also the numerous components of the pan ecosystem. 

Many of these components are highly mobile and it is essential that this be taken 

into account in the planning and management of conservation areas in the Kalahari. 

Such areas must be large enough to allow for adequate animal-soil-plant interactions. 

The factors that maintain the pan ecosystem also played a role in its formation 

and this aspect will be discussed in a separate paper. 

Extensive areas of the Kalahari both in Botswana and South Africa have already 

been set aside as conservation areas and it is hoped that this study will contribute 

to a better understanding of the Kalahari and so assist in its conservation. 
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SUMMARY 

Scattered throughout the Kalahari sandveld of Southern Africa are saucer-shaped 

depressions known as pans or salt-pans, which vary in size from less than 30 m 

in diameter to as much as 5 km in diameter. 
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A cross-section of these pans in the Mabua Sehube and Khutse Game Reserves in 

Botswana were studied from 1968 to 1972 as part of the overall wildlife research 

program in Botswana. The study included regular animal counts, pellet counts, 

measurements of vegetation and vegetation use, and determination of soil properties. 

Pans were shown to be heterogeneous habitats in a relatively homogeneous sand-

veld environment which support a characteristic vegetation with many Karroid 

features. They were also shown to be focal points for many wildlife species and are 

the sites of important wildlife salt-licks and seasonal water-holes which are not found 

in the sandveld. Human activity in the Kalahari was found to be largely concen­

trated around pans, although the recent drilling of boreholes is altering the pattern 

of human distribution. 

The study further demonstrated how these valuable pan habitats or ecosystems are 

actively maintained by the combined interaction of their various biotic and abiotic 

components. An example of this interaction is that run-off water concentrates 

soluble minerals and fine soil particles, which form the basis of the salt-licks and 

water-holes, in the lower parts of the pan. The salt-licks and water-holes attract 

animals and animal use results in a removal of soil from these areas, which helps 

to maintain their depth and so ensure that further run-off water flows into them, 

thus completing the cycle. Other factors including herbivore pressure on the vege­

tation and wind erosion were also shown to play a role in maintaining the pan 

ecosystem. 

The study underlines the need to conserve and understand ecosystems rather than 

individual species or groups of species, and it is hoped that these results will contri­

bute to a better understanding of the Kalahari and so assist in its conservation. 
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OPSOMMING 

In die Kalahari-sandvelddele van Suider Afrika kom panne of soutpanne wydver­

spreid voor. Hierdie panne is holtes in die sandveld en wissel van minder as 30 m 

tot soveel as 5 km in deursnee. 

'n Reeks van hierdie panne in die Mabua Sehube en Khutse Natuurreservate in 

Botswana is gedurende die tydperk 1968 tot 1972 bestudeer as deel van die wild­

navorsingsprogram in Botswana. Die studie het uit gereelde wildtellings, wildmis­

opnames, plantopnames, bepalings van plantegroeiverbruik, en bepalings van grond­

eienskappe, bestaan. 

Dit is vasgestel dat die panhabitat heterogeen is in vergelyking met die homogene 

sandveldhabitat en <lat die pan 'n kenmerkende plantegroei met heelwat Karoo­

agtige eienskappe bevat. Dit is ook vasgestel <lat panne fokuspunte vir baie wild­

soorte is en dat belangrike soutlekke en tydelike watergate wat op panne aangetref 

word nie in die sandveld voorkom nie. Menslike aktiwiteite in die Kalahari is hoof­

saaklik rondom panne gekonsentreer alhoewel die onlangse ontwikkeling van boor­

gate besig is om die patroon van menslike verspreiding te verander. 

Die studie het verder aangedui hoe hierdie waardevolle habitatte of ekosisteme deur 

die gesamentlike wisselwerking van hulle biotiese en abiotiese komponente in stand 

gehou word. 'n Voorbeeld van hierdie wisselwerking is <lat afloopwater die oplos­

bare minerale en fyn gronddeeltjies, wat die basis van die soutlekke en watergate 

vorm, in die laerliggende dele van die pan konsentreer. Die soutlekke en watergate 

lok wild en wild verwyder grond vanuit hierdie gebiede. Hierdie verwydering van 

grond verseker dat verdere afloopwater invloei, wat die siklus voltooi. Ander faktore 

soos plantverbruikerdruk op die plantegroei en winderosie speel ook 'n rol in die 

instandhouding van die pan ekosisteem. 

Die studie beklemtoon die noodsaaklikheid om ekosisteme te bewaar en te ontleed 

eerder as om op een spesie of op 'n paar spesies te konsentreer. 

