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ABSTRACT 

 

Boscia albitrunca (Shepherd's Tree) is a protected tree providing important ecosystem services 

and functions within its distribution area. Populations of this species are under increasing 

herbivory pressure due to its rather unique function of providing evergreen foliage in drought-

prone African savannas. Not only is B. albitrunca a preferred browse species to native wild 

herbivores, but also favoured by domesticated livestock, specifically equids, such as horses and 

donkeys with a preference for its nutritious bark when other forage resources are limited. 

 

The primary aim of this study was therefore to critically assess the effects of bark-stripping on B. 

albitrunca populations by three different equid species in the Mopane-Sand River area of the 

Limpopo Province. During the dry seasons of 2012-2014 it was observed that large numbers of 

B. albitrunca individuals were subjected to severe bark-stripping by free-ranging donkeys 

(Equus asinus africanus) that were kept in fenced-in areas or on communal rangelands. To a 

lesser extent, free-ranging horses (Equus caballus) also bark-stripped B. albitrunca. Burchell‘s 

Zebra (Equus quagga burchelli) was included in the study to discover what impact, if any, this 

species had on B. albitrunca trees. 

 

Based on the observed bark-stripping practices of donkeys and horses, it was hypothesized 

that: (i) the population structure and condition of B. albitrunca populations would vary 

significantly across land-use types that are exposed to different intensities of equid browsing 

and (ii) populations of B. albitrunca in areas exposed to donkey browsing would be unstable and 

characterised by severely damaged individuals. 

 

Boscia albitrunca populations were examined along 30 transects in five different land-use types 

which consisted of: (1) control areas that were exclusively exposed to local game species, (2) 

areas that hosted free-ranging donkeys with local game species, (3) enclosed camps in which 

donkeys were kept with local game species, (4) enclosed camps in which horses and local 

game species were kept and (5) enclosed areas in which zebras were kept with local game 

species. Population structure was critically evaluated through results obtained by measures of 

tree population densities, size-class distributions, proportions of single- to multi-trunked trees 

and population trends.  Further analyses included tree height, diameter at breast height, lowest 

reachable foliage and abundance measures to quantify the effects of equid foraging type and 

intensity on the overall population structure and stability. An ‗Overall Population‘ Index was 

developed to present an overview of B. albitrunca population structure and stability for each 

land-use type.  
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This study revealed significant variations in the population structure and stability of B. albitrunca 

populations across land-use types. Zebras, followed by donkeys, had the highest impact on B. 

albitrunca population structure and stability. The highest densities of B. albitrunca trees were 

recorded in the areas that were exposed to donkeys. Regeneration was healthier in the areas in 

which donkeys were fenced-in compared to areas hosting horses and free-ranging donkeys. 

However, the moderately steep positive regression slope displayed by the zebra-areas 

suggested B. albitrunca population declines under this particular land-use system.  

 

Approximately 15% of the sampled B. albitrunca individuals exhibited very poor tree condition, 

although mortality was not significant. Assessment of the damage effects on the various size 

classes across the land-use types revealed that B. albitrunca individuals are most susceptible to 

bark-stripping damage by donkeys and exhibit the least robust overall tree condition. However, 

larger trees (>45 cm diameter) were less affected. The highest impact on B. albitrunca 

population health was caused by bark-stripping by enclosed donkeys , followed, respectively, by 

free-ranging donkeys, horses and zebras. 

 

Despite the severity of bark damage imposed by donkeys and to a lesser degree by horses, 

these effects seem to have little effect on the overall population stability of B. albitrunca in the 

Mopane-Sand River area of the Limpopo Province, South Africa. 

 

Key words: communal rangeland, coppicing, livestock, population demography, Shepherd's 

Tree 
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CHAPTER 1 

Introduction  

 

1.1 Background and rationale 

Boscia albitrunca (Burch.) Gilg & Gilg-Ben (S.A. Tree No: 122), commonly known as the 

‗Shepherd's Tree‘, is a protected tree in South Africa in terms of Section 12 of the National 

Forests Act, 1998 (Act No. 84 of 1998). This is based on the fact that this species primarily 

provides browse to livestock and game (Alias & Milton, 2003), plus shade, shelter (Martin et al., 

2015) and food (Rampedi, 2010) to other animals, including invertebrates and birds (Alias & 

Milton, 2003). Boscia albitrunca thus contributes to cultural and biodiversity values (Koloka & 

Moreki, 2011), and performs ecological services such as reducing nutrient leaching, mitigating 

soil erosion and replenishing organic matter (Alias & Milton, 2003).  

Although this highly valued drought-tolerant tree species with its evergreen foliage, aptly 

described as ―the tree of life‖ by Coates Palgrave (1977), is widespread in the arid or semi-arid 

savanna regions of Southern Africa, pressure from intense herbivory on its habitat during 

periods of drought was reported by Alias & Milton in 2003. Permits to remove and/or destroy 

this species need to be obtained from the Department of Agriculture, Forestry and Fisheries and 

in the Limpopo Province from the Limpopo Department of Economic Development, Environment 

and Tourism. Any contravention of this Act may result in a fine or imprisonment or both for a 

period of up to three years (Van Zyl, 2015).  

Alias and Milton (2003) described B. albitrunca as a ‗keystone species‘ on the basis of its 

ecological and economic roles in southern Africa. ‗Keystone species‘ is a term first coined by 

the American ecologist R. T. Payne in 1969. An operational definition is provided by Davic 

(2003) as follows: ―A keystone species is held to be a strongly interacting species whose top-

down effect on species diversity and competition is largely relative to its biomass dominance 

within a functional group. This statement links the community importance of keystone species to 

a specific ecosystem process within functional groups at lower trophic levels that are structured 

by competition for a limited resource‖. The presence or absence of a keystone species 

determines the integrity of a community and its stability through time, and influences the 

abundance and distribution of other species (Soulé et al., 2005). Buchanan (2002) describes 

keystone species as ‗ecological control centres‘ that should be viewed as important targets for 

preservation. 

Brundin and Karlsson (1999) attribituted the noticeable decline in numbers of B. albitrunca 

during the closing years of last century to overutilization coupled with populations of this tree not 
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being managed sustainably. The low densities of this species in rangelands were considered by 

these authors to be due primarily to the effects of high stocking rates of livestock and game. 

A potential threat to the population health of B. albitrunca was identified during the dry seasons 

of 2012-2014 in the Mopane-Sand River Valley area of the Limpopo Province when it was 

observed that large numbers of B. albitrunca individuals were subjected to bark-stripping by 

free-ranging donkeys (Equus asinus africanus) that were kept in fenced-in areas or on 

communal rangelands. The highest frequency of bark-stripping seemed to occur in 2013 with 

the severity of damage ranging from a few bite-marks per tree to total ‗ring-barking‘ from ground 

level up to the highest point that could be reached by donkeys that peeled the bark off with their 

teeth (K. Marais, personal observation). 

Aganga et al. (2000) observed the same activity in the Central District of Botswana during a dry 

season. After conducting a study on the nutrient contents of the tree barks that were peeled and 

consumed by donkeys, these researchers reported that tree bark from Boscia species was 

among those most preferred by donkeys. Earlier research reported that elephants and, during 

periods of drought, goats, donkeys and horses fed on the bark of B. albitrunca (Roodt, 1998). 

This bark is also, according to Venter and Venter (1996), sometimes eaten by animals as an 

anthelmintic. 

Free-ranging horses (Equus caballus), kept in large fenced-in areas on game farms in the 

Mopane-Sand River area in the Limpopo Province, were observed to exhibit the same feeding 

behaviour as donkeys with regard to B. albitrunca bark-stripping for consumption purposes, 

although on a lesser scale.  

Bark-stripping by donkeys and horses was reported for the baobab tree (Adansonia digitata) 

during shortages of fodder in the arid regions of West Africa (Arbonnier, 2004). Moore (2013) 

suggested that horses habitually ring-bark large trees in their paddocks to meet apparent 

nutrient deficiencies. A comparative study on nutrient extraction from forages by grazing 

ruminants (bovids) and hind-gut-fermenters (equids) found that equids have higher rates of food 

intake  in terms of frequency rather than overall quantity (Jones, 2010)  which effectively 

compensates for their lesser ability to digest plant material (Duncan et al., 1990). Equids are 

thus capable of extracting more nutrients per day than bovids, not only from low quality foods, 

but from the whole range of forages eaten by animals of this size.  

The present study was initiated by concerns over the impact of bark-stripping by equid species, 

in particular by donkeys, on the population structure of B. albitrunca. However, the study region 

selected for this research comprises a significant number of game farms and, not including 

conservation areas and nature reserves, covers an area of almost 44 000 hectares (Kayamandi 

Development Services, 2007). The widespread distribution of B. albitrunca in this area exposes 

numerous individuals of the species to the possibility of bark-stripping by yet another equid: 
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Burchell‘s Zebra (Equus quagga burchelli). According to Ben-Shahar (1991) zebra are 

generalist feeders which show a limited amount of preference in their dietary choices. This 

animal is primarily characterized as a roughage grazer and is grouped with the bulk feeder 

grazing guild (Boshoff et al., 2002). Members of this guild, which also includes the domesticated 

donkey, Equus asinus africanus, are known to eat coarse vegetation such as shrubs, herbs, as 

well as twigs, leaves and bark from trees (Estes, 2012, as cited by the San Diego Zoo Global 

Library, 2015), and may even be seen digging for roots (Rubenstein, 2001).  Very little is known, 

however, about the specific feeding behaviour of zebras with regard to B. albitrunca trees.  

An overview of both relevant and current literature indicates that anatomical, chemical and 

physiological changes in trees occurring in response to stem damage has been widely studied 

(Cunningham & Mbenkum, 1993; Aganga & Adogla-Bessa, 1999; Cunningham, 2001; Grace, 

2002; Li et al., 2003; Botha et al., 2004; Kuiters et al., 2006; Romero, 2006; Gaoue & Ticktin, 

2007; Delvaux et al., 2009; Ihwagi et al., 2010; Romero, 2012; Ngubeni, 2015; Erkan et al., 

2016; Nichols et al., 2016; Fajstavr et al., 2017). However, there is some paucity of information 

on the impacts of bark-stripping by animal species on keystone tree species as such. No 

quantitative studies have yet been conducted to assess the extent, nature and impact of bark-

stripping by donkeys or other equid species on the persistence of B. albitrunca populations. 

The wide variety of land management regimes practiced in the Mopane-Sand River Valley area 

permitted separate investigations on the impact of bark-stripping on B. albitrunca population 

structures by three different equid species: donkeys, horses and zebras. The changes in woody 

plant population structure that frequently occur before shifts in species composition or species 

loss are considered to be a useful indicator of disturbance and management impact (Harper, 

1977), while changes in size class profiles can indicate situations of declining recruitment 

(Walker et al., 1986). Size, furthermore, could be of greater significance than age in determining 

the community structure and survival or mortality of plants (Harper, 19777). According to Harper 

(1977), the characterization of size-class distributions is a useful mechanism for projecting 

population trends and, to a lesser extent, determining past trends. 

A comparison of size class distributions, and hence population structures, of B. albitrunca 

populations occurring in five different land-use types comprising areas exclusively stocked with 

either local game or with local game along with one of the three equid species  could provide 

some insight into the status of these tree populations (Alias & Milton, 2003).   

This would furthermore address one of the research gaps identified by Alias and Milton (2003) 

in their collation and overview of research information on B. albitrunca, aimed to inform 

protection of the species. Alias and Milton (2003) recommended that the size-class comparison 

method should be applied to ascertain the status of B. albitrunca populations along browsing or 

harvesting gradients which should also provide an indication of size-specific mortality.  
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1.2 Aims and objectives  

 

1.2.1 Primary aim: 

The primary aim of this study was to critically assess the effects of bark-stripping on B. 

albitrunca populations by three different equid species in the Mopane-Sand River area of the 

Limpopo Province. 

 

1.2.2 Secondary aim 1: Population structure and stability 

To evaluate the population structure and stability of Boscia albitrunca across different 

combinations and intensities of equid foraging as expressed in terms of land-use types.  

Objectives for secondary aim 1 (Results presented in Chapter 5):  

1. To present an overview of the Boscia albitrunca population across the land-use types in 

terms of tree population densities, size-class distributions, proportions of single- to multi-

trunked trees and population trends. 

2. To test how each measure of population structure (i.e. tree height, diameter and lowest 

reachable foliage) was affected by equid foraging type and intensity.  

 

1.2.3 Secondary aim 2: Effects of equid damage 

To assess damage to B. albitrunca individuals, and to relate damage intensities with land-use 

and size class of trees. 

Objectives for secondary aim 2 (Results presented in Chapter 6):  

1. To assess three different measures of damage on each size class across the land-use 

types. 

2. To identify the B. albitrunca size classes with the highest vulnerability to herbivore use (i.e. 

land-use type). 

 

1.3 Hypotheses  

1. The population structure and condition of B. albitrunca populations vary significantly 

across land-use types. 

2. Populations of B. albitrunca in areas exposed to donkey browsing are unstable and 

characterised by severely damaged individuals.  

 

1.4 Dissertation layout  

Brief outlines of the different chapters and the reference section are provided below. 

 



5 
 

Chapter 1: Introduction 

Chapter 1 serves as an introduction to the research topic and establishes the rationale, aims 

and objectives of the dissertation.  

 

Chapter 2: Literature review  

This chapter provides a review of relevant literature pertaining to the research topic in terms of 

the ecological and economical importance of and threats to B. albitrunca. It considers reasons 

for bark-stripping and the impact of bark-stripping on tree health.  

 

Chapter 3: Study area and studied species 

Chapter 3 serves to describe the study area in terms of locality, climate, geology, soil, 

topography, and vegetation, as well as B. albitrunca as the studied species. 

  

Chapter 4: Materials and methods  

The experimental design as well as the sampling and analytical approaches is described in this 

chapter: 

1. Experimental design 

2. Data management 

3. Data analyses  

 

Results and discussion chapters: 

 

Chapter 5: Population structure and stability of Boscia albitrunca  

This chapter serves as an overview and discussion of the population structure and population 

stability of the sampled B. albitrunca trees across five different land-use types.  

  

Chapter 6: Equid damage effects on Boscia albitrunca 

This chapter presents the results obtained from the evaluation of the effects of equid damage 

on tree condition in B. albitrunca populations. 

 

Chapter 7: Summary and general recommendations 

The overall findings of this research topic are brought together in Chapter 7 and linked to the 

hypotheses. Areas for further research are identified and some management recommendations 

are made.  

 

References: 

All literature used in this dissertation is listed in this section.  
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CHAPTER 2 

Literature review  

2.1. Utilization pressure on plant populations 

 

2.1.1. Herbivory  

Ecosystems dominated by herbivores are known to have unique features in terms of processes 

(Cornelissen, 2017), trophic structure, species composition (Romero, 2006) and spatial 

heterogeneity (Olff et al., 2002). Large herbivores are the major drivers of transformations in 

numerous plant and animal species in that they alter nutrient cycles, vegetation composition 

and structure, soil properties, as well as net primary production (Gordon, 2006) through the 

regulation of resource availability to other species (Louda et al., 1990). Fire regimes may also 

be changed (Gordon, 2006). The decline in abundance of woody vegetation subsequent to the 

influx, confinement and natural increase in herbivore numbers in the Murchison Falls Park in 

north-western Uganda in 1952 serves as a classic example of the ability of herbivores to bring 

about significant changes. Buechner and Dawkins (1961 as cited by Lamprey et al., 1980) 

described these changes as follows: ―Large trees are killed by fire damage to tissues exposed 

by the action of the animals in gouging, peeling and ripping the bark while foraging and rubbing 

on the boles of the trees".  

Although the effects of herbivory depend on factors such as refuges and differential recruitment 

(Louda et al.,1990), a herbivore‘s foraging behaviour is thought to be derived from the 

interaction between characteristics of the herbivore itself and characteristics of the plants on 

which it feeds (Searle & Shipley, 2005).  

Preferential consumption by large herbivores can change the ability of a plant to acquire limited 

resources by altering key morphological traits. Reductions in fecundity, accelerated maturity, 

stimulated compensatory regrowth (Dublin et al., 1990; Botha et al., 2004) and increased 

mortality (Gaoue et al., 2013) that occur due to selective herbivory translate into impacts on the 

abundance, distribution (Maron & Crone, 2006) or dynamics (Louda et al., 1990) of individual 

populations of palatable species. The species composition is generally shifted from the 

domination of palatable vegetation to the dominance of browsing-tolerant and chemically-

defended species (Bakker et al., 2016). 

2.1.2.  Anthropogenic activities 

The potential of herbivory to act as a selective force is mimicked by the impact of the 

anthropogenic disturbance of recurrent harvesting of non-timber forest products from wild 

populations, wherein removable products are harvested from selected individual plants that are 
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left standing. Utilization pressures in terms of land use conversion and degradation and the 

over-use of Boscia albitrunca are briefly discussed under sections 2.2.4.1. and 2.2.4.2. below. 

2.2  Ecological and economic importance of Boscia albitrunca  

The detailed ecological- and economical uses of B. albitrunca are presented in Table 2.1. 

2.2.1 Qualities of browse vegetation 

The importance of browse to herbivores escalates with increasing environmental aridity (Atta-

Krah, 1989) and  when compared to dry grass  the nutrients obtainable in browse (Mkhize et 

al., 2018) are found to be usually above game and livestock‘s maintenance dietary 

requirements (Marius & Rothauge, 2011). It is furthermore amplified by the browse-preference 

of different livestock species (Samuels et al., 2015) that rely on browse species to balance their 

dietary requirements during dry seasons (Dambe et al., 2015) when forage supplies are often 

limited and periods of supplementary feeding fluctuate (Sanon, 2007).  

2.2.2. The role of Boscia albitrunca as a browse species 

Among approximately 200 main browse species occurring in tropical Africa, the Botanical 

Family Capparaceae possesses several important browse species, with Boscia considered to 

be one of the most significant genera in this family (Lamprey et al. 1980, as cited by Le 

Houérou, 1987). The Capparaceae meaningfully contributes to the survival of game and 

livestock, and thus to the protein supply of humankind.  Members of the family yield an average 

of 25% more crude protein than legumes (Le Houérou, 1980), and are directly accessible to 

livestock and game during xeric conditions (Dambe et al., 2015). This, according to Le Houérou 

(1987), generally results in the over-utilisation of most species in this family.  

Boscia albitrunca is thus considered to be a browse preference species for game and livestock 

(Marais & Wittneben, 1997). The mature leaves and twigs of B. albitrunca are high in vitamin A 

(Coates Palgrave, 1977) with little variation occurring in protein and phosphorous levels across 

the seasons (Bonsma, 1942). A study of the vertical zonation of browse quality in tree canopies, 

conducted by Woolnough and du Toit (2001), found that there were no condensed tannins 

present in B. albitrunca leaves, and no differences in the nutritional value of browse at different 

heights on a tree.  

Walker (1980) is of opinion that the chemical composition and nutrient value of browse is 

determined by vegetation types and is not similar within species, as the variation within a 

species between different areas can be far greater than between different species within one 

community. The different chemical composition and nutrient values obtained by various 

researchers for different edible parts of B. albitrunca, presented in Table 2.2, supports Walker‘s 

viewpoint. Sarson and Salmon (1976 as cited by Le Houérou, 1980) postulate that, since 
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browsing is competition-based, browsing intensity of a given species may differ across plant 

communities. 

2.2.3. Important characteristics of Boscia albitrunca 

Boscia albitrunca provides thermally buffered microhabitats to numerous bird and mammal 

species as well as invertebrate fauna from a variety of guilds (Alias & Milton, 2003). These 

―thermal refugia‖, in which daytime temperatures have been recorded to be up to 21oC cooler 

than that of ambient temperatures, are thought to mediate the impact of climate change on 

animals (Martin et al., 2015) and are vital to biodiversity patterns (Alias & Milton, 2003). Water 

consumption and energy spent on temperature regulation by animals is effectively reduced by 

time spent in these refugia (Le Houérou, 1980). 

The nutritious foliage suggests that this species plays an important role in nutrient recycling 

(Alias & Milton, 2003) as, apart from obtaining nutrients from ground water, it most likely 

acquires nutritive substances from the concentration of nutrients beneath its canopy which are 

attributable to animal activities (Dean et al., 1998). B. albitrunca trees are frequently defoliated 

by insect herbivores such as the larvae of the Brown-veined White butterfly (Belenois aurota), a 

species thought to play an important role in the pollination of these trees (Terblanche, 2015). 

Research by Rincon (2009) in Botswana indicated that the presence of B. albitrunca trees in dry 

areas invariably defines areas of high water extraction and significantly influences the amount of 

transpiration flux in the area that it occurs in. It was furthermore found that, when compared to 

different species of trees occurring in Botswana, B. albitrunca showed considerable amounts of 

normal sap flow during periods of water deficits (Nanyonjo, 2003). Hydraulic redistribution is an 

ecologically important process that provides the necessary conditions for the species‘ own 

development (Hikosaka et al., 2015). Hydraulic redistribution furthermore acts as a facilitation 

mechanism for understory vegetation survival, especially in water-limited biomes (Meinzer et al., 

2004) by allowing adjacent plants to access hydraulically redistributed water through either root 

uptake or via the soil mycorrhizal network (Warren et al., 2008). Hydraulic redistribution in B. 

albitrunca has been documented by Rincon (2004). This author suggests that, as sun-induced 

photosynthesis and vapour pressure deficits are amongst the most important driving 

mechanisms of transpiration, a decrease in solar radiation leads to an increase in the inactivity 

of these mechanisms and results in the downward flow of non-transpired water to the 

uppermost and driest soil layers in the vicinity of the shallow lateral roots. It has been suggested 

that the reverse flow of water may reduce the rates of soil drying and impede the onset of 

drought-induced embolism, hydraulic dysfunction and the eventual death of shallow roots 

(Hikosaka et al., 2015). The importance of hydraulic redistribution is increasing with reduced 

global precipitation rates (Howard et al., 2009 as cited by Domec et al., 2012). 
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The extensive investment of B. albitrunca in establishing and maintaining, prior to above-ground 

growth, a deep taproot system (Canadell et al., 1996) in conjunction with thick shallow lateral 

roots (Van Wyk, 1984), permits this species to utilize available soil moisture as well as deep 

groundwater reserves (Rincon, 2004) and is thus able to survive droughts and fires (Menaut, 

1983). 

2.2.4. Vulnerabilities of Boscia albitrunca due to threats other than bark-stripping 

2.2.4.1. Land use conversion and degradation 

Anthropogenic conversions of natural environments and recurrent herbivory are considered to 

be major ecological disturbances that affect all levels of biological organization and span broad 

spatial and temporal ranges (Paine, 2012). Scholes and Biggs (2005) are of opinion that the 

main cause of biodiversity loss in the arid shrublands and savannas of southern Africa is land 

degradation, de※ned here as: ―land uses that do not alter the cover type but lead to a persistent 

loss in ecosystem productivity‖. An increase in the frequency of land degradation often results in 

conditions that lead to the formation of alternative community states (Paine, 2012). Traditional 

uses of fodder trees and shrubs often result in resource destruction due either to a lack of 

knowledge regarding the limits of plant tolerance to regulated use, or to over-population of 

livestock and people that results in excessive exploitation (Neumann & Hirsch, 2000).  

Non-dormant-, endozoochorous seeds with a short life-expectancy (Briers, 1988) such as are 

produced by B. albitrunca, require suitable sites for germination and establishment (Van der 

Walt & Le Riche, 1999). Many authors are of opinion that the browsing, grazing and trampling of 

the herbaceous ground layer by large herbivores has a positive effect on the establishment of 

seeds by creating germination gaps and effectively reducing competition of light with vigorous 

forb and grass species (Crawley, 1997; Kuiters et al., 2006)  However, Alias and Milton (2003) 

postulate that trampling by large herbivores, especially in over-stocked areas, results in the 

compaction of soil in the unoccupied spaces and that this has a deleterious impact on the 

recruitment and establishment of B. albitrunca.  An increase in grazing pressure could 

furthermore result in a decrease in the accumulation of litter, bringing about a decrease in 

seedling recruitment (Rotundo & Aguiar, 2005).   

The browsing of seedlings and saplings may have a severe impact on tree regeneration by 

retarding sapling growth or by separating out browsing-sensitive species (Kuiters et al., 2006). 

This impact is exacerbated when found in conjunction with fire and irregularities in rainfall (Piot, 

1980).  

2.2.4.2. Over-use of Boscia albitrunca 

Farmers frequently cut down B. albitrunca branches to feed their livestock and, by partially 

cutting through the trunk, bend the stem down to bring the leaves within reach of grazing 
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animals (Coates Palgrave, 1977). Coppicing, which might subsequently become vulnerable to 

herbivory, is elicited from the basal parts after crown damage and results in the transformation 

of specimens into flat, multi-stemmed shrubs (Van der Walt & Le Riche, 1999).  

2.2.4.3. Climate variability 

Reduced global precipitation rates and projected increases in surface air temperature, brought 

about by climate change, are expected potentially to impede hydraulic redistribution (Domec et 

al., 2012) and thus make this permanently-transpiring evergreen species, such as B. albitrunca, 

(Obakeng, 2007) vulnerable to dehydration (Wand et al. 1999). 