Dit word vertrou dat hierdie resultate 'n bydrae tot 'n beter begrip van die 

Kalahari sal lewer en sodoende tot die bewaring daarvan sal lei. 
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Appendix 1 : Soil properties on and around pans in the Central Kalahari, Botswana. Soil samples were taken at the sites and depths indicated and the figures are the results of a routine laboratory analysis 
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(outer) 609-914 2 9,5 420 15-30 0,15 

Mabua Sehube 0,762- 100 11 31 42 7 5 5 8,2 9,1 70 15-30 0,11 0,30 15,6 0,9 0,04 0,02 0,10 0,08 0,Q2 0,04 0,14 

pan bank 762-1524 100 5 28 43 9 7 7 8,3 9,2 90 15-30 0,23 0,49 16,4 1,8 0,Q7 0,Q3 0,05 0,09 0,04 0,Q3 0,12 

Mabua Sehube 0-609- 100 5 36 45 7 3 4 7,6 8,8 40 0-1 O,Q2 0,16 2,0 0,7 0,Q2 0,Q2 0,09 0,Q7 0,Q3 0,Q2 0,12 

pan dune 609+ 100 3 34 47 9 3 5 8,1 9,2 50 2-5 0,Q6 0,08 7,8 0,9 0,Q2 0,01 0,12 0,09 0,Q3 0,Q2 0,11 

Khutse Game Khutse 2 

Reserve pan floor 0-100 100 1 7 45 12 17 19 7,9 9,0 60 17 0,10 0,48 18,0 1,6 0,Q2 0,Q2 0,3 OJ 0,06 0,Q3 0,76 

Khutse 2 

pan edge 0-100 100 1 10 64 13 3 8 7,8 8,2 50 4 0,05 0,18 9,6 0,6 0,005 0,Q2 0,2 0,2 0,05 0,02 0,30 

Khutse 2 

pan bank 0-100 100 0,2 12 65 13 4 5 7,3 8,2 20 1 0,02 0.10 1,5 0,6 0,005 0,003 0,3 0,08 0,Q3 0,Q2 0,17 

Sandveld 

100 m from 

Khutse 2 
0-100 100 0,3 10 64 18 3 4 6,5 7,7 20 0,5 0,01 0,15 1,2 1,0 0,005 0,01 0,1 0,01 0,04 0,Q3 0,21 

pan floor 
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Appendix 2 : Soil properties of various pan floor soils in the Central Kalahari, Botswana. Soil samples were taken at the sites and depths indicated and the figures are the results of routine laboratory analyses 

>-
I-< >~ -..c: 
ti e GROSS EXTRACTABLE SATURATED PASTE SATURATED PASTE 

z 
AREA SITE DEPTH :::i:::i 0 

PARTICLE SIZE DISTRIBUTION IN PER CENT pH :,;: ~ Oz :::i CATIONS SOLUBLE CATIONS SOLUBLE ANIONS cii:: IN z- cJ < 
MM 8~ ,-.l Meg 100 g Me/ 100 g Me / 100 g u 

<~ I-< ...i- z <(ll U1-< 
Calcium Water ~l:i ~~ 

~ 

Na K Ca Mg Na K Ca+ HCO3 Cl so4 
u Fine Coarse Mediu11 Fine Very Silt Clay chloride 2:5 cii::i:i. ~o cii:: earth sand sand sand fine .02N ti fg u~ Mg ~ 

sand 
suspen- ~(ll cii::cii:: i:i. 

1:5 SUS- sion ,-.l~ ~< 
pension ~- i:i.u 

Mabua Sehube Khiding 0-100 100 1 6 17 5 21 50 8,1 8,5 
Game Reserve pan floor 

1100 47 4,3 2,3 18,7 6,8 3,5 0,5 3,4 0,1 4,2 1,9 1,06 

Lesholwago 0-100 96 5 10 26 8 21 30 8,9 9,5 5 200 
pan floor 

48 32 44 13,8 0,8 28 3,1 0,4 0,7 25,2 5,0 0,76 

Kuli-Nojane Kuli 0-100 95 13 20 42 11 7 6 7,8 8,2 
pan floor 

100 26 0,15 0,95 17,8 0,5 0,08 0,05 0,4 0,3 0,5 0,1 0,81 

Ukwi 0-100 100 2 7 19 8 12 52 8,3 8,8 5 050 
pan floor 

36 36 2,6 17,0 4,3 25 0,73 2,0 0,2 28 0,6 0,33 

Khutse Game Khutse 1 0-100 100 0,3 9 60 14 5 12 7,9 8,8 
Reserve pan floor 

50 6 0,06 0,29 11,5 0,9 0,007 0,01 0,3 0,1 0,07 0,02 0,46 

Muhu.rushele 0-100 97 5 8 49 11 13 15 7,9 8,3 100 
pan floor 

22 0,14 0,62 16,9 1,6 0,01 0,01 0,5 0,2 0,4 0,04 0,84 
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Appendix 3 : Soil properties of various salt-licks on pans in the Central Kalahari, Botswana, compared with the soil properties of the adjacent pan floor soil. Soil samples were taken at the sites and depths 
indicated and the figures are the results of a routine laboratory analysis 

>-
!-< 

PARTICLE SIZE DISTRIBUTION IN PER CENT pH > ~ GROSS EXTRACTABLE SATURATED PASTE SATURATED PASTE 
- ..c SOLUBLE CATIONS SOLUBLE ANIONS b E CATIONS 
::, ::, 

::E Meg 100 g Me/ 100 g Me/ 100 g z 0 z AREA SITE DEPTH z - ::, 0 
IN 0 Z u ~ Fine Coarse Medium Fine Very Silt Qay Calcium Water U O ...:I Na K Ca Mg Na K Ca+ HCO3 a SO4 ...:I - <~ < MM earth sand sand sand fine chloride 2:5 c)~ u !-< Mg u 

!-< < 1z sand .02N suspen 2 ~ z z 
~ 

1 :5 SUS· sion !-< Cl) ~ 0 u u::, u~ ~ Cl) c,:: 
pension ...:I'!'? es < ~ 

~ - i:i.. u i:i.. 

KhutseGame Muhurushele 0-100 97 5 8 49 11 13 15 7,9 8,3 100 22 0,14 0,62 16,9 1,6 0,01 0,01 0,5 0,2 0,4 0,04 0,84 
Reserve pan floor 

Muhurushele 200-300 85 4 7 36 10 18 25 8,0 8,4 1 300 39 5,4 2,4 20,1 0,8 5,0 1,3 2,9 0,2 7,6 0,8 0,83 
salt-lick 

Khutse 1 0-100 100 0,3 9 60 14 5 12 7,9 8,8 50 6 0,06 0,29 11,5 0,9 0,007 0,Ql 0,3 0,1 0,Q7 0,02 0,46 
pan floor 

Khutse 1 200-400 89 2 8 44 13 13 21 8,1 9,0 100 17 0,36 0,35 19 0,4 0,12 0,05 0,15 0,1 0,2 0,06 0,36 
salt-lick 

Khutse 2 0-100 100 1 7 45 12 17 19 7,9 9,0 60 17 0,10 0,48 18 1,6 0,Q2 0,Q2 0,3 0,1 0,06 0,Q3 0,76 
pan floor 

Khutse 2 200-400 69 4 10 47 10 12 16 8,0 9,2 90 21 0,26 0,32 19 1,1 0,09 0,05 0,2 0,15 0,1 0,09 0,60 
salt-lick 

Mabua Sehube Mabua Sehube 0-380 99 13 27 37 10 7 9 8,2 9,0 100 15- 1,4 1,3 16,8 2,1 0,10 0,06 0,15 0,18 0,04 0,07 0,31 
Game Reserve pan edge 30 

Mabua Sehube 0-200 96 2 5 11 4 30 47 9,3 9,9 15 000 15- 160 8,5 20,0 1,3 67 1,5 O,Q3 2,2 53 13 0,29 
pan floor 30 

(used asa 

salt-lick) 
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Appendix 4: Presence of open water in the seasonal water-holes on Khutse 2 Pan, Central Kalahari, Botswana. The water-holes on Khutse 2 Pan were inspected daily during 1970 and 1971 and the presence of water 
in the water-hole recorded 

Day I 
of WATER IN WATER-HOLES 

the 

1nth! 
1970 1971 

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. I Oct. I Nov. I Dec. 