11 
 

 

 
 

T
a
b

le
 2

.1
. 
E

c
o

lo
g

ic
a
l 

- 
 a

n
d

 e
c
o

n
o

m
ic

a
l 

u
s
e
s
 o

f 
B

o
s
c
ia

 a
lb

it
ru

n
c
a

 

  

P
ro

vi
si

o
n

 o
f 

sh
a

d
e

 

an
d

 s
h

e
lt

e
r 

R
e

se
ar

ch
 c

o
n

d
u

ct
e

d
 in

 t
h

e
 K

al
ah

ar
i f

o
u

n
d

 t
h

at
 li

o
n

s 
(P

a
n

th
er

a
 le

o
) 

an
d

 le
o

p
ar

d
s 

(P
a

n
th

er
a

 p
a

rd
u

s)
 u

ti
liz

e
d

 t
h

e
 s

h
a

d
e

 t
o

 a
vo

id
 t

e
m

p
e

ra
tu

re
 e

xt
re

m
e

s 
a

n
d

 u
se

d
 t

h
e

 d
e

n
se

 c
o

ve
r 

as
 h

id
in

g 
p

la
ce

s.
 L

io
n

e
ss

e
s 

w
e

re
 o

b
se

rv
e

d
 t

o
 u

se
 t

h
e

 

tr
e

e
 c

o
ve

r 
as

 a
 s

af
e

 p
la

ce
 f

o
r 

gi
vi

n
g 

b
ir

th
 a

n
d

 h
id

in
g 

th
e

 c
u

b
s 

w
h

e
n

 o
u

t 
h

u
n

ti
n

g,
 w

h
ile

 le
o

p
a

rd
s 

w
e

re
 o

b
se

rv
e

d
 t

o
 h

id
e

 t
h

e
ir

 p
re

y 
fr

o
m

 s
ca

ve
n

ge
rs

 u
n

d
e

r 
o

r 
n

e
ar

 t
o

 B
. a

lb
it

ru
n

ca
 t

re
e

s 
(B

o
th

m
a 

1
9

8
2

, E
lo

ff
 1

9
7

9
 a

s 
ci

te
d

 b
y 

A
lia

s 
&

 

M
ilt

o
n

, 2
0

0
3

).
 T

h
e

 p
ro

vi
si

o
n

 o
f 

th
e

rm
al

ly
 b

u
ff

e
re

d
 m

ic
ro

h
ab

it
at

s 
is

 u
ti

lis
e

d
 b

y 
n

u
m

e
ro

u
s 

b
ir

d
 a

n
d

 m
am

m
al

 s
p

e
ci

e
s 

as
 w

e
ll 

as
 i

n
ve

rt
e

b
ra

te
 f

au
n

a
 f

ro
m

 a
 v

ar
ie

ty
 o

f 
gu

ild
s,

 s
u

ch
 a

s 
th

e
 s

a
n

d
 t

am
p

an
 (

O
rn

it
h

o
d

o
ru

s 
sa

vi
g

n
yi

) 

B
ra

n
ch

e
s 

o
f 

th
e

 

cr
o

w
n

 p
ro

vi
d

e
 

m
e

ch
an

ic
a

l 

su
p

p
o

rt
 t

o
 b

ir
d

 

n
e

st
s 

Su
p

p
o

rt
 is

 p
ro

vi
d

e
d

 t
o

 c
o

m
m

u
n

al
 n

e
st

s 
o

f 
th

e
 S

o
ci

ab
le

 W
e

av
e

r 
(P

h
ile

ta
ir

u
s 

so
ci

u
s)

 (
M

e
n

d
e

ls
o

h
n

 &
 A

n
d

e
rs

o
n

, 1
9

9
7

).
Sh

e
lt

e
r 

an
d

 f
o

o
d

 is
 p

ro
vi

d
e

d
 t

o
 s

p
e

ci
e

s 
th

a
t 

ar
e

 c
lo

se
ly

 a
ss

o
ci

at
e

d
 w

it
h

 t
h

e
se

 w
e

av
e

r 
n

e
st

s,
 s

u
ch

 a
s 

H
o

n
e

y 

B
ad

ge
rs

 (
M

e
lli

vo
ra

 c
a

p
en

si
s)

 w
h

ic
h

 p
re

y 
o

n
 e

gg
s,

 y
o

u
n

g 
a

n
d

 a
d

u
lt

 b
ir

d
s,

 P
yg

m
y 

Fa
lc

o
n

s 
(P

o
lih

ie
ra

x 
se

m
it

o
rq

u
a

tu
s)

, B
ar

n
 O

w
ls

 (
Ty

to
 a

lb
a

),
 G

ia
n

t 
Ea

gl
e

 O
w

ls
 (

B
u

b
o

 la
ct

eu
s)

 a
n

d
 R

e
d

h
e

ad
e

d
 F

in
ch

 (
A

m
a

d
in

a
 e

ry
th

ro
ce

p
h

a
la

) 
th

at
 b

re
e

d
 

in
 o

r 
o

n
 t

o
p

 o
f 

th
e

ir
 n

e
st

s 
(M

ac
le

a
n

,1
9

9
3

 c
it

e
d

 b
y 

D
e

an
 e

t 
a

l.,
 1

9
9

8
) 

an
d

 v
ar

io
u

s 
sn

ak
e

 s
p

e
ci

e
s,

 in
 p

ar
ti

cu
la

r 
N

a
ja

 s
p

e
ci

e
s 

(D
e

an
 e

t 
a

l.,
 1

9
9

8
).

 

 
Tw

ig
s 

ar
e

 m
ill

e
d

 

an
d

 m
ix

e
d

 w
it

h
 

p
h

o
sp

h
at

e
 li

ck
s 

 

U
ti

liz
e

d
 a

s 
su

p
p

le
m

e
n

ta
ry

 f
e

e
d

 is
 p

ro
vi

d
e

d
, e

xc
e

p
t 

fo
r 

h
o

rs
e

s 
a

n
d

 d
o

n
ke

ys
 in

 N
am

ib
ia

 (
Zi

m
m

e
rm

an
, 2

0
0

9
).

 

LE
A

V
ES

 
La

rv
al

 f
o

o
d

 p
la

n
t 

La
rv

al
 f

o
o

d
 p

la
n

t 
fo

r 
b

u
tt

e
rf

lie
s 

(P
ie

ri
d

ae
 f

am
ily

) 
(V

an
 W

yk
 &

 v
a

n
 W

yk
, 1

9
9

7
 c

it
e

d
 b

y 
El

lis
, 2

0
0

5
).

 E
xa

m
p

le
s 

ar
e

 t
h

e
 Q

u
e

e
n

 p
u

rp
le

-t
ip

 (
C

o
lo

ti
s 

re
gi

n
a)

, B
ro

w
n

-v
e

in
e

d
 W

h
it

e
 b

u
tt

e
rf

ly
 (

B
e

le
n

o
is

 a
u

ro
ta

),
 A

fr
ic

an
 c

o
m

m
o

n
 w

h
it

e
 (

B
el

en
o

is
 

cr
eo

n
a

 s
ev

er
in

a
),

 O
ra

n
ge

 t
ip

 (
C

o
lo

ti
s 

ev
en

in
a

 e
ve

n
in

a
) 

an
d

 R
e

d
 t

ip
 (

C
o

lo
ti

s 
a

n
te

vi
p

p
e 

g
a

vi
sa

) 
(E

lli
s,

 2
0

0
3

; 
Te

rb
la

n
ch

e
, 2

0
1

5
).

 E
at

e
n

 b
y 

N
am

ib
ia

n
 t

re
e

 lo
cu

st
 (

A
n

a
cr

id
iu

m
 m

o
es

tu
m

) 
(M

ar
ai

s 
&

 W
it

tn
e

b
e

n
, 1

9
9

7
).

  

B
ro

w
se

 
B

ro
w

se
 t

re
e

 f
o

r 
ga

m
e

 a
n

d
 li

ve
st

o
ck

 (
B

ru
n

d
in

 &
 K

ar
ls

so
n

 ,1
9

9
9

 a
s 

ci
te

d
 b

y 
A

lia
s 

&
 M

ilt
o

n
, 2

0
0

3
; 

Zi
m

m
e

rm
an

, 2
0

0
9

) 
su

ch
 a

s 
e

le
p

h
an

ts
 (

Lo
xo

d
o

n
ta

 A
fr

ic
a

n
a

) 
(E

lli
s,

 2
0

0
5

).
 G

ir
af

fe
 f

av
o

u
r 

th
is

 t
re

e
 a

n
d

 t
h

e
ir

 b
ro

w
si

n
g 

ca
n

 c
au

se
 s

tu
n

te
d

 

cr
o

w
n

s 
(V

a
n

 d
e

r 
W

al
t 

&
 le

 R
ic

h
e

, 1
9

9
9

 a
s 

ci
te

d
 b

y 
A

lia
s 

&
 M

ilt
o

n
,2

0
0

3
) 

M
e

d
ic

in
al

 
A

 c
o

ld
 in

fu
si

o
n

 o
f 

le
av

e
s 

ca
n

 b
e

 u
se

d
 t

o
 t

re
at

 in
fl

a
m

e
d

 c
at

tl
e

 e
ye

s 
(C

o
at

e
s 

P
a

lg
ra

ve
,1

9
7

7
) 

a
n

d
 li

ve
r 

a
n

d
 lu

n
g 

in
fe

ct
io

n
s 

(V
an

 D
am

m
e

 e
t 

a
l.,

 1
9

9
2

).
 

FL
O

W
ER

S:
 

Fo
o

d
: a

n
im

al
 

co
n

su
m

p
ti

o
n

 

Ea
te

n
 b

y 
se

ve
ra

l g
am

e
 s

p
e

ci
e

s 
(B

o
th

m
a,

 1
9

8
2

) 
an

d
 a

tt
ra

ct
s 

m
an

y 
sp

e
ci

e
s 

o
f 

in
se

ct
s 

(P
o

o
le

y,
 1

9
9

3
, c

it
e

d
 b

y 
E

lll
is

, 2
0

0
5

) 

Fo
o

d
: 

h
u

m
an

 

co
n

su
m

p
ti

o
n

 

P
ic

kl
e

d
 f

lo
w

e
r 

b
u

d
s 

ca
n

 b
e

 u
se

d
 in

 p
la

ce
 o

f 
ca

p
e

rs
 (

C
o

at
e

s 
P

al
gr

av
e

, 1
9

7
7

) 

FR
U

IT
: 

Fo
o

d
: a

n
im

al
 

co
n

su
m

p
ti

o
n

 

Ea
te

n
 b

y 
e

le
p

h
an

ts
, b

ir
d

s 
an

d
 p

ri
m

at
e

s 
b

u
t 

m
ay

 a
ls

o
 b

e
 e

at
e

n
 a

n
d

 d
is

p
e

rs
e

d
 b

y 
b

a
t-

e
ar

e
d

 f
o

xe
s 

(O
to

cy
o

n
 m

eg
a

lo
ti

s)
 a

n
d

 ja
ck

al
s 

(C
a

n
is

 m
es

o
m

el
a

s)
 (

V
an

 d
e

r 
W

al
t 

&
 le

 R
ic

h
e

, 1
9

9
9

 a
s 

ci
te

d
 b

y 
A

lia
s 

&
 M

ilt
o

n
, 2

0
0

3
).

 

Fo
o

d
: 

h
u

m
an

 

co
n

su
m

p
ti

o
n

 

Th
e

 K
o

ra
n

a 
p

e
o

p
le

 e
at

 c
ru

sh
e

d
 g

re
e

n
 f

ru
it

s 
m

ix
e

d
 w

it
h

 m
ilk

 (
B

o
th

m
a,

 1
9

8
2

).
 M

ab
o

go
 (

1
9

9
0

) 
st

at
e

s 
th

at
 t

h
e

 f
ru

it
 is

 u
n

d
e

si
ra

b
le

 d
u

e
 t

o
 t

h
e

ir
 s

ic
kl

y-
sw

e
e

t 
ta

st
e

. 
 T

h
e

 s
e

e
d

s 
co

n
ta

in
 a

 s
u

lp
h

u
r-

o
il 

(R
o

o
d

t,
 1

9
9

8
 a

s 
ci

te
d

 b
y 

El
lis

,2
0

0
3

).
 

Fr
u

it
 is

 u
se

d
 f

o
r 

b
re

w
in

g 
b

e
e

r 
an

d
 m

ak
in

g 
yo

gh
u

rt
 (

V
an

 R
o

o
ye

n
, 2

0
0

1
, c

it
e

d
 b

y 
El

lis
, 2

0
0

5
).

 

M
e

d
ic

in
al

 
Th

e
 g

re
e

n
 f

ru
it

 c
an

 b
e

 u
se

d
 t

o
 t

re
at

 e
p

ile
p

sy
 (

C
h

e
ik

yo
u

ss
e

f 
et

 a
l.,

 2
0

1
1

; 
K

o
lo

ka
 &

 M
o

re
ki

, 2
0

1
1

; 
So

b
ie

ck
i, 

J.
 F

.  
2

0
0

6
; V

a
n

 d
e

r 
W

al
t 

&
 le

 R
ic

h
e

, 1
9

9
9

 a
s 

ci
te

d
 b

y 
A

lia
s 

&
 M

ilt
o

n
, 2

0
0

3
).

 

B
A

R
K

: 
Fo

o
d

: a
n

im
al

 

co
n

su
m

p
ti

o
n

 

R
e

d
 h

ar
te

b
e

e
st

 (
A

lc
el

a
p

h
u

s 
b

u
se

la
p

h
u

s 
ca

a
m

a
),

 p
o

rc
u

p
in

e
 (

H
ys

tr
ix

 a
fr

ic
a

ea
u

st
ra

lis
a

re
) 

a
n

d
 e

le
p

h
a

n
ts

 (
Lo

xo
d

o
n

ta
 A

fr
ic

a
n

a
) 

(A
lia

s 
&

 M
ilt

o
n

, 2
0

0
3

).
 D

o
n

ke
ys

, h
o

rs
e

s 
a

n
d

 g
o

a
ts

 f
e

e
d

 o
n

 t
h

e
 b

ar
k 

in
 t

im
e

s 
o

f 
d

ro
u

gh
t 

(R
o

o
d

t,
 1

9
9

8
 a

s 

ci
te

d
 b

y 
El

lis
, 2

0
0

5
) 

R
O

O
T

S:
 

Fo
o

d
: 

h
u

m
an

 

co
n

su
m

p
ti

o
n

 

Th
e

 r
o

o
t 

is
 a

 g
o

o
d

 s
o

u
rc

e
 o

f 
p

ro
te

in
, p

o
ta

ss
iu

m
, c

al
ci

u
m

 a
n

d
 m

ag
n

e
si

u
m

 (
V

an
 d

e
r 

W
al

t 
&

 le
 R

ic
h

e
, 1

9
9

9
 a

s 
ci

te
d

 b
y 

A
lia

s 
&

 M
ilt

o
n

, 2
0

0
3

).
 

B
. a

lb
it

ru
n

ca
 h

a
s 

b
e

e
n

 u
se

d
 a

s 
a 

so
u

rc
e

 o
f 

fo
o

d
 f

o
r 

h
u

m
an

 c
o

n
su

m
p

ti
o

n
 d

u
ri

n
g 

fa
m

in
e

 a
n

d
 d

ro
u

gh
ts

. T
h

e
 u

se
 o

f 
B

. a
lb

it
ru

n
ca

 a
s 

a 
so

u
rc

e
 o

f 
fi

re
w

o
o

d
 w

as
 t

ab
o

o
e

d
 b

y 
th

e
 V

h
a

ve
n

d
a 

as
, a

cc
o

rd
in

g 
to

 M
ab

o
go

 (
1

9
9

0
),

 t
h

e
 V

h
a

ve
n

d
a 

an
d

 n
e

ig
h

b
o

u
ri

n
g 

n
at

io
n

s 
d

e
p

e
n

d
e

d
 la

rg
e

ly
 o

n
 B

. a
lb

it
ru

n
ca

 f
o

r 
th

e
ir

 s
u

rv
iv

al
 d

u
ri

n
g 

d
ro

u
gh

t 
p

e
ri

o
d

s,
 in

 p
ar

ti
cu

la
r 

d
u

ri
n

g 
th

e
 f

am
in

e
 p

e
ri

o
d

 k
n

o
w

n
 a

s 
‘n

d
al

a 
ya

 m
it

h
o

b
i’ 

w
h

e
n

 t
h

e
 r

o
o

ts
 o

f 
th

is
 t

re
e

 w
e

re
 h

ar
ve

st
e

d
, g

ro
u

n
d

 in
to

 

p
o

w
d

e
r 

a
n

d
 u

se
d

 a
s 

p
o

rr
id

ge
. 

 

C
an

 a
ls

o
 b

e
 e

at
e

n
 r

aw
, c

o
o

ke
d

 in
 w

at
e

r 
to

 m
ak

e
 s

yr
u

p
 c

o
n

ce
n

tr
at

e
 (

V
an

 d
e

r 
W

al
t 

&
 le

 R
ic

h
e

, 1
9

9
9

 a
s 

re
fe

rr
e

d
 t

o
 b

y 
A

lia
s 

&
 M

ilt
o

n
, 2

0
0

3
) 

o
r 

d
ri

e
d

, g
ri

n
d

e
d

 a
n

d
 r

o
as

te
d

 t
o

 m
ak

e
 a

 c
o

ff
e

e
 s

u
b

st
it

u
te

 (
B

o
th

m
a,

1
9

8
2

 a
n

d
 V

an
 d

e
r 

W
a

lt
 &

 

le
 R

ic
h

e
, 1

9
9

9
 a

s 
ci

te
d

 b
y 

A
lia

s 
&

 M
ilt

o
n

,2
0

0
3

).
 T

h
e

 r
o

o
ts

 c
o

n
ta

in
 m

e
th

yl
 is

o
th

io
cy

an
at

e
 a

n
d

 lo
ca

l t
ri

b
e

s 
h

a
ve

 b
e

e
n

 k
n

o
w

n
 t

o
 u

se
 a

 p
o

w
d

e
re

d
 f

o
rm

 t
o

 p
re

se
rv

e
 b

u
tt

e
r 

fa
t 

(E
lli

s,
 2

0
0

5
).

 B
ill

e
’s

 s
tu

d
y 

o
n

 t
h

e
 p

ro
d

u
ct

io
n

 o
f 

tr
ad

it
io

n
a

l 

fe
rm

e
n

te
d

 b
u

tt
e

rm
ilk

 (
2

0
1

3
) 

re
ve

al
e

d
 t

h
at

 t
h

e
 r

o
o

ts
 h

a
d

 a
 lo

w
 p

H
 o

f 
4

.9
, e

xh
ib

it
e

d
 b

ac
te

ri
a

l i
n

h
ib

it
io

n
 p

ro
p

e
rt

ie
s 

a
n

d
 h

ad
 a

 h
ig

h
 c

o
n

te
n

t 
o

f 
so

lu
b

le
 c

ar
b

o
h

yd
ra

te
s 

(1
9

.4
%

).
 T

e
st

s 
ca

rr
ie

d
 o

u
t 

b
y 

th
e

 C
o

u
n

ci
l f

o
r 

Sc
ie

n
ti

fi
c 

a
n

d
 

In
d

u
st

ri
al

 R
e

se
ar

ch
 r

e
ve

al
e

d
 t

h
at

 m
ilk

 a
n

d
 b

u
tt

e
r 

w
e

re
 f

o
u

n
d

 t
o

 r
e

m
ai

n
 f

re
sh

 f
o

r 
2

4
 h

o
u

rs
 a

n
d

 1
9

 d
ay

s 
re

sp
e

ct
iv

e
ly

 w
h

e
n

 t
re

at
e

d
 w

it
h

 p
o

w
d

e
re

d
 r

o
o

ts
 a

t 
3

0
ºC

. P
o

w
d

e
re

d
 r

o
o

ts
 w

e
re

 f
u

rt
h

e
rm

o
re

 s
h

o
w

n
 t

o
 p

re
ve

n
t 

m
o

u
ld

 f
o

rm
in

g 

o
n

 c
it

ru
s 

fr
u

it
, t

o
m

at
o

e
s,

 b
re

ad
 a

n
d

 p
o

ta
to

e
s 

(A
lia

s 
&

 M
ilt

o
n

, 2
0

0
3

; 
B

ill
e

, 2
0

1
3

; 
B

o
th

m
a,

1
9

8
2

; 
El

lis
, 2

0
0

5
).

 

M
e

d
ic

in
al

 
A

 r
o

o
t-

e
xt

ra
ct

 c
an

 p
ro

vi
d

e
 t

re
at

m
e

n
t 

fo
r 

a
b

o
rt

io
n

 (
V

an
 d

e
r 

W
a

lt
 &

 le
 R

ic
h

e
, 1

9
9

9
, a

s 
ci

te
d

 b
y 

E
lli

s,
 2

0
0

5
),

 h
ae

m
o

rr
h

o
id

s 
(C

o
at

e
s 

P
a

lg
ra

ve
, 1

9
7

7
) 

a
n

d
 H

IV
/A

ID
S 

(S
e

m
e

n
ya

, 2
0

1
3

).
 

W
O

O
D

: 
 

Th
e

 w
o

o
d

 h
as

 n
o

 c
o

m
m

e
rc

ia
l v

al
u

e
 a

n
d

 is
 s

e
ld

o
m

 u
se

d
 o

r 
h

ar
ve

st
e

d
 a

s 
a 

fu
e

lw
o

o
d

 a
n

d
 b

u
ild

in
g 

m
at

e
ri

a
l (

A
lia

s 
&

 M
ilt

o
n

, 2
0

0
3

; P
al

m
e

r 
&

 P
it

m
an

 1
9

7
2

) 
b

u
t 

is
 o

cc
as

io
n

al
ly

 u
se

d
 f

o
r 

th
e

 m
an

u
fa

ct
u

ri
n

g 
o

f 
h

o
u

se
h

o
ld

 it
e

m
s 

su
ch

 a
s 

sp
o

o
n

s,
 d

is
h

e
s,

 t
ab

le
s 

an
d

 c
h

a
ir

s 
(A

lia
s 

&
 M

ilt
o

n
, 2

0
0

3
; P

a
lm

e
r 

&
 P

it
m

a
n

 1
9

7
2

).
 

EC
O

LO
G

IC
A

L 

SE
R

V
IC

ES
: 

 
C

ar
b

o
n

 s
e

q
u

e
st

ra
ti

o
n

, r
e

d
u

ci
n

g 
n

u
tr

ie
n

t 
le

ac
h

in
g,

 m
it

ig
at

in
g 

so
il 

e
ro

si
o

n
 a

n
d

 r
e

p
le

n
is

h
in

g 
o

rg
an

ic
 m

at
te

r 
(A

lia
s 

&
 M

ilt
o

n
, 2

0
0

3
).

 

C
U

LT
U

R
A

L 

IM
P

O
R

T
A

N
C

E:
 

 
B

. a
lb

it
ru

n
ca

 is
 c

o
n

si
d

e
re

d
 o

f 
gr

e
at

 c
u

lt
u

ra
l i

m
p

o
rt

an
ce

 a
n

d
 f

e
at

u
re

s 
in

 t
h

e
 f

o
lk

lo
re

 a
n

d
 s

u
p

e
rs

ti
ti

o
n

s 
o

f 
m

an
y 

A
fr

ic
an

 p
e

o
p

le
s 

(C
o

at
e

s 
P

al
gr

av
e

, 1
9

7
7

; 
B

o
th

m
a,

 1
9

8
2

).
 K

o
o

p
m

an
 (

2
0

1
1

) 
su

gg
e

st
s 

th
at

 t
h

e
 Z

u
lu

 “
Th

u
n

d
e

r 
Tr

e
e

” 

d
e

sc
ri

b
e

d
 in

 K
ri

ge
's

 S
o

ci
a

l S
ys

te
m

 o
f 

th
e

 Z
u

lu
s*

, b
e

lie
ve

d
 t

o
 p

ro
te

ct
 e

n
ti

ti
e

s 
a

ga
in

st
 li

gh
tn

in
g,

 is
 m

o
st

 li
ke

ly
 a

 B
. a

lb
it

ru
n

ca
 t

re
e

 a
n

d
 is

 t
h

e
re

fo
re

 n
e

ve
r 

cu
t 

d
o

w
n

. T
h

e
 b

u
rn

in
g 

o
f 

th
is

 s
p

e
ci

e
s’

 w
o

o
d

 is
 p

ro
h

ib
it

e
d

 in
 c

e
rt

a
in

 a
re

as
 a

s 
it

 is
 

b
e

lie
ve

d
 t

o
 r

e
su

lt
 in

 c
o

w
s 

o
n

ly
 p

ro
d

u
ci

n
g 

b
u

ll 
ca

lv
e

s.
 It

 is
 f

u
rt

h
e

rm
o

re
 b

e
lie

ve
d

 t
h

at
 if

 t
h

e
 f

ru
it

 o
f 

th
is

 s
p

e
ci

e
s 

w
it

h
e

rs
 b

e
fo

re
 t

h
e

 m
ill

e
t 

cr
o

p
 is

 r
ip

e
, t

h
e

 h
ar

ve
st

 w
ill

 f
ai

l (
C

o
at

e
s 

P
a

lg
ra

ve
, 1

9
7

7
).

 T
sw

an
a 

p
ar

am
o

u
n

t 
ch

ie
fs

 a
re

 

ap
p

la
u

d
e

d
 f

o
r 

th
e

ir
 d

e
e

d
s 

b
y 

tr
ib

e
sm

e
n

 f
ro

m
 a

to
p

 a
 B

. a
lb

it
ru

n
ca

 t
re

e
 (

va
n

 d
e

r 
W

al
t 

&
 le

 R
ic

h
e

 1
9

9
9

 a
s 

ci
te

d
 b

y 
A

lia
s 

&
 M

ilt
o

n
, 2

0
0

3
).