0 0 0 0 0 - - - 0 X X 0 - - - - - - X 

2 0 - 0 0 0 0 - 0 X X - X 0 - - - - - X 

3 0 - 0 0 0 0 - - 0 0 X 0 - - - 0 

4 0 - 0 0 0 - - 0 0 X - X 0 - - - - - X 

5 0 0 0 0 - 0 0 X - - 0 - - - - - - X 

6 0 0 0 0 0 - - 0 0 X - 0 0 - - - - - X X 

7 0 0 0 0 - - 0 X - 0 - - - - - - X 

8 0 - 0 0 - 0 - - 0 - X 0 - - - - - X 

9 0 - 0 - 0 - - - 0 - - X 0 - - - - - - X 

10 - - 0 - 0 - - 0 - 0 X 0 - - - - - - - X 

11 - - 0 - 0 - - X 0 - 0 X 0 - - - - - - - X 

12 - - 0 - - 0 - - X 0 - X X - - - - - - - X 

13 - 0 - 0 - - - X 0 - X - - - - - - - - - - X 

14 - - 0 - 0 0 - - 0 0 - X - - - - 0 - - X 

15 - 0 - 0 0 - 0 0 - X X - - - - - - - - X X 

16 - - 0 - - 0 0 - ~ 0 0 X X - - - - - - X X X 

17 - 0 - 0 - 0 - 0 0 X X - - - - - - - X X X 

18 0 - 0 0 - - 0 0 - X X - - - - - - - X X X 

19 - 0 - - 0 0 - 0 0 X X - - - - - - - X X 

20 - - 0 - - 0 0 - 0 0 0 X X X - X - - - - - - X X 

21 - - 0 - - 0 - - - 0 0 X X - - - - - - - - - X X 

22 - - 0 - - 0 - - - 0 0 X X - - - - - - - - - X X 

23 - - 0 - - 0 - - 0 0 X X X - - - - - - - - X X 

24 - - 0 - - - - - - 0 0 - - X 0 - - - - - - - X X 

25 - - 0 - - - - - - 0 0 X - X 0 - - - - - - - X X 

26 - - 0 - - - - - 0 - X 0 X 0 - - - - - - - X X 

27 - 0 0 - - X - - 0 - X 0 X 0 - - - - - - - X X 

28 - 0 0 0 - X - - - 0 - 0 X 0 - - - - - - - X X 

29 - 0 0 - - - - - 0 - - - 0 - - - - - - - 0 X 

30 - 0 0 - - - - - 0 - X - 0 - - - - - - - 0 X 

31 - 0 - - - 0 X - 0 - - - - X 

X = open water present - no water present 0 = no data 
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Appendix S : Percentage ground cover (i.e. rooted plants and plant canopy) of perennial grasses and woody plants (shrubs and trees) on and around pans 

in the Central Kalahari, Botswana. The percentage ground cover was determined during the dry season at the sites indicated. Forbs and 

annual grasses did not contribute significantly to the dry season ground cover. Measurements of pan vegetation were done on the section of 

the pan floor with the best perennial grass cover. (No data indicated by a dash) 

PER CENT GROUND COVER 

PAN YEAR Pan floor Pan edge Pan bank Pan rim Sandveld Sandveld 
1,6 km 3,2 km 
from pan from pan 

G w G w G w G w G w G w 

Mpatutlwa 1968 42 0 12 7 - - 22 15 20 9 20 4 

1969 25 I 4 17 - - - - - - - -
1970 24 0. I 9 - - - - - - - -
1971 46 I 7 15 - - - .- - - - -

-- -- -- -- -- -- -- -- -- --
mean 34,3 0,5 6,0 12,0 22,0 15,0 20,0 9,0 20,0 4,0 

Bosho 1968 29 0 II 6 II 30 23 3 21 3 24 5 

Bogolo 1969 38 I 7 9 2 42 - - - - - -
1970 33 0 10 13 4 33 - - - - - -
1971 26 I 3 8 1 35 - - - - - -

r---- -- -- -- -- -- -- -- -- -- -- --
mean 31 ,5 0,5 7,8 9,0 4,5 35,0 23,0 3,0 21,0 3,0 24,0 s,o 

Leshol- 1968 31 I - - - - 15 15 9 II 11 6 

wago 1969 25 0 5 11 - - - - - - - -
1970 20 0 4 5 - - - - - - - -
1971 25 0 12 14 - - - - - - - -

- -- -- -- -- -- -- -- -- --
mean 25,3 0,3 7,0 10,0 15,0 15,0 9,0 11,0 11,0 6,0 

Kruding 1969 28 0 16 10 0 24 - - - - - -
1970 23 0 7 5 - - - - - - - -
1971 40 0 10 4 - - - - - - - -

t---- -- -- -- -- --
mean 30,3 0,0 11,0 6,3 0,0 24,0 

Khutse 2 1969 23 0 7 6 - - 23 19 24 IO 30 8 

1970 12 0 5 3 - - - - - - - -
1971 7 0 7 6 - - - - - - - -

-- -- -- -- -- .___ -- -- -- --
mean 14,0 0,0 6,3 5,0 23,0 19,0 24,0 10,0 30,0 8,0 

Sutswane 1969 18 0 - - 13 9 - - - - - -
1970 17 0 - - 9 4 - - - - - -
1971 18 0 - - 13 IO - - - - - -