 

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_ 

*
 “

Th
e

 h
e

a
ve

n
-h

e
rd

 is
 a

b
le

 t
o

 p
ro

te
ct

 t
h

e
 h

u
ts

 in
 a

 v
ill

a
ge

 f
ro

m
 li

gh
tn

in
g 

…
 a

n
 im

p
o

rt
an

t 
in

gr
e

d
ie

n
t 

is
 t

h
e

 b
ar

k 
o

f 
th

e
 u

m
V

it
h

i t
re

e
, t

h
e

 t
h

u
n

d
e

r 
tr

e
e

 o
f 

th
e

 Z
u

lu
s 

…
 a

 s
in

gl
e

 s
te

m
 w

it
h

 la
rg

e
 u

m
b

re
lla

 s
h

a
p

e
d

 h
e

ad
, “

sw
it

ch
e

y”
 

b
ra

n
ch

e
s 

n
o

t 
u

n
lik

e
 a

 w
ill

o
w

” 

 

 

 



12 
 

Table 2.2. Chemical composition and nutrient values of B. albitrunca. 
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* B.albitrunca: Crude protein (leaves and twigs): 9.04% (lowest among 13 browse species); Crude protein disappearance of browse after 72 hours 
incubation in rumen: 27.32%; Total tannin content: 0.70%(third lowest among 13 browse species); Condensed tannin content: 0.4%(third lowest among 
13 browse species); Dry matter digestibility (DMD): 68.88%(second highest among 13 browse species).Tannin and crude protein degradation of mature 
leaves and twigs from 13 indigenous browsable trees and shrubs were evaluated (Aganga & Adogla-Bessa, 1999) 

 

**Dambe et al. (2015) evaluated the nutritive value of important indigenous livestock browse species occurring in the semi-arid mixed Mopane bushveld 
of Botswana during the dry season. The following nutrient composition results for old leaves of B. albitrunca were obtained: Dry matter: 98.50% (third 
highest among 8 species); Crude protein: 11.20% (third highest among 8 species) Crude fibre: 34.70% (second highest among 8 species); In-vitro 
digestibility: 58.90% (second lowest among 8 species); Calcium: 1.50% (third lowest among 8 species); Phosphorus: 0.04% (second lowest among 8 
species) and Magnesium: 0,83% 

 

2.3  Equid feeding   

The adaptation of the teeth of late Eocene Equidae to accommodate the intake of fibrous matter 

by a millstone type of grinding resulted in a pre-adaption to cope with conditions during the 

subsequent Oligocene by acquiring a tolerance for high-fibre content (Janis, 1976). Modern day 

equids are mainly grazers but, to enable them to persist in severe climates and terrains 

(Grange, 2006) they may become highly opportunistic browsers (Woodward & Ohmart, 1976), 

especially in dry seasons (Marius & Rothauge, 2011). 
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Horses (Harris, 1999), domesticated donkeys (Woodward & Ohmart, 1976) and Burchell‘s 

Zebra (Stears et al., 2016) are able to survive droughts by sustaining themselves on low protein 

diets that consist of fibrous materials such as coarse vegetation and tree bark (Stears et al., 

2016), which are similar to the maintenance diets of wild asses, onagers and Przewalski's horse 

(Arsenault & Owen-Smith, 2008). Donkeys are, however, able to digest high fibre diets better 

than horses while maintaining similar or higher intakes (Jerbi et al., 2014). Despite dental 

features similar to those of horses (i.e. similar anatomy and equal number of teeth (36-44)), 

donkeys are better adapted to alternate between grazing and browsing on high levels of hard 

silicates which subject their teeth to heavy attrition (Du Toit, 2008). Feral and free-roaming 

horses in Australia have been observed to feed selectively on over 50 different species of 

forage (Van den Berg et al., 2015) which includes the bark of eucalypt species (Ashton, 2005).  

The presence of Burchell‘s Zebra, E. quagga burchelli, in a wide range of habitats (Stears et al., 

2016), suggested to Hack et al. (2002) distinct adaptations to local conditions. The Jarman-Bell 

Principle, which states that an increase in ungulate body size is associated with an increase in 

dietary tolerance, is well illustrated by Burchell‘s Zebra whose daily intake requirements force 

them to accept more abundant food of lower quality, which they can tolerate better than smaller 

size classes in an ungulate guild (Woolnough & Du Toit, 2001). 

Although foraging strategies aim to maximise energy intake rate over short time scales 

(Stephens & Krebs, 1986) in order to minimize the risk posed by predation (Frair et al., 2005), 

equids spend approximately 15 hours per day on feeding, which also involves a fair amount of 

travel on the part of the animals (Budiansky, 1997). 

Bark-stripping by horses is a well-known phenomenon in Dutch nature reserves (Kuiters et al., 

2006) where, as part of the European ―Rewilding‖ conservation approach, horses and cattle 

have been introduced as substitutes for their extinct wild ancestors (i.e. wild horses and 

Aurochs), (Navarro & Pereira, 2012), although the impacts are yet to be determined (Van den 

Berg et al., 2015). The incidence and intensity of bark-stripping of European beech (Fagus 

sylvatica L.) by horses was surveyed by Kuiters et al. (2006). Susceptibility to bark-stripping was 

found to be strongly size dependent, with the highest damage rates occurring at the smaller 

diameter at breast height classes (≤ 40 cm). Smooth-barked trees were furthermore found to be 

significantly more damaged than individuals with a rough bark structure. Kuiters et al. (2006) 

suggested that physical characteristics of bark in terms of stripability, such as bark thickness 

and hardness, are more important than bark chemistry in determining horses‘ preference for 

beech, particularly in the small size-class ranges of the trees. 

A study by Marius and Rothauge (2011) on the diet selection of free-ranging horses in Namibia 

indicated that the bark of B. albitrunca was preferred over Senegalia mellifera. The higher 

forage preference value of 1.67 for B. albitrunca, compared to 0.15 for S. mellifera, could most 
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likely be attributed to B. albitruna bark having higher crude protein and crude fibre contents than 

S. mellifera. 

2.4.  Bark and its removal 

The stress of bark removal is considered to be more threatening to tree survival than the 

harvesting of flowers or fruits (Cunningham, 2001) as it either increases the mortality of the 

exploited plant species (Gill, 1992) or suppresses its growth to maturity (Nott & Stander, 1991; 

Du Toit, 1990). Effects of bark-stripping that are disproportionate to the biomass lost include the 

partial or total crown die-back of saplings and canopy trees (Mayle et al., 2009) and severe 

ecological disturbance (Kuiters et al., 2006). It is argued that these are brought about by 

increases in the mortality of forage tree species which provide an important component of 

vertical and horizontal spatial heterogeneity in habitat structure (Druce et al., 2008).  

2.4.1.  Functions of bark and underlying tissues 

Bark comprises all tissues located outside the vascular cambium of the root and stem (Romero, 

2006) that are principally involved in the conduction and storage of photosynthates in the 

secondary phloem (Delvaux et al., 2009) from sources or storage to sinks. Bark tissues are 

critical for tree growth and survival by providing protective covering of the stem and roots 

against mechanical injury and restricting pathogenic infections (Romero, 2006). Primary 

functions of bark include the insulation of the trunk against environmentally adverse conditions 

and protection against desiccation (Romero, 2006). Air-filled cells in the cambial zone enhance 

thermal insulation and prevent temperature fluctuations (Borger, 1973). Tree species with white 

bark are reported to avoid overheating of their surface by reflecting radiation. Fissured and 

scaly barked species shade inner parts of their bark, and some fissured barked species are 

furthermore reported to show high insulation across the bark (Volker, 1986). 

2.4.2. Nutritive content and palatability 

Numerous investigations into possible reasons for bark-stripping, such as dietary 

supplementation (Miquelle & Van Ballenberghe, 1989), medicinal purposes (Venter & Venter, 

1996), increased macronutrient intake (Nichols et al., 2016) and enhanced digestibility, have 

yielded inconclusive results (Gill, 1991; Van den Berg et al., 2015). Bark has furthermore been 

reported to have levels of starch, water and digestibility comparable with other food plants (Gill, 

1992).  

In any population of a given species of browse, degrees of palatability vary from one plant 

individual to the next, ranging from highly palatable to poorly palatable (Le Houérou, 1980). 

Although the palatability of a given taxon is considered to be inversely related to its relative 

abundance on the range and the botanical composition of the available forage (Crawley, 1983), 

low palatability is of no consequence when alternative feed sources are absent (Owen-Smith, 
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1982). Searle and Shipley (2005) maintain that there is a general tendency for the most 

palatable species to be selected wherever they occur. Walker (1980), when comparing the more 

important browse species in southern Africa, rates B. albitrunca equivalent to Colophospermum 

mopane in terms of the palatability of the leaves and twigs, since these parts of trees provide by 

far the bulk of the food consumed by herbivores. 

Aganga et al. (2000) analysed the bark of 18 tree species that were browsed by donkeys in 

Botswana in terms of nutritional composition (detailed results are presented in Table 2.2). It was 

found that B. albitrunca trees had, when compared to the other browse species, a low 

percentage of tannin and the highest percentage of dry matter and crude protein. Crude protein 

is recognised as an essential nutrient that, by enhancing the digestibility of low-quality forages, 

results in increased intakes of total dry matter by animal species (Atta-Krah, 1989). The high dry 

matter contents imply that browsers may require more water to aid proper digestion. In terms of 

the major mineral compositions of the analysed tree barks, B. albitrunca was found to have low 

(<0.5%) percentages of phosphorus; potassium and magnesium, and an even lower percentage 

of sodium (0,001%) - the latter a macronutrient that is often found to be deficient in horses 

(Kuiters et al., 2006) and that, as it is lost in perspiration, needs to frequently be replaced by 

working animals.  

2.4.3. Stem wood of Boscia albitrunca 

Boscia albitrunca does not produce typical heartwood (Figure 2-1) (Van der Walt & Le Riche, 

1999). No difference in colour between the sapwood and heartwood can be detected by means 

of direct observations (Mmolotsi & Kejekgabo, 2013). The wide sapwood area is thought to 

facilitate hydraulic redistribution (Rincon, 2004). 

 

  

 

Source: Diana Chavarro-Rincon 
 

Figure 2-1. Left: The indiscriminate staining that can be observed in the Eosin-B solution stained stem 
disc fails to give a clear indication of the sapwood-heartwood frontier and shows that B. albitrunca has no 
well-defined heartwood. Centre: X-ray computed tomography image of an Eosin-B solution stained disc. 
The grey scale in the CT images represents the Hounsfield units (HU) that are proportional to tissue 
density. Earlywood-latewood differences in density within the growing rings are represented by the 
alternate bright and dark pattern inside the sapwood  
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2.4.4.  Bark-stripping 

Bark-stripping refers to the process by which herbivores use their teeth to tear and bite pieces 

of reachable bark from a tree‘s trunk for consumption (Reimoser et al., 1999). Based on which 

tissues are affected, the extent of bark damage can be evaluated (Romero, 2006), severe bark 

damage constituting the removal of approximately 10 % of the trunk bark below head height 

(Cunningham & Mbenkum, 1993). The accessibility of a tree and the extent of the impact of 

bark damage are determined by plant height, the reach of the herbivore assemblage (Du Toit, 

1990) and physical barriers (Bakker et al., 2016). 

Various researchers suggest that a mechanistic property of bark affects its stripability (Gill, 

1992; Kuiters et al., 2006; Van Lerberghe, 2015). It is suggested that a rise in sap transport, 

increased carbohydrate production (Gill, 1992; Van Lerberghe, 2015), higher radial growth and 

water content in the summer may weaken the cohesion between the bark and the underlying 

cambium.  A herbivore is then able to grasp the easily detachable bark and, by pinching it, tear 

off long, upwardly-tapering strips that usually end in a point or at the emergence of a lateral 

branch, often leaving loose strands (Prinoble Guide, 2014) and no visible tooth marks (Van 

Lerberghe, 2015). During winter months, however, the bark adheres tightly to wood and the 

herbivore is forced to gnaw and scrape the bark by slightly turning its head to one side or the 

other to remove it bit by bit, and, not being able to tear it off in strips (Gill, 1992), leaves behind 

clearly visible tooth marks separated by the remaining pieces of cambium (Prinoble Guide, 

2014). Papageorgiou and Neophytou (1981), however, found no relation between water content 

and bark stripping in Pinus heldreichii. 

2.4.5. Other factors involved in bark-stripping 

Although, strictly speaking, various factors that influence bark-stripping do not form part of this 

research, the factors most relevant to this work are briefly discussed below for background 

information purposes. 

2.4.5.1. Density of herbivore species, fenced areas and herding method 

Fenced areas which restrict the movement of relatively dense herbivore populations can elicit 

undesirable effects of herbivory on vegetation (Young et al., 2009). Closed freehold ranching 

systems are considered to be more environmentally destructive than open communal systems 

(Schneiderat, 2011). Most outbreaks of bark-stripping that resulted in the occurrence of high 

levels of damage in a short period of time, included situations where relatively high numbers of 

animals were confined in either limited or fenced-in areas (Danell et al., 2006). Domestic 

herbivores are generally less mobile than wild species, and therefore the common practice of 

keeping them at less variable and higher densities prevents small-scale selectivity (Skarpe 

1991). Most livestock are generally denied the opportunity to browse at night and their 

dependence on drinking sufficient amounts of water during the day reduces their foraging range 
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during dry seasons (Lamprey et al., 1980). The practise of herbivory, according to Hiernaux 

(1980), depends as much on the type of animal as on the herd management method. 

2.4.5.2. Mimicry and feeding behaviour  

The principal effect of herbivores on the richness of plant species does not necessarily depend 

on the extinction of the herbivores‘ resource populations, but rather on their feeding behaviour 

that modifies the competitive abilities of one plant species with another and thereby creates 

patches of damage (Louda et al., 1990; Gaoue et al., 2013). Whilst the effects of herbivory 

depend on factors such as refuges and differential recruitment (Louda et al.,1990), a herbivore‘s 

foraging behaviour is thought to be derived from the interaction between the characteristics of 

the herbivore and the plants on which it feeds (Searle & Shipley, 2005).  

Mimicry and learning behaviour may play an important role in some instances of bark-stripping. 

It has been observed in red deer (Cervus elaphus) (Kuiters et al., 2006) grey squirrels (Sciurus 

carolinensis) (Kenward & Parish, 1988) and horses (Kuiters et al., 2006) that the practice of 

bark-stripping may spread more rapidly if learned from other individuals (Kuiters et al., 2006). 

Lamarque (2009) is of opinion that bark stripping may simply be a bad habit, or else the 

fulfilment of some dietary or medical requirement.  

2.4.5.3. Season 

Most of intense debarking incidents are reported to occur during dry seasons (Ihwagi et al., 

2010). Numerous authors have reported high incidences of bark stripping in areas where shrubs 

or other browse species are lacking (Gill, 1992; Aganga et al., 2000). 

2.4.5.4. Age and size of tree 

Susceptibility to bark-stripping is strongly dependent on the age and size of the tree (Kuiters et 

al., 2006). These also govern morphological factors such as trunk girth (Mayle et al., 2009; 

Ihwagi et al., 2010), followed by thickness, hardness and coarseness of the bark (Kuiters et al., 

2006), difficulty of bark removal (Gill, 1992) and trunk-branching features (Gill, 1992). All of 

these have been reported to be factors limiting bark-stripping.  

Bark roughness is thought to be correlated with bark thickness (Gill, 1992) which in turn relates 

to stem diameter and is generally found to decrease with height up the stem and increase with 

tree size (Cunningham, 2001; Williams et al., 2007). Studies on various species of browse 

plants have shown that the density of structural material tends to increase along a gradient from 

the distal to the basal portions of plants (Searle et al., 2005). Studies on bark-stripping by deer 

have shown that stems are selected on the basis of their girth and age (Mattheck & Kubler, 

1995). Bark structure changes with ageing, and for most tree species it becomes thicker and 

more dif※cult to remove, and results in a decrease in the in vitro digestibility of large trees, thus 
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decreasing their susceptibility to bark-stripping (Gill, 1992). Ihwagi et al. (2010) reported that 

debarking by elephants is positively correlated with stem circumference, with medium-sized 

trees being the worst affected. The observation of Tavankar et al. (2015) that diameter growth is 

related to the ratio of wound size to stem area is supported by Mayle et al.‘s (2009) finding that 

incidences of bark damage and wound size were significantly related to tree size. It was 

furthermore found that wounds tend to be larger on larger-girthed trees (Girompaire, 1990). A 

negative relationship that was found to exist between digestibility and crude protein compared 

with twig diameter, led Searle et al. (2005) to suggest that the digestibility and nutrient content 

of bites are reduced by an increase in bite size.  

2.4.6. Effects of bark-stripping  

The highly variable occurrence and severity of bark-stripping can range from sudden intense 

occurrences to relatively constant rates that involve a few trees per year, with the less severe 

occurrences found to be the most common (Welch et al., 1987). The variables indicating the 

extent and intensity of bark-stripping, expressed as damage in terms of either the number of 

trees (Welch et al., 1988), the number of wounds per tree (Girompaire, 1990), or the size of 

each wound (Welch et al., 1988), are found generally to have a skewed frequency distribution. 

Despite the skewed frequency of damage incidence, each tree can occasionally be subjected to 

damage (Gill, 1992).  

Damage is normally found to be clustered (Mclntyre, 1975; Welch et al., 1988). The mean 

number of wounds per tree increases with the occurrence of damage in a stand (Mclntyre, 

1975), with damaged individuals more likely to be damaged again (Kuiters et al., 2006), a 

feature which probably compounds the uneven impact. The recurrent harvest of plant organs, 

including bark, and size-specific harvest preferences are reported to impact on the demographic 

rates of trees. High-harvest populations have significantly lower densities of seedlings and 

saplings and exhibit higher tree mortalities than low-harvest populations (Murali et al., 1996).  

Studies to assess the ability of trees to regenerate bark following harvesting or herbivory and 

their efficiency in decay containment have indicated that this ability is species-specific, with the 

generation of bark regrowth ranging from fast to relatively slow or no regrowth (Cunningham, 

2001; Ngubeni, 2015). A tree‘s response to bark-stripping depends on its physiology, bark 

chemistry (Cunningham, 2001), the extent and season in which bark removal takes place 

(Grace, 2002), and the orientation of the wound in relation to the sun (Williams et al., 2007). 

Bark removal leads to water loss (Romero, 2006) and effectively interrupts downward phloem 

translocation (Ngubeni, 2015) that often leads to mortality (Kozlowski & Pallardy, 1997). 

Excessive depth and width of bark removal results in root injury and death (Kozlowski & 

Pallardy, 1997). In addition, the failure of the defence mechanisms that usually protect trees 

from fungal infections lead to tree death due to the combined effect of the fungal colonization of 
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the cambium, phloem, and xylem parenchyma coupled with the effects of extensive necrosis 

(Nichols et al., 2016), especially in smaller trees (Ngubeni, 2015). The mean rate of fungal 

infection has been found to increase strongly with increasing damage class (Kuiters et al., 

2006). Agony shoots, described by Geldenhuys et al. (2007) as vegetative shoots that develop 

around a wound in response to wounding, and coppice shoots that are elicited from the basal 

parts, are often observed, and are viewed as an important survival mechanism (Delvaux et al., 

2009). Healing slows in proportion to the size of the wound and the age of the injured trunk (Van 

Lerberghe, 2015). The recurrent removal of bark, even where coppice production is prolific, 

results in mortality, as immature trees are debarked in this process (Cunningham, 1988).  

Mechanical damage to underlying tissues compromises the stem‘s insulating function and 

makes the tree susceptible to further mechanical or heat damage and particularly vulnerable to 

disturbances such as fire (Romero, 2006). As stem protection against external agents (Romero, 

2006) is decreased, the wounds could become sites for pathogen entry; infections; insect 

infestations or callusing (Nichols et al., 2016). When coupled with severe ring-barking, these 

threats may weaken the mechanical resistance of the main trunk, leaving it vulnerable to 

‗windthrow‘ (Van Lerberghe, 2015). ‗Windthrow‘ is a common form of wind damage in which 

both stem and roots overturn (Quine et al., 1995). 

Mortality is also likely to occur from the bark-stripped area upwards, especially after it has been 

subjected to environmental stress factors such as drought (Romero, 2012).  

Bark-stripping can cause discolouration of wood (Prinoble Guide, 2014) and may result in 

deformed or stunted growth reflected in decreases in basal diameter and height (Kozlowski & 

Pallardy, 1997). Tavankar et al. (2015) report that a reduction in diameter growth of bark-

wounded beech trees (Fagus orientalis Lipsky) was only observed in the trees with a diameter 

at breast height below 55 cm. Wound occlusion was found to have no significant effect on 

diameter growth, but decayed wounds, and wounds that were larger than 200 cm2 in area, were 

found to reduce diameter growth significantly.  Conversely, Tavankar et al. (2015) report that 

Vasiliauskas and Stenlid (2007) recorded an increase in radial growth in injured stems of ash 

(Fraxinus excelsior L.). Several other investigations by Tavankar et al. (2015), however, failed to 

reveal any significant effect of stem wounds on the increments of other tree species that were 

exposed to bark damage.   

Herbivory influences plant performance by altering root:shoot ratios (Louda et al.,1990). 

Scogings and Macanda (2005) reported that debarking by goats had a greater impact on 

Vachellia karroo trees than defoliation had. It was found that debarking reduced the number of 

browsable shoots, and, although the effects were not significant, debarking has a tendency to 

reduce shoot and spine length and halve the number of pods. According to these authors, 

responses of basally-ringed V. karroo trees indicated rapid vertical growth when the trees were 
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highly vulnerable to fires and browsers, therefore suggesting a strong selection for herbivore- or 

fire-tolerance. A study conducted on the browse impact on ten common and widespread tree 

species in Tanzania by Vessey-Fitzgerald (1973 as cited by Lamprey et al., 1980) revealed that 

intense browsing resulted in the trees exhibiting characteristic dense and pollarded growth 

forms with reduced height increment rates. 

Bark girdling increases the amount of photosynthates available to flowers, fruits and other 

meristems located above the girdle and increases the production of flowers and fruit. Girdling 

around the whole circumference of a tree severs conducting tissues in the phloem and 

effectively eliminates the roots as a carbohydrate sink (Romero, 2006; Fajstavr et al., 2017). 

This induces a decrease in stomatal conductance (Williams et al., 2000), and brings about a 

sharp decrease in plant transpiration (Fajstavr et al., 2017). Oberhuber et al. (2017) observed 

that, irrespective of water availability, a significant reduction in the progression of bud break and 

the length of the leader shoot was brought about by girdling before growth onset. This 

correlates with some aspects of Scogings and Macanda‘s (2005) research on the effect of bark-

stripping on V. karroo. Girdling may have a dwarfing effect on plant and leaf size (Zwieniecki et 

al., 2004). 

Whilst many authors argue that girdling does not affect xylem embolism (Lopez et al., 2015) and 

conductivity, but only reduces xylem growth, Domec and Pruyn (2008) reported that, after a 

two-year recovery period, trunk girdled Ponderosa Pine trees (Pinus ponderosa Dougl. ex P. 

Laws.) was found to have a reduced density of new wood which resulted in an increased 

vulnerability to embolism. Although girdling around the whole circumference is considered to be 

lethal (Romero, 2006), mortality after partial girdling appears unusual and is confined to trees 

with about two-thirds or more of their circumference stripped (Danell et al., 2006). Danell et al. 

(2006) suggest that it is questionable whether bark loss has a significant effect on growth, as 

numerous studies have indicated that even extensive bark loss ( 90% of the circumference) 

does not result in growth loss. 

2.4.7. Possible effects of bark damage on the ecosystem 

Mortality induced by bark damage could lead to the removal of a keystone tree species such as 

B. albitrunca from a keystone-dependent community and result in major changes to the 

structure, function or diversity of this community, making it even more vulnerable and potentially 

unstable than communities where keystone species are commonly absent (Alexander et al., 

2011). A decrease in the density of a keystone species could lead to a decrease in the species 

diversity in an area and trigger ecological chain reactions that may result in degraded or 

simplified ecosystems (Payton et al., 2002). The responses of plants that were exposed to 

herbivory furthermore can in turn have significant impacts on herbivores, and are known to drive 

small mammal cycles (Schrijvers-Gonlag, 2011). 
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Vera‘s (2000) ―theory of cyclical vegetation turnover‖ suggests that the role of large herbivores 

in driving dynamic mosaics of open and closed woodland, may, when high stocking rates are 

maintained, promote the degeneration of woodlands. A reduction in the number and density of 

canopy trees may pose a threat to the woody plant population in the absence of recruits 

(Barnes, 1983). Otherwise, due to the prevention by herbivores of tree recruitment, woodlands 

may be transformed into mixed woodlands or even grasslands, resulting in the establishment of 

an improved herbaceous layer (Smallie & O‘Connor, 2000). According to Vera (2000), the ability 

of trees to grow once again out of reach of herbivores permits this herbivore-driven process to 

cycle through successive woodland and scrub phases. Although a study conducted by 

Cornelissen (2017) in a fenced area in the Netherlands revealed that bark-stripping by high 

numbers of cattle, horses and red deer (Cervus elaphus) led to the death of mature trees, he 

states that it is arguable whether this impact is sufficiently strong enough to convert closed 

forest into open grassland when the populations of herbivores are left entirely unmanaged 

(Hodder & Bullock 2009). 

Stem and tree die-offs caused by bark damage have a significant effect on the structure of 

ecosystems as the rate of canopy gap formation far exceeds that caused by natural 

disturbance (Cunningham, 1990) and may, by creating vegetation openness, promote an 

abundance of light-demanding woody species (Bakker et al., 2016) and defended browsing-

tolerant vegetation (Bakker et al., 2016). 

Plants can respond to temporal and spatial fluctuations in external stresses through 

phenotypic plasticity in order to counter the effects of stressors such as herbivore-induced 

restraining effects on their growth and survival (Read & Stokes, 2006). Scogings and 

Macanda‘s (2005) research on the debarking of Vachellia karroo trees by goats (described in 

section 2.4.6) clearly illustrates how plants that are frequently exposed to the high impacts of 

browsing can, by growing beyond the reachable browse height, manage to escape from this 

―browser trap‖ (Bakker et al., 2016) through a rapid increase in vertical growth.  

Herbivore-driven impacts on tree density are location dependent (Tredennick & Hanan, 2015). 

Fluctuations in the intensity of local herbivory can result in the creation of spatial mosaics of 

trees, herbaceous plants and shrubs with palatable woody species regenerating in areas 

where thorny or poisonous forbs and shrubs occur to protect them from browsing (Bakker et 

al., 2016).  

A study on density and height structure of B. albitrunca in the Etosha National Park conducted 

by Nott and Stander (1991) aptly illustrates how the resprouting ability of woody plants 

invariably resulted in the development of multi-stemmed coppiced tree stems which are resilient 

to repeated herbivory and ultimately creates patches of stable and dense vegetation with a low 

canopy cover. 
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Jachmann and Croes (1991) suggested that, under persisting herbivore-induced pressures, 

faster growing, less palatable or more herbivore-tolerant species may in time replace slow-

growing or predominantly vulnerable species. Duffy et al. (1999) suggest that the abundance of 

alternative tree species may redirect the herbivores‘ attention and energy needs away from the 

preferred species, and therefore prevent the decline and extinction of the preferred species. 
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CHAPTER 3 

Study area and studied species 

3.1 Study area  

3.1.1 Locality  

The Mopane-Sand River study area is located north of the Soutpansberg Mountain Range and 

south of the Limpopo River, and falls within the central Limpopo Basin river system and 

catchment area (Figure 3-1). The study area is situated in the magisterial districts of Makhado 

and Musina in the Vhembe District of the Limpopo Province of South Africa within longitude 

22°22'25" S to 22°47'24" S and latitude 29°44'30" E to 30°34'46" E (Figure 3-2). 