- -- -- -- -- --
mean 17,7 0,0 11,7 7,7 

All pms mean 25,2 0,2 7,6 8,5 4,0 19,9 20,7 13,0 18,5 8,2 21,2 5,7 

G = perennial grass w woody plants 
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Appendix 6 : A..erage height in mm of the perennial grasses and woody plants (shrubs and trees) during the dry season on and around pans in the 
Central Kalahari, Botswana. Plant height was recorded as part of routine vegetation assessments from 1968 to 1972 at the sites indicated. 
Measurements of pan vegetation were done on the section of the pan floor 'with the best perennial grass cover (No data indicated by a 
dash) 

AVERAGE PLANT HEIGHT IN MM 

PAN YEAR Pan floor Pan edge Pan bank Pan rim Sandveld Sandveld 
1,6 km 3,2 km 
from pan from pan 

G w G w G w G w G w G w 

Mpatutlwa 1968 51,5 - 76,2 123,3 - - 721,3 1 513,8 444,5 1 608,6 613,8 1 828,8 

1969 28,7 177,8 14,2 161,3 - - - - - - - -
1970 12,1 - 6,3 174,9 - - - - - - - -
1971 108,7 152,4 72,5 149,0 - J - - - - - -

-- -- - -- -- -- -- -- -- --
mean 50,3 165,1 42,3 152,1 721,3 1 513,8 444,5 1 608,6 613,8 1 828,8 

Bosho 1968 131,4 - 12,7 152,4 762,0 411,4 575,7 1 117,6 387,3 1 219,2 541,8 1463,0 

Bogolo 1969 266,9 101,6 19,9 135,4 304,8 361,0 - - - - - -
1970 224,7 - 28,8 128,9 184,1 441,0 - - - - - -
1971 52,7 152,0 59,2 104,7 50,8 424,5 - - - - - -

-- -- -- -- -- -- -- --- --- -- - ---
mean 168,9 126,8 28,7 130,4 325,4 409,5 575,7 1117,6 387,3 1 219,2 541,8 1 463,0 

Leshol- 1968 88,9 152,4 - - - - 450,8 1 178,5 440,2 1 188,7 965,2 889,0 

wago 1969 160,5 - 12,7 154,7 - - - - - - - -
1970 37,4 - 25,4 162,5 - - - - - - - -
1971 60,9 - - 132,4 - - - - - - - -

-- -- -- -- -- -- -- -- -- --
mean 86,9 152,4 17,6 149,9 450,8 1 178,5 440,2 1 188,7 965,2 889,0 

Khiding 1969 263,9 - 17,4 160,0 - 511,l - - - - - -
1970 28,7 - 7,2 162,5 - - - - - - - -
1971 436,2 - 6,3 114,3 - - - - - - - -

- -- -- -- --
mean 242,9 10,3 145,6 511,1 

Khutse 2 1969 245,1 - 65,3 266,7 - - 325,7 1 685,7 762,0 1174,0 624,8 1 828,8 

1970 17,4 - 15,2 254,0 - - - - - - - -
1971 39,9 - 30,8 190,5 - - - - - - - -

....-- -- -- -- -- -- -- -- -- -- ---
mean 100,8 37,1 237,0 325,7 1 685,7 762,0 1174,0 624,8 1 828,8 

Sutswane 1969 159,4 - - - 100,6 423,3 - - - - - -

1970 34,3 - - - 29,6 273,0 - - - - - -
1971 90,3 - - - 91,8 370,8 - - - - -- -

- -- --
mean 94,7 74,0 355,7 

All pans mean 124,l 148,1 27,2 163,0 199,7 425,4 518,4 1 373,9 508,5 1 297,6 686,4 1 502,4 

G = perennial grass W = woody plants 
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Appendix 7 Smaller mammals of the Central Kalahari, Botswana, (after Smithers 1971 and corrected for 1976 taxonomic status). The mammals are 
listed and their presence on pans or pan-like habitat indicated 