3.1.2 Climate  

The study area varies environmentally from semi-arid areas in the east, through temperate and 

semi-arid areas in the central zones, to arid areas in the west with a few sub-humid pockets in 

the centre (Nel & Nel, 2009). Climate maps of the vegetation types occurring in the study region 

is presented in Figure 3-3. 

The east-west alignment of the mountain range influences the regional climate by acting as a 

barrier between the northern continental- and the south-eastern Indian Ocean maritime climate 

influences, giving rise to the semi-arid climatic region to the north. The region is susceptible to 

progressive desertification, and drought conditions correlate with strong El Nino events while 

above average rainfall is brought about by weak events. For most of human history, as 

evidenced from archaeological sites such as Mapungubwe and Verdun, permanent settlement 

was not possible, and was only undertaken when underground aquifers could be reached by 

boreholes in the 20th century (Berry & Cadman, 2007).  

The region has two distinctive seasons comprising a cool and very dry season from May to 

August and a warm, wet season from October to March — with April and September being 

transition months (Macdonald et al., 2003). The mean annual precipitation during the summer 

months of October to March varies between 300 and 400 mm, with rainfall occurring in the form 

of either soft rain or heavy thunderstorms that are common in the late afternoon and evenings 

(Watson et al., 2017).  Rainfall is highly variable and extended periods of below average rainfall 

often occurs (Mhinga et al., 2013), resulting in the occurrence of recurrent droughts during the 

winter months, as well as infrequent drought conditions that prevail during the summer (Watson 

et al., 2017). These irregular summer droughts are becoming more common as a result of the 

effects of climate change within the area (Watson et al., 2017). 

The mean temperatures of the summer months, from November to February, range between 20 

and 33°C, while the mean winter temperatures, from May to August, range between 7 and 
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28°C. The winters are mild and the area is generally frost-free. Dry season maximum 

temperatures can rise to 45°C in summer (Mhinga et al., 2013). 

 
 Source: Icrisat 

 Figure 3-1. Limpopo Basin in Southern Africa.                           

 

 

 
Source: P. Desmet 
Figure 3-2. Three-dimensional digital terrain model of Limpopo Province: Sample sites denoted by white 
squares. 

 

300 km  
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The very high evaporation rates, ranging between 800 and 2 800 mm per annum, give a climate 

with an extreme aridity index (Tshipise Weather Station) (Botha & Hattingh, 2013; Watson et al., 

2017).  

Prevailing south-eastern winds with speeds ranging from 0.5 to 3.6 m.s-1, and secondary east 

winds predominate in the study area (Nel & Nel, 2009).  

 

 

 

Source: South African National Biodiversity Institute  

Figure 3-3. Climate maps of the vegetation types occurring in the study region. Left: Musina Mopane 
Bushveld vegetation type. Right: Limpopo Ridge Bushveld. 

 

3.1.3 Geology, soil and topography  

Geology 

The structurally complex terrain of the Limpopo Belt, approximately 700 km long and 200 km 

wide, is subdivided into three segments by prominent shear belts which can attain a width of up 

to 10 km. The study area falls within the Central Zone that underlies a 100 km wide area north 

of Soutpansberg that stretches into Zimbabwe. The Central Zone was subjected several times 

to mountain-building processes that occurred 3.2, 2.6 and 2.0 Billion (Ga) years ago whereby 

surface rocks were pushed down to a depth of 40 km and reached maximum temperatures of 

900ºC. The 2.6 Ga orogenic event was caused by a subduction zone which dipped to the north 

underneath Zimbabwe. The 2.0 Ga event, during which the Kaapvaal Craton and the Zimbabwe 

Craton in the north collided, is known as a transpressive orogeny. The high mountain areas that 

resulted after each event were completely peneplained over time and only the deep root zones 

of these mountain chains are presently visible at the surface. The Central Zone has its own 

distinctive geological signature, and is regarded as an exotic terrane as it is composed of 

supracrustal rocks with subordinate granitoid gneisses, known as the Beitbridge Complex. The 

supracrustal rocks, which are inferred to have been deposited prior to 3.4 Ga, are subdivided 

into the mainly metaquartzite-dominated Mount Dowe succession and the mainly marble-

dominated Gumbu succession. These supracrustal successions were subsequently intruded by 

an orthosite of the Messina Suite (3.35 Ga); tonalites of the Sand River Gneiss Suite (3.3 Ga); 

granodiorite of the Alldays Gneiss Suite (2.7-2.6 Ga); granitoids of the Bulai Gneiss Suite (~2.6 

Ga); and prominent leucogneiss of the Malala Drift Suite (2.62 Ga) (Kramers et al., 2006). 

Figure 3-4 presents a Simplified Geological map of the study region. 
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 ARCHAEOZOIC   Beit Bridge Complex 
 PROTEROZOIC       Waterberg and Soutpansberg Groups 

 PROTEROZOIC       Diabase (Intrusive) – Various Ages 

 PHANEROZOIC       Drakensberg and Lebombo Groups – Karoo Supergroup 

 PHANEROZOIC       Molteno, Elliot and Clarens Formations – Karoo Supergroup 

 PHANEROZOIC       Dwyka and Ecca Groups – Karoo Supergroup 

      Sample Sites 
Source: Council for Geoscience 

Figure 3-4.  Simplified Geological map of the study region. 
 

Soils 

Soils that originate from gneiss, quartzite and sandstone are mostly leached and sandy with a 

low nutrient content, while soils derived from diabase, dolerite, gabbro, basalt, shale, siltstone 

and mudstone have higher nutrient contents and are clayey with a better water-holding 

capacity. Clayey alluvial soils and silt are found on flood plains (Botha & Hattingh, 2013). Red 

soils with a high base status dominate the soil in the study area as illustrated in Figures 3-5 and 

3-6.  

The southwestern-central region is generally characterised by well-drained red to yellow apedal 

sandy soils and soils varying from deep red/brown clays to deep, free drained sandy soils that 

are associated with flat topography (Van Staden, 2016). The western region is characterised by 

areas of shallower soil types including skeletal Glenrosa and Mispah soil forms, calcareous 

gravel and calc-silicate soils. Sandstone areas of the Clarens Formation and sandstone ridges 

occur in the area (Nel & Nel, 2009). Water courses are prone to erosion due to the sandy nature 

of the soil, which has caused incised river features within the study area (Mhinga et al., 2013).  
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Figure 3-5. Generalized soil patterns in the study area: sample sites denoted by  symbols. Map 
compiled by A. Collett Directorate: LUSM. 
 

Topography 

The topography of the area is characterized by level plains and rolling or undulating to very 

irregular plains with some relief sloping gently towards the Limpopo River. The undulating plains 

form the largest part of the area. Ridges and high hills, some measuring 720 m above sea level, 

also occur in the area. Non-perennial drainage lines are located to the east and west, and 

draining occurs in a northerly direction (Botha & Hattingh, 2013).  The altitude of the study area 

ranges from 418 m above sea level at the Sand River-Limpopo River confluence to 715 m 

above sea level in the Mopane area.  
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Figure 3-6. Soil classes in the study area: sample sites denoted by  symbols. Map compiled by A. 
Collett. Directorate: LUSM. 

3.1.4. Vegetation 

The vegetation of the study area falls within the Savanna Biome (Low & Rebelo, 1996), and is 

situated within two broad vegetation types as described by Mucina and Rutherford (2006). 

These are the Musina Mopane Bushveld (SVmp 1)1 occurring on undulating plains and the 

                                                           
1 Mucina & Rutherford (2006) compares SVmp1 to Acocks’ (1988) veld type (VT) 15 – Mopani Veld, and also to Low and Rebelo (1996) VT 10 – 

Mopane Bushveld and 
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Limpopo Ridge Bushveld (SVmp 2)2 occurring on the ridges. Both vegetation types have a 

Least Threatened conservation status, and are poorly protected as it is assumed that there is no 

significant disruption of ecosystem functioning, and that more than 80% of the vegetation types‘ 

original extent is still untransformed (Götze, 2014). 

Musina Mopane Bushveld is found on areas with deep sandy soils with a well-developed field 

layer and a poorly developed herbaceous layer, particularly in areas where dense stands of 

mopane (Colophospermum mopane) occur. This vegetation type forms moderately closed to 

open shrubveld to open savanna dominated by Colophospermum mopane, Combretum 

apiculatum, Grewia flava, Terminalia prunioides and T. sericea (Götze, 2014). Limpopo Ridge 

Bushveld is found on the very irregular plains, ridges and hills that support a fairly open 

savanna with poorly developed ground layers (Mucina & Rutherford, 2006). Important taxa that 

are common to both vegetation types are Adansonia digitata, Boscia albitrunca, 

Colophospermum mopane, Combretum apiculatum, Sclerocarya birrea subsp. caffra, Senegalia 

nigrescens, Senegalia senegal var. leiorhachis, and Terminalia prunioides.  A. digitata is found 

growing with numerous Kirkia acuminata on the ridges in the Limpopo Ridge Bushveld zones. 

Other important taxa occurring in the Limpopo Ridge Bushveld zones include C. imberbe, C. 

mollis, C. tenuipetiolata, Ficus abutilifolia, F. tettensis, Gardenia resiniflua, Grewia bicolor, G. 

villosa, Sterculia rogersii and Vachellia tortilis subsp. heteracantha. Boscia foetida subsp. 

rehmanniana, Grewia bicolor and G. flava are important trees and shrubs that are associated 

with the Musina Mopane Bushveld vegetation type (Götze, 2014).  

The grass layer in both vegetation types is characterised by Aristida species, Digitaria eriantha, 

Enneapogon cenchroides, Schmidtia pappophoroides and Stipagrosits uniplumis. Brachiaria 

deflexa, Cenchrus ciliaris, Eragrostis lehmanniana, Fingerhuthia africana, Sporobolus nitens 

and Urochloa mosambicensis are found to occur in the Musina Mopane Bushveld zones and 

Panicum maximum in the Limpopo Ridge Bushveld zones. The most important forbs common to 

both vegetation types are Neuracanthus africanus and Ptycholobium contortum. Acalypha 

indica, Dicoma tomentosa and Seddera suffruticosa occur in the Musina Mopane Bushveld 

vegetation type, and Barleria affinis, Blepharis diversispina and Hibiscus micranthus, in the 

Limpopo Ridge Bushveld vegetation type (Götze, 2014).  

Plant communities with distinct species assemblages are differentiated within the study area 

and vary along a continuum with no distinctive boundaries. These communities are mostly 

associated with slight variations in geology, topography and slope, drainage, the underlying 

soils in terms of texture, depth and rockiness and historic management. The different plant 

communities represent different habitats with characteristic grazing and browsing capacity and 

serves as specific habitats for different faunal species (Mhinga et al., 2013).  

                                                           
2
 SVmp 2 is comparable to Acocks’ (1988) veld type (VT) 15 – Mopani Veld, and also to Low and Rebelo (1996) VT 10 – Mopane Bushveld 

(Götze, 2014). 



30 
 

3.1.5 General land use 

Land, used for grazing in the Limpopo Province in 2007, represented approximately 84% of the 

total farming area, with cattle being the predominant species (Kayamandi Development 

Services, 2007). However, by 2008 a movement from cattle farming towards game farming in 

the study area had led to the establishment of a significant number of game farms, conservation 

areas and nature reserves (Carruthers, 2008 as cited by O‘Connor & Goodall, 2017). Domestic 

livestock are currently mainly held for subsistence farming in the former communal areas 

(Mthembu, 2013). 

The population structure of woody species occurring in the recently converted cattle- to game 

farms therefore reflects long term exposure to livestock farming, based mainly on cattle at a 

stocking rate of 6–8 ha per livestock unit and low densities of browser species such as Kudu 

(Tragelaphus strepsiceros), Impala (Aepyceros melampus), Grey Duiker (Sylvicapra grimmia) 

and Steenbok (Raphicerus campestris) (Louw, 1973 as cited by O‘Connor & Goodall, 2017). 

According to Kayamandi Development Services (2007) game found on the newly-established 

game farms consisted mainly of Impala (Aepyceros melampus), Kudu (Tragelaphus 

strepsiceros), Sable Antelope (Hippotragus niger), Rooihartebeest (Alcelaphus buselaphus 

caama), Eland (Taurotragus oryx), Waterbuck (Kobus ellipsiprymnus) and Warthog 

(Phacochoerus africanus).  

3.1.6 Long term grazing capacity 

The value depicted on the Long Term Grazing Capacity Map for South Africa 2016, presented 

in Figure 3-7, is the number of hectares per large stock unit (ha/LSU).  

The unit ha/LSU is defined as follows: ―A homogeneous unit of vegetation expressed as the 

area of land required in hectares to maintain a single animal large stock unit (LSU) over an 

extended number of years without deterioration to vegetation or soil.‖ LSU: An animal with a 

mass of 450 kg and which gains 0.5 kg per day on forage with a digestible energy of 55% 

(Trollope et al., 1990). The grazing capacity values indicated on the map are long term values of 

veld that is in a relatively good condition, only be used as a guideline in farm planning and 

grazing management. According to the Long-Term Grazing Capacity Map, presented in Figure 

3-7, the mean carrying capacity value for the study area is indicated as 12 ha/LSU, which is 

comparable to the mean carrying capacity value assigned to a savanna biome. 
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Figure 3-7. Grazing capacity 2016 (ha/LSU) in the study area: sample sites denoted by  symbols. 

 

3.2 Studied species 

Etymology  

The genus name Boscia commemorates the French professor of agriculture Louis Bosc (1759-

1828), whilst the specific epithet, albitrunca means ‗white trunk‘.  Burchell first used the term 

‗albitrunca‘ as a species epithet (Alias & Milton, 2003). 

Description  

The taxonomy of Boscia albitrunca (Burch.) Gilg & Gilg-Ben, accords with the South African 

National Biodiversity Institute‘s Red List of South African Plants, as well as the species 

description as presented in Appendix 1 (Table A-1) (Foden & Potter, 2005). Boscia albitrunca is 

widespread in Southern Africa (Figure 3-8), occurring in the arid/semi-arid savanna regions of 

KwaZulu-Natal, western Free State, Northern Cape, North West, Gauteng, Mpumalanga and 

Limpopo provinces in South Africa; northern and eastern Botswana; southern Mozambique; 

Swaziland; Zambia; western and southern Zimbabwe; Angola and Namibia (Alias & Milton, 
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2003). This species favours well-drained sandy, rocky, loamy and calcrete soil, is common in 

rocky and brackish low-lying areas and is often associated with termite mounds (Alias & Milton, 

2003). The genus Boscia is restricted to Africa, with the exception of one species occurring in 

southern Arabia (Alias & Milton, 2003). 

 

 
Figure 3-8. Map showing distribution of Boscia albitrunca. North-pointing arrows indicate that B. 
albitrunca, is known to occur in the indicated countries, and may have originated in the south and spread 
northwards (according to Coates Palgrave, 1977). 
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CHAPTER 4 

Materials and Methods 

4.1  Experimental design 

Variations in land use were the basis of this study, which endeavours to match environments or 

‗land-use types‘ across the study area. These land-use types varied mainly in the proportions of 

different species of large herbivore utilizing each land type.  

Sampling therefore needed to happen at two levels: firstly sites had to be selected to serve as 

samples of the different land use types.  Only then could individual trees be sampled in a way 

that allowed detailed examination of the types of damage suffered and the effects thereof. 

South Africa was experiencing one of the worst droughts in decades during the time that this 

study‘s field work was carried out. Limpopo was one of the five provinces that were declared 

disaster areas due to the 2015-2016 drought (Maponya & Mpandeli, 2016). In the study area, 

serious effects of overgrazing could be observed almost everywhere. Due to the limited forage 

available, higher than normal levels of bark damage effects could be expected. 

Field work was carried out between April 2015 and May 2016. It covered all five land-use types 

that differed in terms of management backgrounds and equid stocking densities. The 

characteristics of the sample sites are summarized in Table 4.1.   

4.2  Sampling 

The sampling approach applies to the data collected and described in both Chapter 5 and 

Chapter 6. 

4.2.1  Sample sites  

The paucity of information on damage to Boscia albitrunca inflicted by non-equine browsing 

animals suggests that such animals may be responsible for minimal or no damage to B. 

albitrunca. Their presence in the study area may thus not be expected to influence the 

outcomes of the study.  

It is against this background that five different land-use types (Table 4.1), each consisting of two 

sample sites (thus 10 in total), were selected in order to conduct a comparative evaluation of the 

effects of bark-stripping by three different equid species on B. albitrunca populations in the 

Mopane-Sand River area. The designated land uses of the five different sampling sites in the 

study area are displayed in Figure 4-1.  
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The pair of sample sites for the control area (LU1) were selected on the basis that these sites 

hosted only local game species and had no known recent history (> 50 years ago) of exposure 

to equid species. Each of the pairs of sample sites for other four land-use types sites were 

selected on the basis that they were the most comparable to each other in terms having more or 

less similar equid stocking densities. Equid stocking density was calculated according to 

Senkoro et al. (2014): D = N/A, where D = density; N = number of individuals; A = area in 

hectare. Information on the numbers of different equid species and the size of the areas that 

respectively hosted them were obtained from land-owners and, in the case of the communal 

areas that hosted free-ranging donkeys, information was obtained from the Department of 

Agriculture‘s State Veterinarian's Offices in Louis Trichardt and Musina. In the cases of the land-

use types that hosted donkeys (LU2 and LU3) and horses (LU4), it was possible to select 

sample sites that were closely comparable in terms of stocking densities (≈ 0.13-0.19 equid 

units/ha). Although the greater ratio of area (in hectares) to number of zebras did not permit 

zebra stocking densities to be strictly comparable to those of donkeys and horses, they were 

still included in the study in order to discover what impact, if any, they had on B. albitrunca 

trees. This is because zebras are primarily characterized as roughage grazers grouped under 

the bulk feeder grazing guild (Estes, 1999).  

The low stocking-densities of zebras, as well as the differences in the mean densities of Boscia 

albitrunca per land-use type, as reflected in Table 5-1 and described in section 5.2.1.1, were 

taken into account when comparing the different land-use types. The effect of bark-stripping 

would most likely be amplified in the land-use types that exhibited lowest mean densities of B. 

albitrunca trees. A higher potential impact/tree is therefore expected in the areas that hosted 

horses (LU4).  

Fenced areas, which confine the movement of animals, can elicit undesirable effects of 

herbivory on vegetation (Young et al., 2009). Thus, the results of the current study were 

expected to show that the enclosed areas that hosted donkeys (LU2) would exhibit the highest 

impact of bark-damage, as B. albitrunca trees would be exposed to higher frequencies of bark-

stripping. 
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Table 4.1. Sample site descriptions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Populations Land use type 
Farm 

management 
regime 

Approximate stocking 
density (equid 
units/ha) ± SE 

Land use 1 
(LU1) 

Private land – stocked with local game 
species  

Commercial 
game 

0 

Land use 2 
(LU2) 

Private land - donkeys kept with local game 
species in enclosed camps 

Commercial 0.190 ± 0.02 

Land use 3 
(LU3) 

Communal- free ranging donkeys and local 
game species 

Communal 0.146 ± 0.03 

Land use 4 
(LU4) 

Private land - horses kept with local game 
species in enclosed camps 

Commercial  0.13 ± 0.01 

Land use 5 
(LU5) 

Private land - zebras kept with local game 
species in enclosed camps 

Commercial 
game 

0.041 ± 0.01 
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Figure 4-1. Sample sites: (a) Land Use 1: stocked with local game sans equid species; (b) Land Use 2: donkeys kept with local game species in enclosed 

camps; (c) Land Use 3: free ranging donkeys and local game species; (d) Land Use 4: horses kept with local game species in enclosed camps and (e) Land Use 

5: zebras kept with local game species in enclosed camps.
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4.2.2.   Tree sampling 

On each individual sample site members of Boscia albitrunca were identified in 3 randomly-

selected transects. Each transect was 100 m long and extended to 5 m on each side of the 

transect line, resulting in 1000 m2 = 0.1 ha (Figure 4-2). The transect line was marked out by 

securing a 100 m long red and white striped barrier tape ≈ 1.2 m above ground level between 

trees that were located at the midline at the start and end of the transect (Figure 4-3). 

 

Source: Google Earth
TM 

Figure 4-2. A 30-ha sample site on the Sand River - the three randomly-selected transects are indicated 
in yellow.  
 

All B. albitrunca trees occurring along the transects, including dead individuals, were measured 

and recorded as illustrated in Figure 4-3.  
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Figure 4-3. A transect midline marked out by red and white diagonally striped barrier tape. All dead 
Boscia albitrunca individuals found within the transect areas, as indicated by the white arrow on the left, 
were measured and recorded. B. albitrunca trees rooted just outside the borders of the transect areas, as 
indicated by the white arrow on the right, were not recorded, despite large areas of their crowns coming 
within the transect areas. 

 

4.3 Measurement 

Aside from calculations based on frequencies according to transect, specific measurements 

were taken for each tree recorded along the transects. 

Parameters that were measured for each B. albitrunca tree were:  

a. Tree height measured in metres. 

b. Diameter at breast eight (DBH) measured in centimeters with the measurements taken 

130 cm above ground level using a measuring tape. Ten size-classes (SCs) were 

categorized using 5 cm increments at breast height (Table 4.2). 

c. Lowest reachable foliage represents the height measured in metres above ground of the 

first visible leaves. 

 

The data were obtained from 146 trees that recorded within the 10 sample sites, and, because 

some of the trees were multi-stemmed, a total of 350 stems were measured and recorded. In 

the case of multi-stemmed trees where branching into two or more stems occurred below the 

Diameter at Breast Height (DBH) level, i.e. between the ground and 130 cm above it, each stem 

was measured and recorded on a datasheet. Figure 4-4 gives an example of a three-stemmed 

tree, for which each stem would be allocated a shared tree number (e.g. 1) and each stem 

would then be recorded as 1A, 1B and 1C. 
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Figure 4-4. Diameter at Breast Height (DBH) measurements for a multi-stemmed tree. 

 

Multi-stemmed trees (i.e. where branching into two or more stems occurred lower than the DBH 

level) were converted into single-stem trees using the following formula for calculation of the 

respective total DBH:  

DBH total [cm] = 2 × √ (DBH1/2)
2
 +(DBHn/2)

2                        (Qasim et al.,2016). 

All measurements were rounded to the nearest centimetre (Qasim et al.,2016).  

 

4.3.1. Establishing size classes 

 
Size-class categories according to diameter at breast height measures are presented in Table 
4.2. 

 
Table 4.2. Size-class categories according to diameter at breast height measures. 

Size-class Range (cm) 

SC1 >0 - 5 

SC2 >5 - 10 

SC3 >10 - 15 

SC4 >15 - 20 

SC5 >20 - 25 

SC6 >25 - 30 

SC7 >30 - 35 

SC8 >35 - 40 

SC9 >45 - 50 

SC10 >50 

 

 

130 cm above ground 
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4.3.2 Describing tree condition 

 
To determine which of the land-use types and which size-classes were the most affected by 

bark-stripping, the three Tree Condition Indices (TCIs) as described below were used. These 

were used as quantitative tools for assessing the tree condition and amount of damage present 

per individual tree.  

Tree Condition Index (Quantitative) TCI (QN)a, Tree Condition Index (Qualitative) TCI (QL)b and 

Tree Condition (Total) TCI (T) were thus the three used respectively to represent numerically 

the magnitude of damage (QN)a, the tree condition (QL)b and the overall health of each tree TCI 

(T).  

TCI (QN)a: the severity of bark damage.  

This was quantified by scoring a tree against three six-point rating scales. The following 

parameters of each tree were assessed: 

a. the percentage of bark-stripping (i.e. percentage of fresh bark removed from the 

cylinder of bark between the bottom and top margins of the scar) (Table 4.3) 

b. the amount of bark-tearing (Table 4.4) 

c. the number of bite-marks on the tree (Table 4.5) 

The magnitude of the damage was calculated by adding the three scores that were allocated to 

the tree, using Tables 4.3, 4.4 and 4.5, so that the maximum would be: 5+5+5=15.  

TCI (QL)b: The tree condition for each tree.  

This was scored against three six-point rating scales for the following parameters: 

a. Condition of the tree‘s crown (Table 4.6) 

b. Number of dead branches (Table 4.7) 

c. Percentage of termite damage to the tree stem (Table 4.8). 

 

TCI (T) is an additive index.  

This was calculated by combining the total score obtained in TCI (QN) and the total score 

obtained in TCI (QL). TCI (QN) and TCI (QL) each had a potential range of 0-15, and TCI (T) 

had a potential range of 0-30. Low scores represent undamaged and/or lightly damaged trees 

that were in a good condition, and high scores represent severely damaged trees that were 

either dead or in an extremely poor condition. 

The tree condition of individual trees was then calculated by adding the three scores allocated 

to the tree, using Tables 4.6, 4.7 and 4.8, giving a maximum score of 5+5+5=15. 
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Table 4.3. Rating scale for assessing the percentage of bark-stripping. 
Category of bark-stripping: Percentage of bark-stripping: Description 

0 0 None 
1 < 20 Minor 
2 21-40 Minor-moderate 
3 41-60 Moderate 
4 61-80 Moderate-severe 
5 81-100 Severe 

 

Table 4.4. Rating scale for assessing the number of tears on the bark. 
Number of tears on the bark: Rating scale: number of tears: 

0 0 

1-2 1 

3-4 2 

5-6 3 

7-9 4 

›10 5 

 

Table 4.5. Rating scale for assessing the number of bites on the bark. 
Number of bites on the bark Rating scale: number of bites 

0 0 
1-2 1 
3-4 2 
5-6 3 
7-9 4 
>10 5 

 

Table 4.6. Rating scale for assessing the condition of the crown. 

 

Table 4.7. Rating scale for assessing the number of dead branches. 
Number of dead branches: Rating scale: number of dead branches: 

0 0 
1-2 1 
3-4 2 
5-6 3 
7-9 4 
>10 5 

 

Table 4.8. Rating scale for assessing the percentage of termite damage. 

Crown 
condition 
Category 

Percentage 
Living 
crown 

Description 

0 81-100    Crown densely covered with leaves with no apparent die-back 

1 61-80 
Tips of terminal shoots without leaves while the rest of the tree appears   
healthy 

2 41-60    Leaves present on branches 
3 21 - 40    Leaves present on branches closest to bole of the tree  
4 1-20    Few leaves, only present near bole and stems of crown  
5 0    Tree dead 

Category of termite damage to tree stem Percentage of termite damage on tree stem 

0 0 
1 < 10 
2 11- 25 
3 26- 50 
4 51 – 75 
5 76 – 100 
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4.4 Data analyses  

The statistical analyses specifically relevant to the research questions of each Chapter 5 and 

Chapter 6 are discussed separately.  

 

4.4.1  Data analyses reflected in Chapter 5: Boscia albitrunca population structure 

across different land-use types 

 

Population density per land-use type  

 

The total number of sampled trees per land-use type was converted into population densities 

(trees/ha). This was done by pooling the number of trees from each of the six transects for each 

land use type (i.e. three transects for each sample site). 

 

Size-class distributions  

 

The population status of a species can be determined by using size-class distributions (Fearon, 

2010; Cousins et al., 2014). Ten size-classes (SCs) were categorized using 5 cm increments at 

breast height, as described above (Table 4.2). Size-class distributions (SCDs) were constructed 

and graphically displayed to allow for visual comparison in Microsoft Excel (2016).  Bar-graphs 

were plotted using the size classes and the shapes were interpreted as either unimodal, reverse 

J-shape, flat or bimodal. A reverse J-shaped distribution is indicative of a healthy, ‗stable‘ and 

potentially growing population with many small trees and relatively few large trees (Condit et al., 

1998). A unimodal distribution indicates few small trees relative to many larger trees and a 

bimodal distribution indicates few intermediate sized trees with many large and small trees 

(Everard et al., 1995).  

  

Percentage of single- and multi-stemmed trees 

 

The percentages of single-, two-, up to five-stemmed trees per land-use type were calculated 

and graphically displayed for visual comparison purposes. 

 

Population trends  

 

Numerous studies on population structures have quantified variations in structural patterns 

across populations by using size class distribution (SCD) slopes (sensu Condit et al., 1998) in 

combination with indices such as the Permutation Index, Simpsons Index of Dominance (SDI), 

and by determining quotients between successive size-classes (Wiegand et al., 2000). These 

indices assist in condensing profuse amounts of data contained in SCDs and facilitate the 
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analyses of the patterns found within and between populations (Cousins et al., 2014). SCDs 

provide a good indication of the impact of disturbance and of the successional trends in dry 

tropical forest systems (Lykke, 1998).  

 

Lykke (1998) suggests that population change in severely disturbed savanna systems is the 

most influential parameter on SCDs. Size-class distribution slopes for each land-use type in the 

current study were thus calculated to serve as indicators of population structure (Sop et al., 

2010) by using Condit et al.‘s (1998) and Lykke‘s (1998) methods in which Ordinary Least-

Squares Linear regressions are performed on the SCD data to determine the slope significance. 

The natural logarithm (ln) transformed SCD midpoint (mi) is treated as the independent variable 

and the average number of individuals in each SCD (ln(N+1)) as the dependant variable. The 

value 1 was added because some size classes have 0 individuals. Slopes of these regressions 

are referred to as SCD slopes.  

 

Population structures for each land-use type were inferred by interpreting the SCD slopes as 

per Obiri et al.‘s (2002) and Everard et al.‘s (1995) descriptions. Obiri et al. (2002) recognized 

four groups of regression slopes, viz.: (1) 0.04 indicates poor recruitment, (2) between 0.04 and 

0.1 are indicative of the occurrence of young stems at low densities, (3) between 0.1 and 0.2 

indicates a clear inverse J-shape, and (4) >0.2 indicates abundant regeneration. Negative 

slopes denote either ongoing recruitment with rejuvenation or growth suppression with more 

individuals in smaller size classes than larger ones. At even population growth, slow-growing 

species with low survival rates will have more juveniles than fast-growing species with high 

survival rates (Lykke, 1998). Weak-negative slopes and slope values around zero imply a more 

even distribution of regenerating and established trees, i.e. the occurrence of equal numbers of 

individuals in small and large size-classes, suggesting either limited recruitment or relatively 

high numbers of large plants, most likely from prior recruitment events. Positive slope values 

indicate a larger proportion of established to regenerating trees, i.e. the occurrence of more 

trees in larger than in smaller size-classes. This can indicate a population in decline due to 

limited recent recruitment but may possibly also be due to prior episodic recruitment or to 

accelerated growth across intermediate size classes (Cousins et al., 2014). The steepness of 

the slopes was used to describe the recruitment trends for each land-use type. Steep negative 

slopes are indicative of better recruitment than shallow slopes (Sop et al., 2010). R2, the 

coefficient of determination indicates the proportionate amount of variation in the dependent 

variable y explained by the independent variables x in the linear regression model. The larger 

R2 is, the more variability is explained by the linear regression model (MathWorks, 2017).  

The population stabilities of each land-use type were evaluated by determining quotients 

between successive size-classes and by displaying the results graphically. A stable population 
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is indicated by constant quotients between successive size-classes while unstable populations 

are indicated by fluctuating quotient values (Mwavu & Witkowski, 2009). 

The Permutation Index (PI) is used to determine the degree of deviation of a population from 

the monotonic decline which would be expected in a stable population (Wiegand et al., 2000). 

The absolute distances between the expected and real location, i.e. rank, of all the size classes 

are summed and the relative frequencies of the different size classes are disregarded. A 

monotonically declining population will have a P = 0 and a smooth inverse J-shaped distribution 

(Fearson, 2010). A high index (P > 0) indicates a population with larger individuals in preceding 

size classes and a discontinuous SCD (Sop et al., 2010; Venter & Witkowski, 2010) and thus 

displays a greater deviation from a monotonic decline (Wiegand et al., 2000). The following 

equation was used to determine the Permutation Index value (Wiegand et al., 2000): 

 

where k is the number of size-classes, Ji is the rank of size-class i (i =1 for the smallest trees), 

with the highest rank (Ji =1) given to the most frequent size-class. 

Simpson‘s Index of Dominance (SDI) is used to measure the evenness of size-class occupation 

(Cousins et al., 2014) and is based on the presumption that diversity is related to the probability 

that any two individuals drawn at random from a sample of the population are of the same size 

(Cousins et al., 2014). An index below 0.1 indicates that the size classes are evenly distributed 

and a value greater than 0.1 describes a population with a steep size class frequency that is 

exponentially declining (Botha et al., 2004). 

 

 

where N is the total number of trees, Ni is the number of trees in class i and k is the number of 

size-classes. 

 

 

The influence of land-use type on the variation in Lowest Reachable Foliage 

The mean Lowest Reachable Foliage was calculated for each land-use type and displayed in 

bar-graph charts that were prepared in Microsoft Excel (2016) to allow for visual comparison. 

The influence of land-use type on the abundance of Boscia albitrunca individuals  

The variance in abundance across different land-use types and size-classes was analysed in 

SPSS Version 24 (IBM, 2017) by means of the following methods  
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a. Three-Way Contingency Table was used to analyse the interaction between size-class 

and land-use type. 

b. Post hoc tests: a Chi-Square Test a Cramer's V were used to determine statistical 

significance and substantive significance. 

 

To (1) present a concise overview of and (2) contrast the population structure and stability of B. 

albitrunca trees in the different treatments, twelve attributes (denoted by the letters A-L in the 

Table 4.9) per treatment were scored against a five-point rating scale. (Attributes A and D-l are 

listed in the upper section and B and C are listed in the bottom section of Table 4.9). Attributes 

which reflected, respectively, the best up to the worst stability/population health  in accordance 

with current knowledge and substantive findings available in the literature – were allocated a 

score of 1 and ranged up to a score of 5 (Table 4.9). An Overall Population Index was then 

calculated for each land-use type by adding the scores of its attributes. An additional resource 

table, which contains a summary of the data that was used to calculate the attribute scores, was 

added.  

 

Table 4.9. Rating scale for assessing structure and stability of studied Boscia albitrunca 
populations. 
                                                                 Index: 1 2 3 4 5 

A. Density value Highest  Second-highest  Middle Second-lowest  Lowest 

D. Permutation Index values Lowest Second-lowest Middle Second-highest Highest 

E. Simpson‘s Index of Dominance values Lowest Second-lowest Middle Second-highest Highest 

F. Structure: number of single-stemmed trees Highest  Second-highest  Middle Second-lowest  Lowest 

G. Mean tree height Highest  Second-highest  Middle Second-lowest  Lowest 

H. Variance in mean tree height Lowest Second-lowest Middle Second-highest Highest 

I. Mean diameter at breast height Greatest Second-greatest Middle Second-lowest Lowest 

J. Variance in mean diameter at breast height Lowest Second-lowest Middle Second-highest Highest 

K. Lowest reachable foliage Highest Second-highest  Middle Second-lowest  Lowest 

L. Abundance (dead individuals) Lowest Second-lowest Middle Second-highest Highest 

B. Size-class distribution curve:                                                                               Index: 

Unimodal      1 

Unimodal with strong intermediate size-class dominance and absences of individuals in the higher size-classes      2 

Unimodal with strong intermediate size-class dominance and absences of individuals in the lower size-classes      3 

Interrupted unimodal: one interruption      4 

Interrupted unimodal: more than one interruption      5 

C. Regression slope:                                                                                Index: 

Negative slope value:               0 – 0.04                      poor recruitment                                                                          4  

                                                 >0.04 – 0.1                   moderately poor recruitment                                                       3 

                                                 >0.1 – 0.2                      moderately good recruitment                                                               2 

                                                 >0.2                               good recruitment                                                                         1 

  Positive slope value:                                                  very poor recruitment                                                                         5 
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4.4.2 Data analyses reflected in Chapter 6: Equid damage effects on Boscia albitrunca 

Frequency tables with summary measures and information about percentiles for the six 

dependent variables: Tree Condition Index (Quantitative); Tree Condition Index (Qualitative); 

Tree Condition Index (Total); Abundance (Living individuals); Abundance (Dead individuals) and 

Abundance (Dead stems) were generated. Frequency graphs for Abundance (Living 

individuals), Abundance (Dead individuals) and Abundance (Dead stems) were constructed and 

displayed for visual comparison purposes.  

Table 4.10 lists the independent and dependent variables.  

Table 4.10. Summary of the independent and dependent variables.  

Independent variables Dependent variables  

1. Land-use type: LU 1. Tree Condition Index (Quantitative): TCI (QN)
 

2. Size-class: SC 2. Tree Condition Index (Qualitative): TCI (QL)
 

 3. Tree Condition Index (Total): TCI (T)
 

 4. Abundance (Living individuals): A (A)
a 

 5. Abundance (Dead individuals): A (DI)
b 

 6. Abundance (Dead stems): A (DS)
f 

a
A (A): abundance of all living individuals that were recorded 

b
A (DI): abundance of all dead individuals that were recorded 

c
A (DS): abundance of the number of dead stems/individual that were recorded 

 

The variance in tree condition across different land-use types and size-classes was analysed 

and compared by using the following methods: 

Descriptive statistics 

The means, standard deviations, skewness and kurtosis of the descriptive data of the Tree 

Condition variables (TCI (QN); TCI (QL) and TCI (T)) were summarized and reported in a table 

for visual comparison purposes (Appendix A-6).  

 Evaluation of distributions for normality 

The normality of data was assessed by using the Kolmogorov-Smirnov Test with Lilliefors 

correction and the Shapiro-Wilk Test in SPSS Version 24 (IBM, 2017). Histograms, Normal Q-Q 

Plots and Detrended Normal Q-Q Plots were used as a graphical method to test the normality of 

the data further. 

Univariate analysis of variance (ANOVA) 

Univariate ANOVA inferential tests in SPSS Version 24 (IBM, 2017), using raw data, were 

conducted to compare the main effects of the two independent variables, Land Use and Size 

Class (LU and SC) as well as the interaction effect between them (LU*SC) on the Tree 

Condition Indices (TCI (QN), TCI (QL) and TCI (T)). Due to the non-normal distribution of the 
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data, the univariate ANOVAs were repeated, using log-transformed data. The estimated 

marginal means of the different land-use types and size-classes were translated into graphs for 

visual comparison purposes. An analysis of Between Subjects Effects was performed on both 

raw and log-transformed data. The data were further analyzed by pairwise comparisons using 

the Sidak adjustment for multiple comparisons to determine significant pairwise differences 

between LUs‘ and SCs‘ mean differences (MDs) in terms of variance in TCI (QN), TCI (QL) and 

TCI (T) - collectively referred to as TCIs.  

Effect size (Cohen‗s d) was used to quantify the magnitude of the differences between the 

groups, indicating the extent that the interaction effect of the different types of land-use and 

different categories of size-class had on variance in the Tree Condition Indices (TCIs).  Both 

raw and log-transformed data were analysed, and, based on benchmarks suggested by Cohen 

(1988), a value of |0.2| represents a 'small' effect size, |0.5| represents a 'medium' effect size 

and |0.8| represents a 'large' effect size (Walker, 2007). A value of 1 indicates that the means of 

the two groups differ by one standard deviation; a value of 0.5 indicates that the means differ by 

half a standard deviation; etc. (Coe, 2002).  

Profile plots for each of the Tree Condition (TCI) variables were generated in SPSS Version 24 

(IBM, 2017) and interpreted as follows:  

1. Parallel lines indicated no interaction between land-use type and size-class category for 

tree condition. 

2. Nonparallel lines indicated an interaction between land-use type and size-class category 

for tree condition.  
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CHAPTER 5 

Population Structure and Stability of Boscia albitrunca 

5.1 Introduction  

This chapter presents the results obtained from the data analysed by means of the statistical 

methods set out in section 4.4.1. The specific objectives were to (1) to present an overview of 

the Boscia albitrunca population across the land-use types in terms of population densities, 

size-class distributions, proportions of single- to multi-trunked trees and population trends and 

(2) to test how each measure of population structure (i.e. tree height, diameter and lowest 

reachable foliage) was affected by equid foraging type and intensity.  

5.2 Results  

5.2.1. Boscia albitrunca population structure across different land-use types 

5.2.1.1 Population density  

The density of B. albitrunca ranges between 40 to 55 trees/ha across all the sampled land-use 

types (mean ± S.E. = 48.66 ± 3.30 trees/ha) (Figure 5-1). The fenced-in areas exposed to 

donkeys (LU2) and the unfenced communal areas that hosted free-ranging donkeys (LU3) have 

the highest densities of B. albitrunca trees (mean ± S.E. = 55.0 ± 0.37 trees/ha and mean ± S.E. 

= 53.33 ± 0.46 trees/ha, respectively), followed by the areas that were stocked with zebras 

(LU5) (mean ± S.E. = 51.66 ±0.18 trees/ha). The control areas (LU1), i.e. the areas without any 

equid species, and the sites that were stocked with horses (LU4) have the lowest B. albitrunca 

population densities (mean ± S.E. = 43.33 ± 0.23 trees/ha and mean ± S.E. = 48.66 ± 3.30 

trees/ha, respectively). These results suggest positive effects of donkey and zebra browsing on 

B. albitrunca population density. The areas stocked with horses, however, seem to have a 

negative influence on Boscia albitrunca density. 

 
Figure 5-1. Mean Boscia albitrunca population density (total number of trees/ha ± standard error) for 
each land-use type 
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5.2.1.2 Size-class distributions and population trends  

Results obtained from the Ordinary Least-Squares Linear regressions performed on size-class 

distribution (SCD) data, are displayed in Figure 5-2 (a-e).  

None of the populations from the different land-use types conform to a typical inverse J-shaped 

curve in terms of size-class distributions. Instead, the curves rather display approximated 

unimodal distribution shapes (Figure 5-2: a-e). B. albitrunca trees were present in all land-use 

types in SC3-SC6. The enclosed donkey areas (LU2) and the areas that hosted horses (LU4) 

are characterized by an absence of individual trees in the higher size-classes (i.e. SC9 – SC10: 

DBH: >45 cm). The unfenced donkey - (LU3) and zebra treatments (LU5), however, are 

characterized by an absence of individuals in the lower size-classes, reflecting the absence of 

seedlings, saplings and juvenile trees in the smallest size class (SC1 – DBH < 5 cm). This may 

lead to a population decline if current management is maintained (Figure 5-2). The horse 

treatment (LU4) displayed an interrupted unimodal structure. 

The largest number of B. albitrunca trees in all five land-use types fall in the middle size-

classes. Size class 4 (DBH: >15 – 20 cm) exhibits the highest abundance within the study area. 

The B. albitrunca populations that occurred in the control (LU1), horse (LU4) and zebra 

treatments (LU5) are characterized by individuals mostly representative of SC4, SC5 and SC6 

(DBH: >15 cm – 30 cm) (Figure 5-2 a, d and e, respectively).  

Exposure to donkeys, however, led to a shift in size-class dominance.  B. albitrunca trees within 

SC4 (DBH: >15 – 20 cm) were the most prominent in the areas where donkeys were enclosed 

(LU2) whilst, in the areas exposed to free-ranging donkeys (LU3), individuals representative of 

SC3, SC4 and SC5 (DBH: >10 cm – 25 cm) were the most prominent. The areas which were 

exclusively exposed to zebras (LU5) were the only areas that hosted larger trees (i.e. SC9; 

DBH: >45 – 50 cm). Large trees (i.e. in the SC10 category) were absent from the fenced-in 

areas in which donkeys were kept (LU2) and also from the areas that were exposed to horses 

(LU4).  

The control areas (LU1) from which equid species were excluded, the fenced-in areas that 

hosted donkeys (LU2) and the fenced-in areas that were exposed to horses (LU4) displayed 

negative slopes. The control areas (LU1) displayed a weak negative slope and the fenced-in 

areas that hosted donkeys (LU2) displayed the steepest negative slope with a R2 value of 0.48. 

The unfenced communal areas that hosted free-ranging donkeys (LU3) displayed a flat positive 

slope (R2 ~ 0) and the areas that hosted zebras (LU5) displayed a moderately steep positive 

slope. The R2 = 0.37 value indicated that size-class explained 37% of the variability in the 

number of sampled B. albitrunca individuals in this last land-use type. LU5 furthermore 

displayed the highest Permutation Index value (36) (Table 5.1) which denoted limited recent 

recruitment of B. albitrunca. 
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Quotient analyses of Boscia albitrunca populations across all the different land use types reveal 

unstable and uneven distributions (Figure 5-2: a-e). Apart from the control areas in which wide 

fluctuations occur in the lower- to middle size-classes (i.e. where equid species were excluded 

(LU1)) (Figure 5-2: a), the widest fluctuations occur in the middle to higher size-classes of all 

other land-use types. The amplitudes of the fluctuations found for the fenced-in donkey-stocked 

areas (LU2: 0.8 units)3, the horse-stocked areas (LU4: 1.3 units) and zebra-stocked areas (LU5: 

1.2 units) are approximately 2.7 – 4.3 times larger than those found for the unfenced communal 

areas which hosted free-ranging donkeys (LU3: 0.3 units) (Figure 5-2).  

The high Permutation Index (PI) values for all the land-use types, ranging from 28-36 (Table 

5.1), indicates that all the sampled B. albitrunca populations had poor regeneration and 

discontinuous size class distributions and exhibited great deviations from a monotonic decline in 

number of individuals present in each successive size-class. The fenced-in zebra-stocked areas 

(LU5) and the unfenced communal areas that hosted free-ranging donkeys (LU3) displayed, 

respectively, the highest – and lowest  levels of discontinuity.  

The Simpson‘s Index of Dominance (SDI), with SDI > 0.1 < 0.4 for all the land-use types, 

suggests that these populations have unevenly distributed size-class frequencies that decline 

exponentially (Table 5.1). Among the five land-use types, the size classes of the equid-free 

control areas (LU1) are the most evenly distributed (SDI = 0.142) and the horse-stocked areas 

(LU4) (SDI = 0.185) are the most unevenly distributed.  

 

Table 5.1. Ordinary Least Squares (OLS) slopes, Permutation Indexes (PI) and Simpson‘s 
Index of Dominance for different land use types4.  

 R
2 OLS 

slope 
PI 

Simpson‘s Index of 
Dominance  

Land use 1 0.0224 -0.087 31 0.142 

Land use 2 0.4835 -0.369 30 0.174 

Land use 3 0.0008 0019 28 0.179 

Land use 4 0.0565 -0.136 34 0.185 

Land use 5 0.3718 0.321 36 0.157 

 

                                                           
3
 Amplitudes of fluctuations: measured from lowest- to highest vertical axis value 

4 LU1= stocked with local game without equid species; LU2= donkeys kept with local game species in enclosed camps; LU3= free ranging 

donkeys and local game species; LU4= horses kept with local game species in enclosed camps; LU5= zebras kept with local game species in 

enclosed camps 
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5.2.1.3 Percentage of single and multi-stemmed trees 

The B. albitrunca populations in the study area were dominated by single-stem individuals (> 

60%) (Figure 5-3: a-f). Land use types 1, 2, 3 and 5 recorded on average 20% two-stemmed 

individuals with the exception of two-stemmed B. albitrunca trees in land use type 4. The 

greatest abundance of two-stemmed trees was recorded for the fenced-in areas that were 

exposed to donkeys (LU2), followed by abundances that were recorded for communal areas 

that were exposed to free-ranging donkeys (LU3) and areas that were stocked with zebras 

(LU5). The lowest abundance of two-stemmed trees was recorded for the areas that were 

stocked with horses (LU4), i.e. ≈2.5 to 3 times lower than that of the areas that were exposed to 

donkeys and zebras. The fenced-in donkey-stocked areas (LU2) reflected the highest 

percentage of multi-stemmed trees per land-use type. No four- or five-stemmed trees were 

recorded in the unfenced areas that hosted free-ranging donkeys (LU3). 
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Figure 5-2. Size-class distribution slope graphs per land-use type (left) accompanied by quotient graphs 
(right) for each respective land-use type

5
. 

                                                           
5 (a) Land Use 1: stocked with local game without equid species; (b) Land Use 2: donkeys kept with local game species in enclosed camps, (c) Land 

Use 3: free ranging donkeys and local game species; (d) Land Use 4: horses kept with local game species in enclosed camps and (e) Land Use 5: 

zebras kept with local game species in enclosed camps. 
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Figure 5-3. Contribution of single stems (i.e. 1 on X-axes) and different multi-stemmed categories (i.e. 2–
5 on X-axes) to the Boscia albitrunca populations in the study area

6
 

 

                                                           
6 a) Land-Use 1: stocked with local game without equid species; b) Land Use 2: donkeys kept with local game species in enclosed camps; c) Land 

Use 3: free ranging donkeys and local game species; d) LU4: horses kept with local game species in enclosed camps; e) Land Use 5: zebras kept 

with local game species in enclosed camps and f) the entire studied population 
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5.2.2 The effects of land-use type on the variation in tree height, diameter at breast     

height, lowest reachable foliage and abundance 

 

5.2.2.1 Tree height  

The results from the One-way ANOVA (Appendix 2: Table A-2.1) revealed that land-use type 

does not have a statistically significant effect on the variation in tree height in B. albitrunca 

populations that were subjected to different land management regimes (F4.1 = 2.160, p = 0.077).  

Practical significance tests (i.e. effect size calculations (Appendix 2: Table A-2.2)), however, 

revealed that free-ranging donkeys (LU3) had a moderately significant effect on tree height by 

exhibiting a lower mean tree height than that of the populations that occurred in areas that were 

stocked with zebras (LU5) (d = 0.64), areas where equid species were excluded (LU1) (d = 

0.51) and areas that were exposed to horses (LU4) (d = 0.58). The mean tree height of the 

sampled populations was 5.313 ± 0.105 m (mean ± S.E.)  The unfenced communal areas, 

which hosted free-ranging donkeys (LU3) and the fenced-in donkey-stocked areas displayed, 

respectively, the lowest and second-lowest mean tree heights (LU3: mean ± S.E. = 5.153 ± 

0.259 and LU2: mean ± S.E. = 4.843 ± 0.197). The highest mean tree height was recorded in 

the zebra-stocked areas (LU5) (mean ± S.E. = 5.633 ± 0.161), followed, in decreasing order, by 

the horse-stocked areas (LU4) and the equid-free control areas (LU1) (Figure 5-4 (a) and 

Appendix 2: Table A-2.2). 
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Figure 5-4. Estimated marginal means, including standard error bars, of tree height (a) and diameter at breast height (b) across the different land-use types. Note: 
The Y-axes in both figures have been truncated for visual enhancement purposes and thus, in the case of the graph reflecting mean tree height, does not reflect the 
values between zero and 4 m and, in the case of the graph reflecting mean diameter at breast height, does not reflect the values between zero and 15 cm

7
. 

                                                           
7 LU1= stocked with local game sans equid species; LU2= donkeys kept with local game species in enclosed camps; LU3= free ranging donkeys and local game species; LU4= horses kept with local game species in enclosed 

camps; LU5= zebras kept with local game species in enclosed camps 

(b) (a) 
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5.2.2.2 Diameter at breast height 

 

The results from the One-way ANOVA (F4.1 = 4.233, p = 0.003) (Appendix 2: Table A-2.1) 

revealed land-use type to have a statistically significant effect on the variation in diameter at 

breast height (DBH) in B. albitrunca populations that were subjected to different land 

management regimes. The mean DBH of the sampled populations was 23.424 ± 0.814 cm 

(mean ± S.E. = 5.313 ± 0.105). The lowest mean DBH was recorded in the fenced-in areas in 

which donkeys were kept (LU2) (mean ± S.E. = 19.861 ± 1.481) (Figure 5-4: b and Appendix 2: 

Table A-2.2) and the highest mean DBH was displayed by the areas that were stocked with 

zebras (LU5) (mean ± S.E. = 29.107 ± 1.926). 