Common name 

Short-eared elephant shrew 

Bushveld elephant shrew 

Lesser red musk shrew 

Egyptian freetailed bat 

Cape serotine bat 

Dent's horseshoe bat 

Pangolin 

Aardwolf 

Caracal 

Wild cat 

Blackfooted cat 

Bat-eared fox 

Cape fox 

Black-backed jackal 

Honey badger 

Striped polecat 

Small-spotted genet 

Suricate 

Yellow mongoose 

Slender mongoose 

Antbear 

Scrub hare 

Cape hare 

Damara mole-rat 

Porcupine 

Springhare 

Dormouse 

Ground squirrel 

Brant's karroo rat 

Four-striped mouse 

Pygmy mouse 

Tree rat 

Namaqua rock rat 

Namaqua gerbil 

South African pygmy or lesser gerbil 

Bushveld gerbil 

Brant's gerbil 

Pouched mouse 

Long-eared desert mouse 

MAMMAL 

Species 

Macroscelides proboscideus 

Elephantulus intufi 

Crocidura hirta 

Tadarida aegyptiaca 

Eptesicus capensis 

Rhinolophus denti 

Manis temmincki 

Proteles cristatus 

Fe/is caracal 

Fe/is libyca 

Fe/is nigripes 

Otocyon mega/otis 

Vulpes chama 

Canis mesomelas 

Mellivora capensis 

Jctonyx stria{us 

Genetta genetta 

Suricata suricatta 

Cynictis penicillata 

Herpestes sanguineus 

Orycteropus afer 

Lepus saxatilis 

Lepus capensis 

Cryptomys damarensis 

Hystrix africaeaustralis 

Pedetes capensis 

Graphiurus murinus 

X erus inauris 

Parotomys brantsii 

Rhabdomys pumilio 

Mus minutoides 

Thallomys paedulcus 

Aethomys namaquensis 

Desmodillus auricularis 

Gerbillurus paeba 

Tatera /eucogaster 

Tatera brantsii 

Saccostomus campestris 

Malacothrix typica 

RECORDED ON PANS OR 
PAN-LIKE HABITAT 

Yes (restricted to the extreme south­
west) 

Yes 

Has a wide habitat tolerance 

Favours open country 

Has a wide habitat tolerance 

No 

Has a wide habitat tolerance 

Yes 

Has a wide '1.abitat toler:mce 

Yes 

Yes 

Yes, typically 

Yes 

Yes 

Has a wide habitat tolerance 

Has a wide habitat tolerance 

Has a wide habitat tolerance 

Yes, typically 

Yes 

Has a wide habitat tolerance 

Has a wide habitat tolerance 

Yes 

Yes 

No 

Has a wide habitat tolerance 

Yes 

Has a wide habitat tolerance 

Yes 

Yes (restricted to the south­
west) 

Yes 

Has a wide habitat tolerance 

No 

Yes 

Yes 

No 

Has a wide habitat tolerance 
(not found in the extreme south-west) 

Has a wide habitat tolerance 

Has a wide habitat tolerance 

Yes 
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Appendix 8 : Monthly and annual daily mean number of the larger animals recorded at pans in the Central Kalahari, Botswana. Daily animal counts were done at Mabua 
Sehube and weekly counts at Lesholwago and Mpatutlwa from 10th April 1968 to 31st March 1969, and daily counts were done at Khutse 2 from 
10th January 1970 to 31st December 1971 

DAILY MEAN NUMBER OF ANIMALS 
ANIMAL PAN 

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Year 

Springbok Mabua Sehube 51,7 61,0 68,9 33,8 64,8 54,9 124,7 63,5 43,9 26,7 13,3 162,6 64,2 

Lesholwago 40,0 19,0 80,5 67,0 89,3 56,0 84,3 46,6 76,3 18,3 5,3 10,0 49,3 

Mpatutlwa 42,7 27,5 79,0 137,5 42,3 85,3 61,8 43,6 62,2 13,5 31,8 49,0 56,4 

Khutse 2 29,7 68,3 146,0 29,4 24,4 10,7 11,2 10,8 7,8 8,7 31,7 42,8 35,1 

Red harte- Mabua Sehube 2,8 10,3 24,0 21,7 10,3 28,8 21,1 16,2 3,2 3,8 1,9 0,5 12,l 
beest l.esholwago 3,5 9,0 16,3 12,0 5,8 8,7 15,0 6,2 0,0 0,0 2,0 6,3 7,1 

Mpatutlwa 3,0 2,5 19,6 15,3 5,0 20,5 16,2 7,6 1,5 5,5 4,0 1,3 8,5 

Khutse 2 21,4 25,6 0,0 18,3 11,7 2,1 1,1 0,4 1,8 5,6 6,5 2,9 8,1 

Blue wilde- Mabua Sehube 0,6 0,1 0,5 0,5 0,8 2,5 8,3 14,6 3,3 0,4 1,2 0,0 2,7 
beest l.esholwago 1,5 0,0 0,5 13,3 1,0 3,3 3,8 13,0 0,7 3,3 0,0 0,0 3,4 