Practical significance tests (i.e. effect size calculations (Appendix 2: Table A-2.2)) revealed that 

the mean DBH in zebra-stocked areas (LU5) is significantly higher than in the fenced-in donkey-

stocked areas (LU2) (d = 0.98), the equid-free control areas (LU1) (d = 0.79), the unfenced 

areas on which free-ranging donkeys were kept (LU3) (d = 0.62) and the areas that were 

exposed to horses (d = 0.64).  

The comparison of the different land-use types, in terms of both variance in mean tree height 

and mean DBH across each land-use type‘s transects (Figure 5-5) reflects that the areas that 

hosted horses (LU4) display the least variance, followed by the fenced-in donkey-stocked areas 

(LU2) and the unfenced communal areas that hosted free-ranging donkeys (LU3) which display, 

respectively the second- and third lowest variance. The zebra-stocked areas (LU5) and the 

equid-free control areas (LU1) reflect greater variance in mean tree height and mean DBH 

across the sampled transects.  
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Figure 5-5. Profile plots of estimated marginal means of tree height and diameter at breast height per 
transect to illustrate variation within land-use treatments

8
. 

 

                                                           
8 LU1= stocked with local game without equid species; LU2= donkeys kept with local game species in enclosed camps; LU3= free ranging 

donkeys and local game species; LU4= horses kept with local game species in enclosed camps; LU5= zebras kept with local game species in 

enclosed camps 
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5.2.2.3 Lowest reachable foliage and bite mark heights of Boscia albitrunca per land -use 
type  

Boscia albitrunca in the unfenced areas that were exposed to free-ranging donkeys (LU3) 

exhibited the lowest mean reachable foliage (2 m above ground level and > 0.6 m lower than 

the mean of the lowest reachable foliage that was recorded for each of the other four land-use 

types) (Figure 5-6). The mean values of lowest reachable foliage for all the remaining land-use 

types vary within a 0.13 m range. In such areas, B. albitrunca‘s foliage was rendered 

inaccessible to the different equid species as the mean maximum height recorded for bitemarks 

on B. albitrunca tree stems (measured from ground level to the top of the highest bitemark) was 

1.55 m for both the fenced and unfenced areas that hosted donkeys (LU2 and LU3, 

respectively); 1.74 m for horses (LU4) and 1.07 m for zebras (LU5) (Appendix 2: Table A-2.3). 

 

 
Figure 5-6. Heights in metres (mean ± standard error) of the lowest reachable foliage of Boscia 
albitrunca above ground level per land-use type

9
.  

 

5.2.2.4 Abundance of Boscia albitrunca trees per land-use type  

The frequency of living to dead tree individuals across all land-use types was 11:1 (Table 5-2 

and Appendix 3: Table A-3).  

The total number of living individuals across all five land-use types reflected a near unimodal 

distribution curve and a flat negative slope (R2 ~ 0) which suggests that near-even distributions 

of regenerating and established B. albitrunca individuals, i.e. equal numbers of individuals in 

small and large size-classes, occur in this land-use type (Figure 5-7: a). The greatest 

abundances in living individuals per size-class category were recorded for SC4, SC5 and SC6 

(DBH: >15 cm – 30 cm) (Figure 5-7: a).  

                                                           
9 LU1= stocked with local game without equid species; LU2= donkeys kept with local game species in enclosed camps; LU3= free ranging 

donkeys and local game species; LU4= horses kept with local game species in enclosed camps; LU5= zebras kept with local game species in 

enclosed camps 
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The highest total abundances (i.e. the total amount of living- and dead individuals) were found 

in the donkey treatments (LU2 and LU3) (Table 5-2). The highest abundance of dead 

individuals was recorded in the fenced-in areas that hosted donkeys (LU2) with the greatest 

abundances of dead individuals per size-class category recorded in this treatment‘s SC2, SC3 

(DBH: >5 cm – 15 cm) and SC6 (DBH: >25 cm – 30 cm) (Figure 5-7: b and Table 5.2). 

The occurrences of one dead stem/tree were observed in the control areas (LU1) and the 

zebra-stocked areas (LU5) and two dead stems/per tree were observed in the areas that were 

exposed to fenced-in donkeys (LU2) and free-ranging donkeys (LU4) (Table 5-2). 

Table 5.2. Total abundance values of living and dead individuals, frequency of dead individuals 
and ratio of living to dead individuals per land-use type10. 

 Total abundance  
Frequency of dead 

individuals 
Ratio Living: Dead 

 Living Dead 
Total: 

Living and dead 
One dead stem/tree Two dead stems/tree   

LU1 25 1 26 1 0 3.85% 25:1 

LU2 24 10 34 0 1 29.41% 2:1 

LU3 32 0 32 0 1 0.00% 32:0 

LU4 24 0 24 0 0 0.00% 24:0 

LU5 30 1 31 1 0 3.22% 30:1 

ALL 135 12 157 2 2  11:1 

 

The results of the Three-Way Contingency Test revealed that the interactive effect of land-use 

type and size-class category (LU*SC) significantly affects the variance in abundance of living 

individuals that occur in all the different land-use types (Table 5.3 and Appendix 4: Table A-4). 

Table 5.3. Pearson Chi-Square values, Phi- and Cramer‘s V values per land-use type11 
Treatment Pearson Chi-Square Symmetric Measures 

 

 
Value df 

Asymptotic 
Significance (2-sided) 

  Value Approximate Significance 

Land Use 1 20.505 9 .015 Phi .549 .015 

    
Cramer's V .549 .015 

Land Use 2 32.765 9 .000 Phi .665 .000 

    
Cramer's V .665 .000 

Land Use 3 40.074 9 .000 Phi .762 .000 

    
Cramer's V .762 .000 

Land Use4 33.512 9 .000 Phi .713 .000 

    
Cramer's V .713 .000 

Land Use 5 21.074 9 .012 Phi .537 .012 

    
Cramer's V .537 .012 

Total 103.794 9 .000 Phi .545 .000 

    
Cramer's V .545 .000 

                                                           
 
8, 10 and 11

 LU1= stocked with local game without equid species; LU2= donkeys kept with local game species in enclosed camps; 

LU3= free ranging donkeys and local game species; LU4= horses kept with local game species in enclosed camps; LU5= zebras 
kept with local game species in enclosed camps 
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Figure 5-7. (a): total number of living B. albitrunca individuals across all five land-use types. Number of 
living individuals/size-class (denoted by black bars) and number of dead individuals/size-class (denoted 
by striped bars) in (b): LU1, (c): LU2 and (d): LU5

12
   

 

                                                           
12

 LU1= stocked with local game without equid species; LU2= donkeys kept with local game species in enclosed camps; LU5= 

zebras kept with local game species in enclosed camps.  Dead Boscia albitrunca individuals were only recorded in LU1, LU2 and 
LU5. 
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The Chi-Square Test indicates that there is a statistically significant interaction effect of land-

use type and size-class category (LU*SC) on the abundances of living individuals across all five 

land-use types (Table 5.3). The probability associated with the Chi-Square statistic is less than 

0.05.  

The LU*SC interaction has the largest effect on B. albitrunca abundances in unfenced areas 

exposed to free-ranging donkeys (LU3, Table 5.3), which decreases in this order: areas that 

were stocked with horses (LU4), fenced-in areas stocked with donkeys (LU2), areas that were 

stocked with zebras (LU5) and control areas with no equid species (LU1).  

The Cramer‘s V test (Table 5.3) indicates that the association between the variables, i.e. the 

interaction of the land-use type and size-class category (LU*SC) and the abundance of living 

individuals, in all five land-use types is large (Table 5.3).  

5.2.2.5 Overview of Boscia albitrunca population structure and stability 

An Overall Population Index (contained in Table 5.4 and described in section 4.3.1) presents a 

concise overview of the population structure and stability of B. albitrunca trees in the different 

land-use types/treatments. Table 5.5 contains a summary of the data that was used to calculate 

the attribute scores.  

B. albitrunca populations across the land-use types differed considerably in terms of population 

stability attributes, which may suggest that the population structure and stability of this species 

could be affected by a combination of environmental factors and not only by equid bark-

stripping (Table 5.5). However, the ranking of the different land-use types according to the 

Overall Population Index (Table 5.4) supports the hypothesis which states that the structure and 

stability of Boscia albitrunca populations vary significantly across land-use types. In particular, 

when compared to the areas that were exposed to the different equid species, the equid-free 

control areas displayed the best population structure and stability.  
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Table 5.4. Overall Population Index of studied Boscia albitrunca trees. Note that highest population structure and stability is indicated by the lowest overall 
ranking value (i.e. 1) 
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Table 5.5. Summary of data used to calculate the attribute scores contained in Table 5-4 
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LU2 55.00 0.48 -0.37 30 0.17 63.64 5.15 19.86 2.65 10   

LU3 53.33 0.00 0.02 28 0.18 75.00 4.84 23.26 1.96 0   

LU4 40.00 0.06 -0.14 34 0.19 84.00 5.57 23.08 2.59 0   

LU5 51.66 0.37 0.32 36 0.16 72.84 5.63 29.11 2.72 1   
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5.3 Discussion   

Before the current study was conducted, it was expected that, amongst the different equid species 

and based on prior research (Aganga et al., 2000), bark-stripping by donkeys would have the 

highest impact on B. albitrunca population structure and stability. Horses were observed to exhibit 

feeding behaviour similar, but less intensive, than that of donkeys with respect to B. albitrunca bark 

stripping, and were therefore expected to have a lower impact. Although very little is known about 

the feeding behaviour of zebras on B. albitrunca trees, they were nonetheless expected to have 

the least impact on B. albitrunca population structure and stability even though they are primarily 

characterized as roughage grazers grouped under the bulk feeder grazing guild (Estes, 1999). 

 

5.3.1 B. albitrunca population density and multi-stemmed individuals 

Browsing by herbivores is known to exert strong adaptive pressures on trees (Staver et al., 2009) 

and the vegetative regeneration capacities of many species in arid environments are considered to 

have an advantage over sexual regeneration (Bognounou et al., 2010) by permitting species to 

sustain regular recruitment and stable populations (Sop et al., 2010). Resprouting has evolved as a 

key functional trait in face of recurrent losses of biomass (Linstädter, 2009). The ability of B. 

albitrunca to produce both coppice- and agony shoots, coupled with its multi-stemmed regrowth 

capability (Staver & Bond, 2014) is hence viewed as an important survival mechanism, which 

makes this species more resilient to bark-damage (Delvaux et al., 2009) and permits it to sustain 

its persistence even in the absence of seed generation. As the adverse impact of bark-stripping on 

the B. albitrunca populations may be compensated by its asexual regeneration, the relatively 

higher population densities reflected by the donkey-stocked areas (LU2 and LU3), compared to the 

otehe land-use types, as well as the high percentages of multi-stemmed trees in all the land-use 

types, could most likely be attributed to a higher abundance of coppice stems within the B. 

albitrunca populations and not to recruitment13 per se.  

The relatively high number of multi-stemmed trees that were recorded in the areas that were 

exposed to donkeys (LU2 and LU3) is in accordance with the findings of Reed et al. (2008) in 

which it was stated that, although Boscia species display limited regeneration and stunted growth, 

they seem to be able to grow under high browsing pressures. Moleele et al. (2002) in fact rate B. 

albitrunca an encroacher species and, in accordance with the findings of Reed, et al. (2008), 

suggest that a surge in abundance of this species may be applied as an indicator of degradation in 

grazing areas.  

                                                           
13

 Copping: the capacity of trees to put out new shoots from their stump or roots. Recruitment: the process in which 
seeds establish in an area and grow into new mature individuals. 
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In the current study, the lowest mean density as well as lowest abundance of two-stemmed trees in 

the areas that hosted horses (LU4) suggests that the presence of horses has a much weaker effect 

on coppicing compared to areas exposed to other equids.  

The scores/attributes allocated to each land-use treatment in terms of density and structure was 

based on research outcomes which suggest that high densities and single-stemmed individuals 

reflect healthier populations (Ouédraogo et al., 2015). 

5.3.2 Size class distributions and quotients between successive size-classes 

The size-class distributions for B. albitrunca populations in each land-use type approximated 

unimodal distribution curves with most trees in the 10-40 cm DBH classes.  Unimodal-shaped size-

class distributions, as observed in several long-lived, slow-growing species (Venter & Witkowski, 

2010), were, however, reported not to be indicative of declining or unstable populations. This type 

of distribution was deemed to be due to the ability of abundant mature individuals to sustain 

populations despite low or episodic recruitment. As a slow-growing species (Van Wyk, 1984) with a 

multi-stemmed regrowth capability (Van der Walt & Le Riche, 1999), B. albitrunca populations thus 

appear to adopt an ‗adult-persistence survival strategy‘ (Cousins et al., 2014). The implication for 

B. albitrunca is that there is no immediate threat to its survivability in the study area. 

Quotient analyses of B. albitrunca populations revealed unstable and uneven distributions across 

all different land use types. Simpson‘s Index of Dominance values furthermore indicated that all 

sampled B. albitrunca populations had unevenly distributed size-class frequencies that declined 

exponentially. The fluctuations in the lower to middle size-classes, exhibited in the treatments 

(LU2, LU3, LU4 and LU5) that were subjected to equid-induced bark damage, as opposed to 

fluctuations in the middle to higher size-classes exhibited in the equid-free control areas (LU1), 

however, suggest that exposure to equid species does have a notable effect on B. albitrunca 

populations.   

The high Permutation Index (PI) values for all the land-use types, ranging from 28-36, indicate that 

all the sampled B. albitrunca populations had poor regeneration and discontinuous size class 

distributions. The high PI values furthermore indicate that recruitment bottlenecks or irregular 

recruitment took place in all the land-use types. These populations also exhibited great deviations 

from a monotonic decline in the number of individuals present in each successive size-class. The 

zebra-stocked areas (LU5) furthermore displayed the highest Permutation Index value which 

denoted limited recent recruitment and suggested a hampering of seedling establishment and 

impeded growth. A comparison of the two donkey treatments with the other treatments  in terms 

of Permutation Index (PI) values and quotient analyses –indicates that the unfenced communal 

areas that hosted free-ranging donkeys (LU3) and the enclosed donkey-stocked areas (LU2) 

displayed, respectively, the lowest- and second-lowest levels of discontinuity and degree of 
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deviation from a monotonic decline amongst all the land-use types. This suggests that exposure to 

donkeys has a greater impact on B. albitrunca populations than exposure to other equid species. 

The amplitudes of fluctuations displayed by the fenced-in donkey-stocked areas (LU2) are 

approximately twice as high those displayed by the unfenced communal areas that hosted free-

ranging donkeys (LU3), suggesting that the B. albitrunca populations of the fenced-in donkey-

stocked areas are likely to be more sensitive to bark-stripping than those in the unfenced donkey-

stocked areas. The implication here is that, where donkeys are kept enclosed, greater attention 

should be paid to stocking levels. 

 

Moderate to shallow negative regression slopes suggest potential future population growth for the 

enclosed donkey-stocked areas (LU2), the horse-stocked areas (LU4) and the equid-free control 

areas (LU1) and furthermore indicate that, amongst all the land-use types, the fenced-in donkey 

stocked areas (LU2) hosted the healthiest B. albitrunca recruitment. As browse traps are well-

recognized for near-natural savannas and are attributed to the high resprouting abilities of trees, 

these negative slopes, are, however, most likely indicative of growth suppression, particularly in 

the control (LU1), unfenced equid (LU3), horse (LU4) and zebra (LU5) treatments. Growth 

suppression has been characterized by missing size-classes between juveniles and adults 

(Ouédraogo et al., 2015). The high juvenile proportion reflected by the fenced-in donkey-stocked 

areas (LU2) could therefore most likely be attributed to a browse trap, as, according to Ouédraogo, 

et al. (2015) juvenile-dominated populations in all land-use types indicate that the escape of 

saplings to mature vegetation is their main demographic bottleneck. The flat positive regression 

slope (R2 ~ 0) displayed by the unfenced communal areas that hosted free-ranging donkeys (LU3), 

suggests that current management practices are hampering recruitment (Venter & Witkowski, 

2010). This flat regression slope, caused either by rapid growth that took place in the small size 

classes or by a high overall survival rate (Condit et al., 1998), furthermore suggests that the B. 

albitrunca populations on this land-use type are likely to remain stable. Despite limited recruitment, 

juveniles under such management seem to have a high chance of becoming adults (Lykke, 1998).  

Contrary to what was expected, the moderately steep positive slope displayed in the areas that 

hosted zebras (LU5) denotes that the B. albitrunca populations that occur on this land-use type are 

populations in decline. This trend can most likely be attributed to limited recent recruitment, the 

hampering of seedling establishment and impeded growth, prior episodic recruitment or 

accelerated growth across intermediate size classes (Sop et al., 2010). This is in sharp contrast to 

the results that were obtained by O‘Connor and Goodall (2017) in their study conducted in the 

Venetia-Limpopo Nature Reserve wherein a well-defined reverse-J structure with a negative 

regression slope was displayed by B. albitrunca populations, despite the fact that a third of the 

canopy volumes of more than 80% of these individuals had been consumed by browsers.  The 

only equid species that these B. albitrunca populations were exposed to were Burchell‘s zebra 
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(Davies-Mostert et al., 2013). The fitted mixture model that was used in their study, however, 

indicated that B. albitrunca regeneration had recently declined, as the dominant state was 

comprised of small, but not the smallest individuals.  

In the current study, the lower abundances of individual B. albitrunca that occurred in the size-

classes preceding Size-Class 4 (DBH: < 15cm) and the high Permutation Index values reflected by 

all the B. albitrunca populations across the five different land-use types could most likely be 

attributed to (1) inhibited regeneration,  (2) irregular recruitment episodes, (3) B. albitrunca‘s slow 

growth rate (Van Wyk, 1984), (4) the decline in growth rate of saplings or juvenile trees recovering 

from bark-stripping injuries (Van Lerberghe, 2015) or (5) a browse-trap created by chronic 

herbivory (Staver et al., 2009).  

 

Apparent gaps in recent regeneration, displayed in the equid-free control areas (LU1), the 

unfenced areas that hosted free-ranging donkeys (LU3) and the zebra-stocked areas (LU5) 

correlate with the findings of O‘Connor and Goodall (2017) that revealed that most of the studied 

species in the Venetia-Limpopo Nature Reserve were similarly characterized by apparent gaps in 

recent regeneration. The small sizes and limited structural support of seedlings and saplings 

(Miranda et al., 1993) could contribute to the vulnerability to prevailing environmental perturbations, 

herbivory, trampling and other mechanical damage by browsers of individuals in size class 1, 

preventing seedling establishment (Bognounou et al., 2010). The low abundances in Size-Classes 

1 to 3 (DBH: < 15cm) could furthermore have been brought about by the stress of bark removal, 

which, even where coppice production is prolific, has been found to increase the mortality of the 

exploited plant species in its early life stages (Cunningham, 2001) by resulting in partial- or total 

crown die-back (Kuiters et al., 2006). O‘Connor and Goodall (2017) reported that small B. 

albitrunca individuals occurring in the Venetia-Limpopo Nature Reserve were heavily browsed. 

 

As Size-Class 4 (DBH: >15 – 20 cm) exhibited the highest abundance in the general B. albitrunca 

populations that occurred in the study area, it is most likely that the trees preceding Size-Class 4 

(DBH: < 15 cm) and  in the case of the areas that were exposed to free-ranging donkeys (LU3)  

trees preceding Size-Class 3 (DBH: < 10 cm), were released from browsing suppression, which 

permitted more individuals to grow into higher size-classes (Staver & Bond, 2014). The largest 

number of trees in all five treatments fell in to the middle size-classes, suggesting that prior 

episodic recruitment or accelerated growth across intermediate size classes might have led to this 

occurrence of more trees in larger than in smaller size-classes (Sop et al., 2010). At the same time 

the individuals in the middle-size classes were better able to withstand environmental 

perturbations. Severe drops in abundance between the majority of the higher size-classes, as well 

as the lack of/low-medium frequency of large trees in the SC9 and SC10 categories across all the 
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different land-use types, suggest a common influence such as pulsed regeneration, recruitment 

and mortality brought about by changes in environmental conditions (O‘Connor & Goodall, 2017).  

 

The results pertaining to size-class distributions described above contrast with the results reported 

by Mugabe et al. (2017). They stated that Boscia species‘ density and establishment are affected 

by the destruction of juvenile trees and the mortality of mature trees by donkeys feeding on the 

bark of the trees during dry seasons. This abundance pattern described by Mugabe et al. (2017) 

was, however, not exclusively reflected in the donkey treatments of the current study but was 

instead found to be common in all five land-use types. 

 

5.3.3 Tree height and diameter at breast height 

The lowest mean tree height reflected in the unfenced donkey treatment (LU3) suggests that 

donkeys suppress B. albitrunca tree height due to (1) continuous pruning that may cause reduction 

in tree height (Tavankar et al., 2015; Tonguc & Guner, 2017), or (2) bark-stripping and ring-

barking/girdling that may have a dwarfing effect on plant size (Zwieniecki et al., 2004).  

Research results which revealed that regeneration in Miombo Woodlands decreased with 

increasing tree diameter (Sangeda & Maleko, 2018) could, conversely, explain the lowest mean 

diameter at breast height of the B. albitrunca populations that occurred on the enclosed donkey-

stocked areas (LU2), as amongst all the land-use types this treatment exhibited the highest density 

and the highest percentage of three-, four- and five-stemmed trees. This is furthermore in 

accordance with Shackleton and Clarke‘s (2007) findings which revealed that a reduction in the 

number of coppice shoots by thinning, browsing or fire will result in fewer, but longer and thicker, 

shoots per stump.  

Based on findings that suggest (1) that height growth is likely to represent the activity of new-leaf 

production of an individual and (2) that an evergreen tree, due to its longevity, must turn over 

leaves to survive even if the tree is growing under suppressed conditions, Sumida et al. (2013) 

interpret stem growth as an increase in the sapwood area in the region below the crown necessary 

to sustain the increasing amount of leaves. Conversely, suppressed trees with decreasing amounts 

of leaves may not have to increase their sapwood area in the region below the crown if the existing 

sapwood area below the crown is adequate. Amongst all the land-use types in the current study, 

the highest mean tree height and highest mean diameter at breast height of the B. albitrunca 

occurred on the zebra-stocked areas (LU5), and the lowest mean diameter at breast height of the 

B. albitrunca populations occurred on the enclosed donkey-stocked areas (LU2).  These could be 

explained by the above interpretation of stem growth provided by Sumida et al. (2013). It could 

also be suggested that the zebra treatment (LU5) had the least negative impact on B. albitrunca 
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population in terms of tree height and diameter at breast height. This could furthermore explain that 

the donkey treatments (LU2 and LU3) most likely played a role in suppressing B. albitrunca tree 

height, as both treatments displayed a lower variance in mean tree height and mean diameter at 

breast height across the sampled transects than did the zebra-stocked areas (LU5).  

The retarded growth of young trees that were exposed to bark-stripping (Prinoble Guide, 2014) is 

thought to be caused by their gradual recovery from injuries (Van Lerberghe, 2015).  

The scores/attribute allocated to each land use treatment in terms of tree height and diameter at 

breast height in the current study were based on research outcomes,  which suggest that the high 

mean tree height and high mean diameter at breast height reflect healthier populations (Tonguc & 

Guner, 2017; Sangeda & Maleko, 2018). 

 

5.3.4 Lowest reachable foliage 

Boscia albitrunca populations that occurred in the unfenced areas that were exposed to free-

ranging donkeys (LU3) were clearly distinguishable from those in the other four treatments by 

exhibiting a mean lowest reachable foliage that was > 0.6 m lower.  This lowest mean reachable 

foliage could be attributed to this treatment‘s low mean tree height. Research on the relationships 

between several commonly employed tree parameters concluded that, as tree height increases 

with growth, the crown base (i.e. lowest reachable foliage) also increases in height above the 

ground (Sumida et al., 2013; Rupšys & Petrauskas, 2017).   

The inaccessibility of B. albitrunca foliage to ungulates, due to the unreachable height of its foliage 

above ground level, was also observed in the Gaborone area of Botswana by Mugabe et al. 

(2017). When taking into account the fact that  B. albitrunca‘s lowest browse line was higher than 

the mean maximum height recorded for bitemarks made by equid species on its tree stems and 

that its foliage was inaccessible to even large antelopes such as Greater Kudu (Tragelaphus 

strepsiceros)14, it  can be inferred that B. albitrunca might have the capacity to escape from 

browser traps by growing beyond the browse height (Bakker et al., 2016) or it might, due to 

debarking,  respond similarly to Vachellia karroo trees in which debarking by goats has been 

observed to bring about rapid vertical growth (Scogings & Macanda, 2005). 

 

It may be borne in mind that B. albitrunca‘s essentially undisturbed foliage15, its status as a 

protected tree and its use as a source of shade, rather than fuelwood, in the communal area‘s 

drylands (Tshisikhawe & Malunga, 2017), should permit good seed production. 

                                                           
14

 The Greater Kudu (Tragelaphus strepsiceros is known to browse on B. albitrunca (Hooimeijer, 2005) and its mean 
browsing height has been recorded as 1.80m-1.85m (Estes, 1991) 
15

 B. Albitrunca foliage is inaccessible to most equid- and ungulate species due to its height above ground 
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Also, species that grow in areas subject to frequent disturbances sprout more vigorously and retain 

their capability to sprout longer than species that grow in areas subject to less frequent 

disturbances (Del Tredici, 2001). As no B. albitrunca seedings were observed in the study area (K. 

Marais, personal observation) - although flowers and seeds were observed in the subsequent year 

despite the drought - B. albitrunca’s density and establishment seem to have been affected by 

bark-stripping, and in particular by donkeys. This observation is in accordance with other studies 

such as Mugabe et al. (2017) on fodder trees.    

The score/attribute allocated to each treatment in terms of lowest reachable foliage was based on 

research outcomes which suggest that the higher the lowest reachable foliage, the healthier the 

population (Scogings & Macanda, 2005; Mugabe et al., 2017). 