Mpatutlwa 0,0 0,0 0,2 0,3 0,0 2,5 0,7 0,2 0,0 0,0 0,5 1,7 0,5 

Khutse 2 1,8 1,4 0,0 20,7 0,7 0,6 0,5 0,2 3,8 1,0 0,1 2,6 2,8 

Geimbok Mabua Sehube 3,3 2,1 9,4 3,5 1,5 3,4 6,3 11,2 2,0 5,8 1,2 0,8 4,2 

l.esholwago 6,5 2,5 26,0 8,7 47,0 10,0 13,8 15,4 3,3 15,3 4,3 0,0 12,7 

Mpatutlwa 2,7 7,3 16,2 13,7 9,2 19,7 10,8 8,2 3,3 8,3 3,0 9,0 9,3 

Khutse 2 0,0 0,0 0,0 0,2 0,6 0,0 0 ,2 0,1 0,1 0,3 0,1 0,0 0,1 

Kudu Mabua Sehube 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

l.esholwago 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Mpatutlwa 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Khutse 2 0,1 0,0 0,0 0,1 1,4 0,2 0,3 0,1 0,3 0,0 0,0 0,0 0,2 

Eland Mabua Sehube 9,8 0,3 0,8 0,0 1,9 0,5 1,9 3,0 6,0 19,9 1,0 0,0 3,8 

Lesholwago 7,0 0,0 0,0 0,0 24,0 10,0 14,0 4,0 0,3 13,7 0,0 0,0 6,1 

Mpatutlwa 4,0 0,0 0,0 0,0 1,8 2,0 6,3 0,0 3,3 1,8 2,3 0,0 1,8 

Khutse 2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Ostrich Mabua Sehube 2,1 1,9 10,4 11,0 3,3 10,2 11,6 12,9 3,0 4,3 0,3 0,5 6,0 

Lesholwago 1,5 1,0 13,0 4,3 4,5 9,3 8,8 11,0 1,3 5,0 4,3 2,3 6,5 

Mpatutlwa 5,0 2,0 25,0 2,0 2,5 10,0 11,8 15,6 4,2 3,8 0,5 0,0 6,9 

Khutse 2 1,0 0,6 0,3 0,3 0,7 0,1 0,4 0,7 0,3 0,2 0,2 1,5 0,5 

Llon Mabua Sehube 0,1 0,1 0,0 0,7 0,3 0,2 0,5 0,0 0,2 0,0 0,0 0,0 0,2 

Lesholwago 0,3 0,0 0,0 0,7 0,3 0,0 0,7 0,0 0,0 0,0 0,0 0,0 0,2 

Mpatutlwa 0,0 0,3 0,0 0,3 0,0 0,8 0,2 0,0 0,0 0,0 0,8 0,0 0,2 

Khutse 2 0,0 0,0 0,0 0,2 0,0 0,0 0,1 0,0 0,0 0,0 0,0 0,0 om 
Wild dog Mabua Sehube 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Lesholwago 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Mpatutlwa 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Khutse 2 0,0 0,1 0,7 0,1 0,2 0,1 0,1 0,0 0,0 0,0 0,2 0,1 0,2 
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Appendix 9 

PAN 

Mpatutlwa 

Bosho 

Bogolo 

Lesholwago 

Mabua 

Sehube 

Khiding 

Khutse 2 

All pans 

Density of large ungulate, springhare and hare pellet groups on and around pans in the Central Kalahari, Botswana. The figures are the 
average number of pellet groups per 20 plots (each plot 3, 8·m2) recorded during the dry season at the sites indicated. Pellet collllts 
on the pan floor were done on the section with the best perennial grass cover. (No data indicated by a dash) 

NUMBER OF PELLET GROUPS 

YEAR Pan floor Pan edge Pan bank Pan rim Sandveld Sandveld 

1,6 km 3,2 km 

from pan from pan 

G M H G M H G M H G M H G M H G M H 

1968 6,3 27,7 0,5 0,7 13,3 0,5 - - - 0,0 0,0 4,0 0,0 0,3 6,0 0,3 0,7 6,0 

1969 1,0 9,3 2,5 2,7 25,0 3,0 - - - - - - - - - - - -
1970 4,0 15,3 10,5 I,7 31,3 3,0 - - - - - - - - - - - -
1971 3,3 7,0 0,0 0,3 18,7 3,0 - - - - - - - - - - - -

-- -- -- -- -- -- -- -- -- -- -- -- -- -- --
mean 3,7 14,8 3,4 1,4 22,1 2,4 0,0 0,0 4,0 0,0 0,3 6,0 0,3 0,7 6,0 

1968 10,3 6,3 1,5 2,3 13,6 0,0 2,3 4,6 3,5 0,3 0,3 12,5 0,0 0,0 10,0 0,0 0,0 9,5 

1969 10,3 2,6 0,0 4,7 17,0 4,0 1,7 4,0 2,5 - - - - - - - - -
1970 13,0 7,0 11,0 7,0 19,6 10,5 4,3 2,0 10,0 - - - - - - - - -
1971 5,7 5,6 9,0 4,0 19,6 9,5 3,3 1,6 9,0 - - - 1,0 0,7 6,0 0,0 - -