5.3.5 Abundance per land-use type  

The areas that were exposed to enclosed (LU2) and free-ranging donkeys (LU3) displayed, 

respectively, the highest-and second highest total abundances of B. albitrunca individuals 

(including dead individuals) amongst all the land-use types. The enclosed donkey treatment (LU2) 

furthermore reflected the highest abundance of dead individuals and, with the unfenced donkey 

treatment, reflected two dead stems/per tree.  

The higher total abundances and abundances of dead B. albitrunca individuals exhibited by the 

fenced-in donkey treatment (LU2), when compared to that of the unfenced donkey treatment 

(LU3), could be due to various possibilities: (1) fenced areas are more environmentally destructive 

than open communal systems (Guldemond & Van Aarde, 2008; Schneiderat, 2011), (2) the 

production of secondary trunks through sprouting is viewed as an induced response to injury or to 

a dramatic change in surrounding environmental conditions (Del Tredici, 2001), and (3) reports of 

bark-stripping outbreaks that occurred in fenced-in areas were found to result in the occurrence of 

high levels of damage over short periods of time (Danell et al., 2006). This is also in accordance 

with Mugabe et al.‘s (2017) findings on fodder tree species that occurred in fenced areas and 

unfenced communal grazing areas, which revealed that the highest mean density of tree species 

occurred in the fenced areas.  

In the current study, the higher proportion of dead B. albitrunca individuals recorded in the low- to 

intermediate size-class categories (i.e. SC1 - SC4 and SC6) in three of the land-use treatments 

indicated that smooth-barked young trees were significantly more exposed to damage than older 

individuals with a rough bark structure. This is in accordance with various research results that 

indicate that the susceptibility of trees to bark-stripping is strongly age- and size-dependent (Ihwagi 

et al., 2010), and that high damage rates are generally found to occur at the smaller diameter at 

breast height classes (Kuiters et al., 2006). Research furthermore suggests that the stress of bark 

removal is considered to increase the mortality of the exploited plant species in its early life stages 
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due to partial or total crown die-back (Kuiters et al., 2006). Morphological factors such as 

thickness, hardness and coarseness of the bark (Kuiters et al., 2006) and difficulty of bark removal 

(Gill, 1992) all limit the amount of bark-stripping.  

The Chi-Square Test indicated that there is a statistically significant interaction effect of land-use 

type and size-class category (LU*SC) on the abundances of living individuals across all five land-

use types (Table 5.3). The probability associated with the Chi-Square statistic is less than 0.05.  

thus indicating that it would be acceptable to generalize from the sample to the population and 

conclude that these interaction effects are relevant to the B. albitrunca population level.  

The Cramer‘s V test indicates that the association between the variables, i.e. the interaction of the 

land-use type and size-class category (LU*SC) and the abundance of living individuals, in all five 

land-use types is large, thus suggesting that B. albitrunca populations will exhibit observable 

variances in abundance when subjected to different land management regimes.  

The score/attribute allocated to each land use treatment in terms of abundances of dead B. 

albitrunca individuals was based on research outcomes that suggest that high abundances of dead 

individuals are indicative of poor population health (Bakker et al., 2016; Mugabe et al., 2017). 

 

Deviations from the ranking predicted at the beginning of this of land-use types in terms of the 

population stability of the sampled B. albitrunca populations could be linked to the absence of 

individuals in the lower size-classes (DBH: ≤10 cm) of both the zebra- (LU5) and the unfenced 

donkey treatment (LU3).  

 

The ranked results of the Overall Population Index suggest that, amongst the different equid 

species, donkeys and zebras have the highest impact on B. albitrunca population structure and 

stability, followed by horses which have a notably smaller impact. 
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CHAPTER 6 

Equid damage effects on Boscia albitrunca 

6.1 Introduction  

This chapter presents the results obtained from the data analysed by means of the statistical 

methods set out in section 4.4.2. The specific objectives were to assess the damage effects on 

various size classes across the land-use types to determine the potentially vulnerable B. albitrunca 

size classes related to herbivore use (i.e. land-use type). 

6.2 Results  

6.2.1 Tree Condition Indices 

6.2.1.1 Frequency analysis  

Results obtained from frequency analyses revealed that 58% of the sampled Boscia albitrunca 

individuals exhibited minor or no bark damage, and could therefore be considered healthy 

according to all three Tree Condition Indices (Figure 6-1). Details of the relative frequencies for 

each Tree Condition Index are presented in Appendix 5, Table A-5. 

According to quantitative measures of tree condition (Figure 6-1), the relative abundance of 

individuals decreased as the damage ratings increased. Most individuals were not damaged and 

only minor damage was recorded. In terms of the qualitative Tree Condition Index, however, there 

was a peak in abundance scores for individuals with damage scores >3–11 where after 

abundances dropped. Moderate damage was picked up more by the qualitative scores than by the 

quantitative ones.  

The abundances of individuals peaked between damage scores of 9-10 in terms of the overall Tree 

Condition Index. Thus 6% reflected a damage score of 10, where after the relative abundance 

decreased as the damage ratings increased.  
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Figure 6-1. Relative abundance (%) of Boscia albitrunca individuals across the different measures of 
damage rating.  
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6.2.1.2 Variance in tree condition 

There was a significant interaction effect between land-use type (LU) and size class category (SC) 

for all Tree Condition Indices (Table 6.2). 

Separate tests revealed that land-use type was found to be statistically significant only in terms of 

the Tree Condition Index (Quantitative) variable (F4.3 = 7.171, p < 0.000, R2
Adjusted = 0.358). This 

variable, which represents bark damage, is the only variable among the three derived Tree 

Condition Indices that varies significantly across the different land-use types, irrespective of size-

class category (Table 6-2 and Appendix 7: Table A-7.1).  

The main effect of size-class category on tree condition, irrespective of land-use type, was found to 

be statistically significant for all three Tree Condition Indices: viz. Tree Condition Index 

(Quantitative): F9.3 = 14.645, p < 0,000, R2
Adjusted =0.358; Tree Condition Index (Qualitative): F9.3 = 

15.517, p < 0.000, R2
Adjusted = 0.335 and Tree Condition Index (Total):  F9.3 = 15.857, p < 0.000, 

R2
Adjusted = 0.339 (Appendix 7: Table A-7.1). Tree Condition Index values are thus significantly 

dependent on the tree size of the B. albitrunca populations that occurs in the different land-use 

types. 

The main effects of land-use type and size-class on tree condition are hereafter reported 

separately under the headings ―The effect of land-use type on tree condition‖ and ―The effect of 

size-class category on tree condition‖, followed by the ―Interaction effect of land-use type and size-

class category on tree condition‖.  

The number of individual trees occurring in the different land-use types and size-classes are 

provided in Appendix 9: Table A-9.  

6.2.1.2.1 The effect of land-use type on Tree Condition 

 

Highest tree condition index values, which relate to highest damage scores of individual trees, 

were consistently recorded in the areas exposed to fenced-in donkeys (LU2). Lowest damage 

scores were recorded in the equid-free control treatment (LU1) and in the areas exposed to zebras 

(LU5) (Table 6.1).  

 

Table 6.1. Estimated Marginal Means of Tree Condition Index (Quantitative), Tree Condition Index 
(Qualitative) and Tree Condition Index (Total). 

 Land-use 1 Land-use 2 Land-use 3 Land-use 4 Land-use 5 

Tree Condition Index (Quantitative)  0.892 2.767 1.530 0.986 0.505 

Tree Condition Index (Qualitative)  1.500 4.178 2.694 2.652 2.288 

Tree Condition Index (Total)  2.392 6.946 4.224 3.638 2.793 
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The statistically significant differences, revealed by means of pairwise comparisons between 

different pairs of land-use types, are presented in Figure 6-2. The largest differences were 

revealed to be between the enclosed donkey treatment (LU2) and the equid-free control (LU1).  

 

The zebra treatment (LU5), exhibited the least damaged B. albitrunca populations across all the 

land-use types (Figure 6-2). When benchmarked against the zebra treatment, bark-damage to B. 

albitrunca trees exposed to fenced-in donkeys (LU2) was 1.6 times greater than that of the trees 

exposed to free-ranging donkeys (LU3) (Figure 6-2).  

 

Table 6.2. Between Subjects Effects in terms of Tree Condition Index (Quantitative), Tree 
Condition Index (Qualitative) and Tree Condition Index (Total).  

Dependent Variable: 
Independent 

Variable: 

F Statistic (log-

transformed data): 

p-value (log-

transformed data): 

R 

Squared: 

Adjusted R 

Squared:  

Tree Condition Index (Quantitative) 

Land-use type 7.171 p < 0.000** 

0.448 0.358 Size-class 14.645 p < 0.000** 

LU*SC 1.914 P = 0.002** 

Tree Condition Index (Qualitative) 

Land-use type 2.021 p = 0.091 

0.428 0.335 Size-class 15.517 p < 0.000** 

LU*SC 1.983 p = 0.001** 

Tree Condition Index (Total) 

Land-use type 2.303 p = 0.059 

0.432 0.339 Size-class 15.957 p < 0.000** 

LU*SC 1.930 p = 0.002** 

    * = significant, ** = highly significant 

 

 

 

Land-use type pairs with the greatest statistically significant differences between them (p < 0,05): 

LU2 and LU1 (MD = 0.169, p = 0.002)                              LU2 and LU4 (MD = 0.162, p = 0.005) 

LU2 and LU5 (MD = 0.220, p < 0.000)                              LU3 and LU5 (MD = 0.135, p = 0.035) 
 

Figure 6-2. Estimated Marginal Means and Standard Errors of damage index values for each land-uses 
type

16
 and different pairs of land-use types (LU-pairs) that were found to have statistically significant 

differences between them in terms in terms of Tree Condition Index (Quantitative). 

                                                           
16

 LU1= stocked with local game without equid species LU2= donkeys kept with local game species in enclosed camps LU3= free 

ranging donkeys and local game species LU4= horses kept with local game species in enclosed camps LU5= zebras kept with local 
game species in enclosed camps 
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6.2.1.2.2 The effect of size-class category on tree condition 
 
Highest tree condition index values, which relate to highest damage scores, were reported in the 

SC4 (>15 cm – 20 cm) category (Table 6.3). The highest damage ratings amongst all the size-

class categories were consistently reflected by SC3–SC6 (> 10 cm30 cm) and then by SC8 (>35 

cm–40 cm) and SC10 (>50 cm). 

Table 6.3. Estimated Marginal Means of Tree Condition Index (Quantitative), Tree Condition Index 
(Qualitative) and Tree Condition Index (Total). 
 

Size-
class 

1 

Size-
class 

2 

Size-
class 

3 

Size-
class 

4 

Size-
class 

5 

Size-
class 

6 

Size-
class 

7 

Size-
class 

8 

Size-
class 

9 

Size-
class 

10 

Tree Condition Index 

(Quantitative)  
0.600 0.650 2.000 2.954 2.070 2.361 0.700 1.539 0.040 0.448 

Tree Condition Index 

(Qualitative)  
1.100 1.475 3.514 6.254 4.007 4.250 1.433 2.917 0.240 1.433 

Tree Condition Index  

(Total)  
1.700 2.125 5.514 9.208 6.077 6.611 2.133 4.456 0.280 1.881 

 

 

The detailed results from the pairwise comparisons are set out and treated separately for each of 

the Tree Condition variables in Table A-8 in Appendix 8. A summary of the different size-class 

pairs that were found to have statistically significant differences between them in terms of all the 

Tree Condition Indices is presented in Appendix 7: Table A-7.2.  

 

Results revealed that SC4 individuals (DBH: >15 cm–20 cm) were more damaged and exhibited 

lower tree health than SC1-SC2 individuals (DBH: 0 cm–10 cm) and SC7-SC10 individuals (DBH: 

> 30 cm) across all land-use types (Appendix 8: Table A-8).   

 

Equivalent statistically significant pairwise differences (i.e. MD = 0.427, p < 0.000) were found 

between SC4 and SC2; between SC4 and SC10 and between SC6 and SC2.  
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Figure 6-3. Estimated Marginal Means and Standard Errors of size-classes 1-10 in terms of (a) Tree 

Condition Index (Quantitative), (b) Tree Condition Index (Qualitative) and (c) Tree Condition Index (Total).  
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6.2.1.2.3. Interaction effect of land-use type and size-class category on Tree Condition 

 

Analyses of the statistically significant interaction effect of land-use type and size-class category on 

Tree Condition (Table 6.2) indicates that the least robust tree conditions across all the land-use 

types were predominantly exhibited by B. albitrunca trees that occurred in the SC3 (DBH: > 10cm–

15 cm) category (Table 6.4). Practical significance tests furthermore reveal that B. albitrunca 

individuals falling into the SC3 category of both donkey treatments (LU2 and LU3) were notably 

more damaged, and in a weaker tree condition, than individuals that occurred in the horse (LU4) 

and zebra treatments (LU5) (Table 6-4).  

A summary of all the statistically significant effects per pair of land-use types in terms of size-class 

categories and Tree Condition Indices is presented in Appendix 11: Table A-11. 

Table 6.4. Effect sizes per tree condition variable based on comparisons of land-use17 types. 

Tree condition variable: Comparisons of land-use types: Effect size (d) Size-class 

Tree Condition Index (Quantitative) LU2 with LU4 2,27 3 

 LU2 with LU5 2,27 3 

 LU3 with LU4 2,09 3 

 LU3 with LU5 2,09 3 

 LU2 with LU1 1,86 3 

 LU2 with LU5 1,86 4 

Tree Condition Index (Qualitative) LU2 with LU4 1,83 3 

 LU2 with LU5 1,83 3 

 LU3 with LU4 1,68 3 

 LU3 with LU5 1,68 3 

 LU3 with LU5 1,63 8 

Tree Condition Index (Total) LU2 with LU4 1,87 3 

 LU2 with LU5 1,87 3 

 LU3 with LU4 1,80 3 

 LU3 with LU5 1,80 3 

 LU3 with LU5 1,56 8 

 

Assessment of the damage effects on the various size classes across the land-use types, in sum 

revealed that B. albitrunca individuals, with the exception of the >45 cm category, are the most 

susceptible to bark-stripping damage by donkeys and exhibit the poorest overall tree condition 

                                                           
17

 LU1= stocked with local game without equid species LU2= donkeys kept with local game species in enclosed camps LU3= free 

ranging donkeys and local game species LU4= horses kept with local game species in enclosed camps LU5= zebras kept with local 
game species in enclosed camps 
 



78 
 

(Table 6.5, Figures 6-4, 6-5 and 6-6). Individuals that occurred in the SC1-SC4 (>0 cm–20 cm), 

SC6 (>25 cm–30 cm) and SC8 (>35cm–40 cm) categories are the most susceptible to bark-

damage by fenced-in donkeys, while individuals that occurred in SC5 (>20 cm–25 cm) and SC7 

(>30 cm–35 cm) are the most vulnerable to bark-damage by free-ranging donkeys.  

Tree damage ratings in the horse treatment (LU4), except for the SC6 and SC8-SC10 categories, 

were consistently lower than for both donkey treatments (LU2 and LU3) and higher than the zebra 

treatment (LU5) (Figure 6-4). However, B. albitrunca individuals that occurred in the SC4-SC5 

category (DBH: >10 cm–20 cm) of the horse treatment (LU4), however, exhibited worse tree 

condition than B. albitrunca individuals that occurred in the fenced donkey treatment (LU2) (Figure 

6-5).  

Although the zebra treatment (LU5) exhibited consistently lower tree damage ratings than other 

treatments in the SC1–SC6 categories (DBH: >0 cm–30 cm), this treatment exhibited the highest 

damage rating amongst all the treatments in the SC9 category (DBH: >45 cm-50 cm) (Figure 6-4) 

and also the worst tree condition in the large tree category (SC9-SC10: DBH: >45 cm) (Figures 6-5 

and 6-6). 
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Figure 6-4. Profile plot depicting the interaction effect of land-use type and size-class category on Tree 
Condition Index (Quantitative).  
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Figure 6-5. Profile plot depicting the interaction effect of land-use type and size-class category on Tree 
Condition Index (Qualitative). 
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Figure 6-6. Profile plot depicting the interaction effect of land-use type and size-class category on Tree 
Condition Index (Total). 
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Table 6.5. Most affected land-use types and most affected size-class categories for all respective Tree Condition Indices.  

 Tree Condition 
Index 

(Quantitative) 

Land-use type: ranked from top to 
bottom  in order of highest-  to lowest 
tree damage 

Most affected size-class categories 
ranked from highest- to lowest tree 

damage 

Tree Condition Index (Quantitative) 

Size-class category: 1 2 3 4 5 6 7 8 9 10 

Most affected land-
use type: 

2 2 2 2 3 2 3 2 5 3 

Second most 
affected land-use 
type: 

4 1 3 3 2 1 and 4 2  4 1; 2; 3 and 4 5 

Tree Condition Index (Qualitative) 

Size-class category: 1 2 3 4 5 6 7 8 9 10 

Most affected land-
use type: 

2 2 2 4 3 2 3 5 5 5 

Second most 
affected land-use 
type: 

4 1 3 2 4 4 2 4 and 2 1; 2; 3 and 4 3 

Tree Condition Index (Total) 

Size-class category: 1 2 3 4 5 6 7 8 9 10 

Most affected land-
use type: 

2 2 2 2 3 2 3 2 5 5 

Second most 
affected land-use 
type: 

4 1 1 3 2 and 4 4 2 4 and 5 1; 2; 3 and 4 3 

 

LU2 SC4 > SC3 > SC6 > S8 

LU3 SC3 > SC4 > SC5 > SC6 

LU4 SC4 > SC5 > SC6 > SC8 

LU1 SC6 > SC4 >SC5 > SC8 

LU5 SC4 > SC8 >SC5 > SC6 

Tree Condition 
Index (Qualitative) 

Land-use type: ranked from top to 
bottom in order of decreasing tree 
health 

Most affected size-class categories 
ranked in order of decreasing tree 

health 

LU1 SC6 > SC4 > SC5 > SC8 

LU5 SC5 > SC8 > SC10 > SC5 

LU3 SC4 > SC5 > SC3 > SC7 

LU4 SC4 > SC6 > SC5 > SC8 

LU2 SC3 > SC4 > SC6 > SC2 

Tree Condition 
Index (Total) 

Land-use type: ranked from top to 
bottom in order of decreasing tree 
health and increasing stem damage 

Most affected size-class categories 
ranked in order of decreasing tree 
health and increasing tree damage 

LU5 SC4 > SC8 > SC10 > SC5 

LU1 SC6 > SC4 > SC2 = SC5 = SC8 

LU4 SC4 > SC6 > SC5 > SC8 

LU3 SC4 > SC3 > SC5 > SC6 

LU2 SC3 > SC4 > SC6 > SC8 
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6.3. Discussion 

 

Although frequency analyses revealed that approximately 15% of sampled B. albitrunca 

populations exhibit very poor tree condition with >7 damage ratings (Appendix 5: Table A-5), 

nonetheless very few dead individuals were recorded.  

 

The expectation that exposure to donkeys would detrimentally impact on B. albitrunca health 

was strongly supported by results that revealed that bark-stripping by enclosed donkeys had the 

highest impact on B. albitrunca population health and was followed, respectively, by free-

ranging donkeys, horses and zebras (Table 6.5). These results furthermore support the view of 

Mugabe et al. (2017) that Boscia species are affected by donkeys feeding on the bark during 

dry seasons, as this practice results predominantly in severe damage to juvenile trees and 

leads to mortality in mature individuals. 

 

It is possible to provide plausible explanations for the high bark damage ratings of the B. 

albitrunca populations that occur in the fenced-in donkey treatment (LU2) and free-ranging 

donkey treatment (LU3) compared to the lesser damage inflicted by horses (LU4). 

 

Donkeys are able to digest high fibre diets better than horses while maintaining similar, or 

higher, total intakes (Jerbi et al., 2014), and are better adapted to browse on high levels of hard 

substances (Du Toit, 2008).  

 

The second-highest overall impact of bark-stripping exhibited by the free ranging donkey 

treatment (LU3) could possibly be attributed to the influence of the herd management method 

associated with this land use type,  in which herdsmen are seldom used to control the grazing 

itineraries of donkeys (K. Marais, personal observation). According to Dumont and Gordon 

(2003), the chances of free ranging animals discovering suitable grazing areas, without the 

assistance of a herdsman, decrease with increasing distance of the grazing land from the 

animals‘ pens, resulting in a reduction in the grazing itineraries of free ranging animals 

(Schlecht et al., 2006). This can in turn lead to the ‗clustering‘ of damage (Mclntyre, 1975;  

Welch et al., 1988) in which damaged individuals are most likely to be targetted again (Scott & 

Palmer,  2000). 

 

The high levels of B. albitrunca bark damage exhibited by the enclosed donkey treatment (LU2) 

could most likely be attributed to the exposure of these trees to higher frequencies of bark-

stripping by donkeys that were confined to a limited area (Schneiderat, 2011). These high levels 

of bark damage might also be the result of bark-stripping ‗outbreaks‘, which in fenced-in areas 
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are often found to occur intensively over short periods of time, resulting in high levels of damage 

(Danell et al., 2006).  

 

The results furthermore suggest that susceptibility to equid-bark-stripping is strongly size-

dependent. Medium-sized trees (>10–45 cm)  were the most affected. Similar results were 

revealed in Ihwagi et al. (2010)‘s study on the debarking of  woody vegetation by elephants. 

Although these results were reported for a mega-herbivore, they closely resembled the results 

obtained in this study, as it was found that debarking by elephants positively correlated with 

stem circumference and also that medium-sized trees were the most damaged.  

 

The most likely reason for the preferential debarking of the medium size-class categories (>10-

45 cm) and the low damage rating of SC9 and SC10 (> 45 cm) of the sampled individuals could 

be attributed to the bark structure of B. albitrunca trees. This structure undergoes changes with 

ageing (i.e. from a relatively smooth-barked structure to a thicker, harder, fissured and scaly 

structure) and smooth-barked trees were found to be significantly more damaged than 

individuals with a rough bark structure. Bark roughness is thought to be correlated with bark 

thickness (Gill, 1992) which in turn relates to stem diameter and is generally found to decrease 

with height up the stem, and also increase with tree size (Williams et al., 2007). For most tree 

species, ageing causes bark structures to becomes thicker and more dif※cult to remove and this 

is reflected  in a decrease in the in vitro digestibility (Gill, 1992). This also supports the opinion 

of Kuiters et al. (2006), that the physical characteristics of bark in terms of stripability, such as 

bark thickness and hardness, play a significant role in bark-stripping practices. Mature 

specimens of B. albitrunca would therefore be less subject to bark-stripping by donkeys or any 

other herbivore. 
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CHAPTER 7 

Summary and general recommendations 

7.1. Approach and expectations 

The primary aim of this study was to assess critically the effects of bark-stripping on B. 

albitrunca populations by three different equid species in the Mopane-Sand River area of the 

Limpopo Province.  Five land-use types that differed in terms of management backgrounds and 

equid stocking densities were examined in terms of B. albitrunca population structure and the 

effects of equid damage. It was possible to select sample sites that were closely comparable in 

terms of stocking densities in the cases of the land-use types that hosted enclosed donkeys, 

free-ranging donkeys and horses. Although the greater ratio of area to number of zebras did not 

permit zebra stocking densities to be strictly comparable to those of donkeys and horses, they 

were included in the study in order to discover what impact, if any, they had on B. albitrunca 

trees.  

Based on the severe bark-stripping practices of donkeys on B. albitrunca populations and, on a 

lesser scale, those of horses that were observed during the dry seasons of 2012-2014, it was 

expected that bark-stripping by donkeys would have the highest impact on B. albitrunca 

population structure and stability, followed by horses and then zebras. This study was 

furthermore expected to show that the donkey-stocked areas would exhibit the highest impact of 

bark-damage. 

The presence of non-equine browsing animals in the study area was expected to not influence 

the outcomes of this study in terms of bark damage. The paucity of information on bark damage 

to Boscia albitrunca inflicted by such animals suggests that they are responsible for minor or no 

bark damage. However, different types of mesoherbivores which coexist with free-ranging 

donkeys and zebras, could, by means of browsing the palatable seedlings, saplings and 

juvenile trees, be expected to influence negatively the abundance of B. albitrunca individuals in 

lower size-class categories. 

It was against this background and in consideration of the foregoing expectations, that the 

following hypotheses were formulated: 

1. The population structure and condition of Boscia albitrunca populations vary significantly 

across land-use types. 

2. Populations of Boscia albitrunca in areas exposed to donkey browsing are unstable and 

characterised by severely damaged individuals. 
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In this context it was in addition intended (Secondary Aim 1) to evaluate the population structure 

of Boscia albitrunca across different combinations and intensities of equid foraging as 

expressed in terms of land-use types. This aim was divisible into two objectives, summarized for 

purposes of analysis and discussion under the heading ‘Population structure and stability‘.  

A. To present an overview of the Boscia albitrunca population across the land-use types in 

terms of tree population   densities, size-class distributions, proportions of single- to 

multi-trunked trees and population trends. 

B. To test how each measure of population structure (i.e. tree height, diameter, lowest 

reachable foliage and abundance) was affected by equid foraging type and intensity 

Similarly, it was further intended (Secondary Aim 2) to assess damage to B. albitrunca 

individuals and to relate damage intensities to land-use and size class of tree, divisible into two 

more objectives and summarized under ‘Effects of equid damage‘. 

C. To assess three different measures of damage on each size class across the land-use 

types. 

D. To identify the B. albitrunca size classes with the highest vulnerability to herbivore use 

(i.e. land-use type). 

7.2. Main findings 

Population structure and stability 

Results from this study revealed that the five land-use types differed with regard to B. albitrunca 

population structures. This strongly supports the hypothesis that ‗the population structure and 

condition of B. albitrunca populations vary significantly across land-use types‘.  

However, the results obtained contrasts sharply with the initial expectations, as zebras, when 

compared to the other equid species, were revealed to have the highest impact on B. albitrunca 

population structure and stability. In this regard, zebras were followed by donkeys and lastly by 

horses which had a markedly smaller impact. The equid-free control areas, on the other hand, 

did display, as expected, the highest population structure and stability.  

The noteworthy differences in terms of B. albitrunca population stability across all land-use 

types, as summarized below, may indicate that the population structure and stability of this 

species could be affected by a combination of environmental factors and not only by equid bark-

stripping.  