- - - - - - - - - - - - -- - - - - -
mean 9,8 5,4 5,4 4,5 17,5 6,0 2,9 3,1 6,3 0,3 0,3 12,5 0,5 0,7 8,0 0,0 0,0 9,5 

1968 3,3 12,0 3,0 - - - - - - 0,0 0,0 13,5 0,3 0,0 11,5 0,0 0,0 8,5 

1969 2,3 8,7 7,0 1,0 24,0 1,0 - - - - - - - - - - - -
1970 5,3 22,3 6,5 1,0 30,7 3,5 - - - - - - - - - - - -
1971 8,0 15,3 7,5 3,0 25,7 3,0 - - - - - - - - - - - -

-- - -- -- - - - - -- - - - - -- --
mean 4,7 14,6 6,0 1,7 26,8 2,5 0,0 0,0 13,5 0,3 0,0 11,5 0,0 0,0 8,5 

1968 - - - - - - - - - - - - - - - 0,0 0,0 4,0 

1969 - - - 2,7 20,7 10,5 - - - - - - - - - - - -
1970 - - - 6,7 16,3 11,0 - - - - - - - - - - - -
1971 - - - 6,3 26,7 10,5 - - - 1,7 14,7 4,0 1,0 0,3 6,0 - - -

- - - - - - - - -- - - -
mean 5,2 21,2 10,7 1,7 14,7 4,0 1,0 0,3 6,0 0,0 0,0 0,0 

1969 10,7 5,0 7,0 12,0 11,7 6,5 3,0 1,7 10,5 - - - - - - - - -
1970 21,7 7,0 3,0 8,7 10,7 4,0 - - - - - - - - - - - -
1971 12,0 2,7 0,0 7,0 6,7 0,0 - - -

- - - - - - - - -
mean 14,8 4,9 3,3 9,2 9,7 3,5 3,0 1,7 10,5 

1969 1,7 9,0 2,0 0,3 5,3 8,5 0,3 2,3 4,5 0,3 3,3 8,0 2,0 2,3 10,0 

1970 4,3 8,3 1,0 2,0 7,3 6,5 - - - - - - - - - - - -
1971 2,3 10,7 9,0 0,3 6,0 8,0 - - - - - - - - - - - -

- - - - - - - - - - - - - - -
mean 2,8 9,3 4,0 0,9 6,2 7,7 0,3 2,3 4,5 0,3 3,3 8,0 2,0 2,3 10,0 

mean 7,2 9,8 4,4 3,8 17,3 s.s 3,0 2,4 8,4 o,s 3,S 7,7 0,4 0,9 7,9 o,s 0,6 6,S 

G large ungulate grazers i.e. gemsbok, red hartebeest and blue wildebeest 

M large ungulate browsers and mixed feeders i.e. kudu, eland and springbok 

H springhares and hares 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

Typed and lithographed by: 

Hennie's Secretarial Services (Pty.) Ltd., 

120, Vigilans Building, 

Pretorius Street, 

PRETORIA. 

0002 


	Study Major Components Kalahari
	front_1

	Acknowledgements 
	ii

	Table of Contents 
	iv

	List of Tables 
	List of Figures 
	vii
	viii
	ix

	Chapter 1: Introduction
	Chapter 2: Study Area 
	p003
	p004
	p005
	p006
	p007
	p008
	p009
	p010
	p011
	p012
	p013
	p014
	p015

	Chapter 3: Methods
	p017
	p018
	p019
	p020

	Chapter 4: Results and Discussion 
	p022
	p023
	p024
	p025
	p026
	p027
	p028
	p029
	p030
	p031
	p032
	p033
	p034
	p035
	p036
	p037
	p038
	p039
	p040
	p041
	p042
	p043
	p044
	p045
	p046
	p047
	p048
	p049
	p050
	p051
	p052
	p053
	p054
	p055
	p056
	p057
	p058
	p059
	p060
	p061
	p062
	p063
	p064
	p065
	p066
	p067
	p068
	p069
	p070
	p071
	p072
	p073
	p074
	p075
	p076
	p077
	p078
	p079
	p080
	p081
	p082
	p083
	p084
	p085
	p086
	p087
	p088
	p089
	p090
	p091
	p092

	Chapter 5: Conclusions 
	p094
	p095
	p096
	p097

	Summary 
	Opsomming
	References 
	p101

	Appendices 
	appendix_2
	appendix_3
	appendix_4
	appendix_5
	appendix_6
	appendix_7
	appendix_8
	appendix_9
	appendix_10