None of the sampled B. albitrunca populations conformed to a typical inverse J-shaped curve in 

terms of size-class distributions, which would indicate potential future growth. Instead, the 

curves displayed approximated unimodal distribution suggesting that the persistence of B. 

albitrunca populations may be more reliant on the long-lived nature of this species than on the 
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success of recruitment events. These unimodal size class distribution curves could furthermore 

suggest that individuals in the middle-size classes are able to withstand environmental 

perturbations better than can other species. 

Different Simpson‘s Index of Dominance values for the five treatments indicate that all the 

sampled B. albitrunca populations in the study area had unevenly distributed size-class 

frequencies that declined exponentially. The high Permutation Index values reflected by all the 

treatments furthermore indicate that all of these sampled populations had poor regeneration and 

discontinuous size-class distributions and exhibited great deviations from a monotonic decline in 

the number of individuals present in each successive size-class. The low levels of discontinuity 

displayed by both of the donkey treatments contrast sharply with the zebra treatment, which 

displayed the highest levels of discontinuity amongst all the land-use types. This suggests that 

exposure to donkeys has a lesser impact on B. albitrunca population structure and stability than 

the exposure of these trees to other equid species. 

The moderately steep positive regression slope displayed by the zebra treatment, denoting that 

the B. albitrunca populations that occurred on this land-use type were populations in decline, 

clearly distinguishes the zebra treatment from the other land-use types. The B. albitrunca 

populations that occurred in this land-use type exhibited the highest population instability 

amongst all the treatments. Characterized by an absence of individuals in the lower size-

classes (<10 cm) and exhibiting the highest levels of discontinuity across all the land-use types, 

this treatment moreover displayed the greatest variances in mean tree height and mean 

diameter at breast height (DBH) across its own transects. The highest Permutation Index value 

for this treatment amongst all the land-use types suggests impeded seedling establishment and 

sapling growth.  

The notable absence of B. albitrunca individuals in the lower size-classes (DBH: ≤10 cm) in all 

the treatments may lead to a population decline if current management is maintained.  

The B. albitrunca populations that occurred in the zebra treatment, however, reflected the 

highest mean tree height and the highest mean diameter at breast height (DBH) amongst all the 

land-use types. These results suggest that this treatment has the least negative impact on B. 

albitrunca populations in terms of both tree height and DBH. The zebra treatment, moreover, 

was the only land-use type which hosted large trees (DBH: >45 cm).  

There was a significant interaction effect between land-use type (LU) and size class category 

(SC) on the abundances of living individuals across all five land-use types. The LU*SC 

interaction has the least effect on B. albitrunca abundances that occurred in the zebra treatment 

and the largest effect on B. albitrunca abundances that occurred in the unfenced donkey 

treatment. 
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The studied Boscia albitrunca populations were dominated by single-stem individuals and two-

stemmed trees that were found to be moderately abundant in all the land-use types. The 

presence of multi-stemmed trees in all the treatments, particularly in the areas that hosted 

donkeys, as well as the high population densities that were reflected by both donkey treatments, 

could most likely be attributed to a higher abundance of coppice stems within the B. albitrunca 

populations and not to recruitment as such. These results suggest positive effects of donkey 

browsing on B. albitrunca population density.  

Although the enclosed donkey treatment displayed a moderately negative regression slope that 

is indicative of good recruitment, this treatment was characterized by an absence of individual 

trees in the higher size-classes (DBH >45 cm). The unfenced donkey treatment, in contrast, 

displayed a flat positive regression slope which most likely indicates impeded recruitment and 

was characterized by an absence of individuals in the lower size-classes (DBH <10 cm). Size-

Class 4 (DBH: >15–20 cm) exhibited the highest general abundance within the study area and 

totally dominated in the areas where donkeys were enclosed. However, a shift in size-class 

dominance does seem to have been brought about by exposure to free-ranging donkeys, as 

results revealed that the SC3, SC4 and SC5 categories (DBH: >10–25 cm) were the dominating 

categories in this treatment.  

Quotient analyses revealed unstable and uneven distributions of B. albitrunca populations in all 

land-use types. Treatments that were subjected to equid-induced bark damage exhibited 

fluctuations in the lower to middle size-classes while the equid-free control area exhibited 

fluctuations in the middle to higher size-classes. This contrast between the control treatment 

and the other four equid treatments suggests that exposure to equid species does have a 

notable effect on B. albitrunca populations. The amplitudes of the fluctuations displayed by the 

enclosed donkey treatment were approximately twice as high those displayed by the unfenced 

donkey treatment.  

Although results revealed that that land-use type does not have a statistically significant effect 

on the variation in tree height in B. albitrunca populations subjected to different land 

management regimes, it is important to note that the mean tree heights recorded for both 

donkey treatments were considerably lower than those in the other treatments. However, land-

use type was revealed to have a statistically significant effect on the variation in DBH in the 

sampled B. albitrunca populations. The lowest mean DBH was reflected by B. albitrunca 

populations that occurred in the enclosed donkey treatment. These results thus suggest that, 

while both free-ranging donkeys and donkeys kept in enclosed areas had the most negative 

impact on B. albitrunca tree height, donkeys kept in enclosures had the greater negative impact 

on DBH. 
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Boscia albitrunca populations that occurred in the unfenced donkey treatment were clearly 

distinguishable from those in the other four treatments by exhibiting a mean lowest reachable 

foliage that was > 0.6 m lower than those of the other treatments.  

Amongst all the land-use types, the donkey treatments displayed the highest total abundances 

of living and dead B. albitrunca individuals. The enclosed donkey treatment reflected the highest 

abundance of dead individuals and, with the unfenced donkey treatment, reflected two dead 

stems/per tree. In the current study, the higher proportion of dead B. albitrunca individuals 

recorded in the low to intermediate size-class categories in three of the land-use treatments 

indicate that smooth-barked young trees were significantly more exposed to damage than older 

individuals with a rough bark structure.  

The horse treatments displayed shallow negative regression slopes that are indicative of 

moderately good recruitment and were characterized by an absence of individual trees in the 

higher size-classes (DBH >45 cm). The lowest mean density and the lowest abundance of two-

stemmed B. albitrunca trees that were reflected by the horse treatment suggest that the 

presence of horses had a weak effect on coppicing. The horse treatment furthermore displayed 

the least variance in mean tree height and mean DBH across its own transects.  

Effects of equid damage 

Although frequency analyses revealed that approximately 15% of sampled B. albitrunca 

populations exhibited very poor tree condition, very few dead individuals were recorded. Also 

58% of the studied B. albitrunca individuals exhibited minimal or no bark damage and, 

according to all three Tree Condition Indices, could be considered healthy. In all three measures 

of tree condition, the relative abundance of individuals decreased as the damage ratings 

increased. Moderate damage was picked up more by the qualitative scores than by the 

quantitative ones.  

The expectation that exposure to donkeys would detrimentally impact on B. albitrunca health 

was strongly supported by results that revealed that bark-stripping by enclosed donkeys had the 

highest impact on B. albitrunca population health. This was followed, respectively, by free-

ranging donkeys, horses and zebras. These results thus strongly support the hypothesis that 

populations of B. albitrunca in areas exposed to donkey browsing are unstable and 

characterised by severely damaged individuals.   

The zebra treatment exhibited the least damaged B. albitrunca populations. When 

benchmarked against the zebra treatment, bark-damage to B. albitrunca trees exposed to 

fenced-in donkeys was 1.6 times greater than that of the trees exposed to free-ranging 

donkeys. 
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Analyses of the statistically significant interaction effect of land-use type and size-class category 

on Tree Condition indicates that the least robust tree conditions across all the land-use types 

were predominantly exhibited by B. albitrunca trees that occurred in the SC3 (DBH: > 10–15 

cm) category. Results furthermore revealed that B. albitrunca individuals falling into the SC3 

category of both donkey treatments were notably more damaged and in a weaker tree condition 

than individuals that occurred in the horse- and zebra treatments. 

 

Assessment of the damage effects on the various size classes across the land-use types 

revealed that B. albitrunca individuals  with the exception of the >45 cm category  are the 

most susceptible to bark-stripping damage by donkeys and exhibit the poorest overall tree 

condition. Individuals that occurred in the SC1-SC4 (>0–20 cm), SC6 (>25–30 cm) and SC8 

(>35cm–40 cm) categories are the most susceptible to bark-damage by fenced-in donkeys, 

while individuals that occurred in SC5 (>20–25 cm) and SC7 (>30–35 cm) are the most 

vulnerable to bark-damage by free-ranging donkeys.  

 

Tree damage ratings in the horse treatment, except for the SC6 and SC8–SC10 categories, 

were consistently lower than for both donkey treatments and consistently higher than the zebra 

treatment. However, B. albitrunca individuals that occurred in the SC4–SC5 category (DBH: 

>10–20 cm) of the horse treatment, exhibited worse tree conditions than B. albitrunca 

individuals that occurred in the enclosed donkey treatment. 

 

Although the zebra treatment exhibited consistently lower tree damage ratings than other 

treatments in the SC1–SC6 categories (DBH: >0–30 cm), this treatment exhibited the highest 

damage rating amongst all the treatments in the large tree category (DBH: >45 cm). 

 

Results obtained from this study thus revealed that the high amounts of bark damage that were 

inflicted by donkeys on B. albitrunca trees, as well as the lesser amounts recorded for horses, 

did not appear to have a noteworthy effect on the overall population stability of B. albitrunca. 

7.3. Recommendations for future studies and action 

Recommendations for future studies 

Future studies aiming to evaluate the status of B. albitrunca could include research gaps 

identified by the authors Alias and Milton in their 2003 collation and overview of research 

information on B. albitrunca.  Additional areas that can benefit from further research were 

revealed by the study.  
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Alias and Milton‘s research gaps: 

 

 ―What is the effect of browsing on regrowth, particularly where regrowth is a response to 

direct browsing by livestock or cutting to provide fodder?‖ 

 ―How do amount and frequency of rainfall, drought and browsing and trampling by 

livestock affect seedling establishment?‖ 

 ―Are trees that have been heavily browsed able to generate normally?‖ 

 ―What is the threshold of maximum branch removal and browse, and at what frequencies 

can such disturbances be tolerated?‖ 

 ―Further research needs to be conducted on the effects of fire and lowered ground water 

on the survival of B. albitrunca.” 

 

Further areas for research were suggested by the current study:  

 

 The regeneration of B. albitrunca to determine whether asexual regeneration permits this 

species to grow under high browsing pressures. 

  Whether asexual regeneration in B. albitrunca populations could result in lowered 

genetic diversity. 

 Whether B. albitrunca has the capacity to escape from browser traps by growing beyond 

the browse height. 

 Extending the current research longitudinally (i.e. over a longer time period) is facilitated 

by the fact that, in at least one instance, one of the enclosed donkey sites is still in the 

hands of the same landowner, whose daily walk intersects with some of the transects so 

that a number of the sampled trees, with their numbers, are well within view, and are 

accordingly photographed on a weekly basis. Retrieving longitudinal data from this site 

could be particularly useful as this study was undertaken right at the beginning of a 

drought which has since escalated to an intensity that climate change is seriously being 

considered as a factor. 

 

Recommendations for future action 

 

 Land management practices can be improved to mitigate the negative impact of factors 

on reproduction.  For instance, B. albitrunca seedling establishment and recruitment can 

be put in place as a means of rehabilitating the browsing potential of the area.  



90 
 

 B. albitruca populations18 that are highly vulnerable to equid-bark stripping could be 

protected from further decline by relevant management practices, such as limiting 

stocking levels to numbers that do not exceed those prescribed by the Long Term 

Grazing Capacity map. 

 Donkeys and horses can be provided with supplementary feed during dry seasons to 

reduce or prevent bark damage to B. albitrunca. The practice should be considered for 

other species that are susceptible to bark-stripping by other livestock. 

 In order to ensure that stocking levels do not exceed those prescribed by the Long Term 

Grazing Capacity map, a survey could be done to evaluate the status of the available 

grasses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
18

 B. albitrunca populations which have high abundances of individuals occurring in the size-class categories that 
were identified by this study to be most susceptible to bark-stripping. 
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APPENDIX 1: 
 

 Table A-1. Taxonomy and description of Boscia albitrunca (Burch.) Gilg & Gilg-Ben  

Higher 
Classification: 

Dicotyledons 

Family: BRASSICACEAE 

Synonyms: 
Boscia pechuellii Kuntze, Boscia transvaalensis Pestal., Capparis albitrunca Burch., Capparis oleoides in sense of Marloth, not of Burch. ex 
DC. (misapplied name), Capparis punctata Burch. 

Common names: 

Caper Bush (e), Coffee Tree (e), Emigrant's Tree (e),  
Grootwitgat (a), Groot-witgat (a), Grootwitgatboom (a), Inyokiziphinda (z), Isinama (z), Jentelmanstam (a), Kaboom (a), Koffie (a), Koffieboom 
(a), Matoppie (a), Mohlopi (ns), Mohlôpi (ns), Motlhôpi (tw), Motlopi (tw), Motlôpi (tw), Muthobi (v), Muvhombwe (v), Noenie (a), Noenieboom 
(a), Shepherd Tree (e), Shepherd's Tree (e), Umbombwe (nd), Umgqomogqomo (x), Umhlope (nd), Umpunzito (x), Umtopi (nd), Umvithi (z), 
White Stem (e), White-stemmed Tree (e), Witbasboom (a), Witgat (a), Witgatboom (a), Witstam (a), Witstamboom (a), Witteboom (a) 

Stems: 

B. albitrunca is a small to medium tree (3 - 8 m) with a well-rounded olive-green umbrella shaped crown. The crowns of adult trees are often 
browsed by antelopes and other grazers that can reach the foliage, resulting in a conspicuous flattened browse-line whilst the crowns of 
smaller trees are often browsed into spherical shapes. The stout trunk, often folded, seamed or pitted with holes, has a smooth pale grey 
bark with white patches that may be yellowish or blackish and that is frequently interspaced with strips of rough, dark-coloured bark. Twigs 
are finely pubescent and grey-green in colour with older branches glabrous and pale grey (Alias & Milton, 2003; Van Wyk, 1973). The 
widespread distribution range of this species has resulted in it having a variable morphology with its appearance changing from region to 
region (Ellis, 2003). Specimens occurring in the arid western regions are typically small trees ranging from 3 to 4,5 m in height whilst tall trees 
up to 7 m occur in the northern Kalahari regions. The B. albitrunca populations occurring in the southern Kalahari region are mostly multi-
stemmed individuals occurring in tangled thickets on the loose sand of the dunes. In bushveld regions, the trunks are generally slender and 
tall, up to 7 m, and often darker in colour, but may also grow as multi-stemmed shrubs when exposed to continuous browsing (Ellis, 2003 
referring to van der Walt & Le Riche, 1999). 

Leaves: 

The rigid and leathery leaves, usually arising in fascicles of four or five simple leaves, have short, and mostly hairy, petioles ranging from 1 – 
10 mm and are clustered on the reduced, hard and spiky side-shoots or on older branches. The leaves can tend to be alternate, scattered or 
whorled on new shoots (Coates Palgrave, 1983; Ellis, 2003; Van Wyk, 1973). The leaves are oblanceolate to elliptic becoming wider towards 
the apices, grey-green to green above and below with little colour difference between the upper and lower surfaces and are 15 to 80 X 4 to 
20 mm in dimension. The midribs are distinct, and the secondary veins are mostly obscure. The leaf margins are entire, the apices are 
rounded or abruptly attenuate and often acutely mucronate and tapers towards the base. Some leaves are shed around flowering time (Alias 
& Milton, 2003; Coates Palgrave, 1983; Van Wyk, 1973) 

Flowers: 

The inconspicuous flowers appear singly or in short dense clusters of 4 to 5 in the axils of the leaves on the short side-shoots from July to 
November, but mostly from August to November, or only after rain. Insufficient rainfall can prevent trees from flowering in a particular year. 
The long and profuse flowering seasons are responsible for different sizes of flowers and fruits occurring on the same tree (Van Wyk, 1973). 
The star-shaped flowers do not have petals, but 4 fleshy free sepals are present and the yellowish 4 mm long stamens, numbering from 5-22 
per flower, are clustered in a dense central mass. The flowers have a sweet, heavy scent (Alias & Milton, 2003; Ellis, 2003; Van Wyk, 1973) 

Fruit: 
The round yellowish berry-like fruit, 10-15 mm in diameter, is smooth, without hairs with a hard and brittle exocarp that encloses a reddish 
pulp. The fruit is produced in profusion from October to December (Alias & Milton, 2003; Coates Palgrave, 1977, Van Wyk, 1973). 

a = Afrikaans, e = English, z = Zulu, ns = North Sotho, tw = Tswana, v = Venda, nd = Ndebele, x = Xhosa.  
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APPENDIX 2 

Table A-2.1. Results obtained from One-way ANOVA: Boscia albitrunca tree height and diameter at breast height. 
 

ANOVA 

 
Sum of Squares df Mean Square F Sig. 

Tree height 

Between Groups 13.336 4 3.334 2.160 .077 

Within Groups 217.629 141 1.543 
  

Total 230.965 145 
   

DBH 

Between Groups 1502.581 4 375.645 4.233 .003 

Within Groups 12512.639 141 88.742 
  

Total 14015.220 145 
   

Table A-2.2. Mean tree height and mean diameter at breast height of Boscia albitrunca populations per land-use type. 
 

Descriptives 

 
N Mean 

Std. 
Deviation 

Std. 
Error 

95% Confidence 
Interval for Mean 

Minimum Maximum 

Effect sizes 

Lower 
Bound 

Upper 
Bound 

LU1 
with 

LU2 
with 

LU3 
with 

LU4 
with 

Tree 
height 

LU1 26 5.479 1.5131 .2967 4.868 6.090 2.2 9.5 
    

LU2 33 5.153 1.4904 .2595 4.625 5.682 2.3 8.3 0.26 
   

LU3 32 4.843 1.1146 .1970 4.441 5.245 3.3 7.8 0.51* 0.25 
  

LU4 24 5.566 1.0753 .2195 5.112 6.020 3.1 7.8 0.07 0.33 0.58* 
 

LU5 31 5.633 .8981 .1613 5.303 5.962 4.1 7.8 0.12 0.39 0.64* 0.05 

Total 146 5.313 1.2621 .1045 5.107 5.519 2.2 9.5 
    

DBH 

LU1 26 21.6842 10.36749 2.03323 17.4967 25.8717 5.41 46.00 
    

LU2 33 19.8606 8.50961 1.48133 16.8432 22.8780 4.46 40.00 0.19 
   

LU3 32 23.2613 9.06882 1.60316 19.9916 26.5309 13.00 53.00 0.17 0.36 
  

LU4 24 23.0833 8.10325 1.65407 19.6616 26.5050 2.55 39.00 0.15 0.34 0.02 
 

LU5 31 29.1071 10.72147 1.92563 25.1744 33.0398 15.00 49.97 0.79* 0.98** 0.62* 0.64* 

Total 146 23.4238 9.83141 .81365 21.8156 25.0319 2.55 53.00 
    

d: d< 0.5 = non-significant; 0.5 ≤ d < 0.8 = medium effect*; 0.8 ≤ d = large effect** LU1= stocked with local game sans equid species; LU2= donkeys kept with local game species in enclosed camps; LU3= free ranging donkeys and 
local game species; LU4= horses kept with local game species in enclosed camps; LU5= zebras kept with local game species in enclosed camps 
 

 
 



114 
 

Table A-2.3. Mean maximum height recorded for bitemarks on B. albitrunca tree stems (measured in metres from ground level to the top of the highest bitemark). 
 

Land-use type: 
LU1 LU2 LU3 LU4 LU5 

 
1.08 1.55 1.55 1.74 1.07 

LU1= stocked with local game sans equid species; LU2= donkeys kept with local game species in enclosed camps; LU3= free ranging donkeys and local game species; LU4= horses kept with local game species in enclosed 
camps; LU5= zebras kept with local game species in enclosed camps 
 

 

APPENDIX 3 

Table A-3. Frequency tables of living-, dead- and dead stem abundances in studied Boscia albitrunca populations 
 

Abundance (Living) 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

.0 215 61.4 61.4 61.4 

1.0 135 38.6 38.6 100,0 

Total 350 100.0 100.0 
 

      
Abundance (dead individuals) 

 
Frequency Percent Valid Percent Cumulative Percent 

Valid 

.0 338 96.6 96.6 96.6 

1.0 12 3.4 3.4 100.0 

Total 350 100.0 100.0 
 

      
Abundance (dead stems) 

 
Frequency Percent Valid Percent Cumulative Percent 

Valid 

.0 346 98.9 98.9 98.9 

1.0 2 .6 .6 99.4 

2.0 2 .6 .6 100.0 

Total 350 100.0 100.0 
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APPENDIX 4:  

Table A-4. Three-Way Contingency Test: land-use type and size-class category of studied Boscia albitrunca populations. 

Treatment 
Abundance (Living) 

Total 
.0 1.0 

LU1 

Size-class 

1 
Count 6 0 6 

% within Size-class 100.0% 0.0% 100.0% 

2 
Count 4 4 8 

% within Size-class 50.0% 50.0% 100.0% 

3 
Count 4 2 6 

% within Size-class 66.7% 33.3% 100.0% 

4 
Count 2 6 8 

% within Size-class 25.0% 75.0% 100.0% 

5 
Count 4 4 8 

% within Size_-lass 50.0% 50.0% 100.0% 

6 
Count 3 5 8 

% within Size-class 37.5% 62.5% 100.0% 

7 
Count 6 0 6 

% within Size-class 100,0% 0.0% 100.0% 

8 
Count 3 3 6 

% within Size-class 50.0% 50.0% 100.0% 

9 
Count 6 0 6 

% within Size-class 100.0% 0.0% 100.0% 

10 
Count 5 1 6 

% within Size-class 83.3% 16.7% 100.0% 

Total 
Count 43 25 68 

% within Size-class 63.2% 36.8% 100.0% 

LU2 Size-class 

1 
Count 5 1 6 

% within Size-class 83.3% 16.7% 100.0% 

2 
Count 8 0 8 

% within Size-class 100.0% 0.0% 100.0% 

3 
Count 5 2 7 

% within Size-class 71.4% 28.6% 100.0% 

4 
Count 1 12 13 

% within Size-class 7.7% 92.3% 100.0% 
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5 
Count 4 3 7 

% within Size-class 57.1% 42.9% 100.0% 

6 
Count 5 3 8 

% within Size-class 62.5% 37.5% 100.0% 

7 
Count 5 1 6 

% within Size-class 83.3% 16.7% 100.0% 

8 
Count 5 2 7 

% within Size-class 71.4% 28.6% 100,0% 

9 
Count 6 0 6 

% within Size-class 100.0% 0.0% 100.0% 

10 
Count 6 0 6 

% within Size-class 100.0% 0.0% 100.0% 

Total 
Count 50 24 74 

% within Size-class 67.6% 32.4% 100.0% 

LU3 
Size-class 

1 
Count 6 0 6 

% within Size-class 100.0% 0.0% 100.0% 

2 
Count 6 0 6 

% within Size-class 100.0% 0.0% 100.0% 

3 
Count 1 6 7 

% within Size-class 14.3% 85.7% 100.0% 

4 
Count 1 8 9 

% within Size-class 11.1% 88.9% 100.0% 

5 
Count 1 9 10 

% within Size-class 10.0% 90.0% 100.0% 

6 
Count 3 4 7 

% within Size-class 42.9% 57.1% 100.0% 

7 
Count 3 3 6 

% within Size-class 50.0% 50.0% 100.0% 

8 
Count 6 0 6 

% within Size-class 100.0% 0.0% 100.0% 

9 
Count 6 0 6 

% within Size-class 100.0% 0.0% 100.0% 

10 
Count 4 2 6 

% within Size-class 66.7% 33.3% 100.0% 

Total Count 37 32 69 
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% within Size-class 53.6% 46.4% 100.0% 

LU4 

Size-class 

1 
Count 5 1 6 

% within Size-class 83.3% 16.7% 100.0% 

2 
Count 6 0 6 

% within Size-class 100.0% 0.0% 100.0% 

3 
Count 5 1 6 

% within Size-class 83.3% 16.7% 100.0% 

4 
Count 0 8 8 

% within Size-class 0.0% 100.0% 100.0% 

5 
Count 3 5 8 

% within Size-class 37.5% 62.5% 100.0% 

6 
Count 2 5 7 

% within Size-class 28.6% 71.4% 100.0% 

7 
Count 5 1 6 

% within Size-class 83.3% 16.7% 100.0% 

8 
Count 4 3 7 

% within Size-class 57.1% 42.9% 100.0% 

9 
Count 6 0 6 

% within Size-class 100.0% 0.0% 100.0% 

10 
Count 6 0 6 

% within Size-class 100.0% 0.0% 100.0% 

Total 
Count 42 24 66 

% within Size-class 63.6% 36.4% 100.0% 

LU5 Size-class 

1 
Count 6 0 6 

% within Size-class 100.0% 0.0% 100.0% 

2 
Count 6 0 6 

% within Size-class 100.0% 0.0% 100.0% 

3 
Count 5 1 6 

% within Size-class 83.3% 16.7% 100.0% 

4 
Count 4 8 12 

% within Size-class 33.3% 66.7% 100.0% 

5 
Count 4 5 9 

% within Size-class 44.4% 55.6% 100.0% 

6 
Count 4 4 8 

% within Size-class 50.0% 50.0% 100.0% 
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7 
Count 5 1 6 

% within Size-class 83.3% 16.7% 100.0% 

8 
Count 2 6 8 

% within Size-class 25.0% 75.0% 100.0% 

9 
Count 4 1 5 

% within Size-class 80.0% 20.0% 100.0% 

10 
Count 3 4 7 

% within Size-class 42.9% 57.1% 100.0% 

Total 
Count 43 30 73 

% within Size-class 58.9% 41.1% 100.0% 

Total 

Size-class 

1 
Count 28 2 30 

% within Size-class 93.3% 6.7% 100.0% 

2 
Count 30 4 34 

% within Size-class 88.2% 11.8% 100.0% 

3 
Count 20 12 32 

% within Size-class 62.5% 37.5% 100.0% 

4 
Count 8 42 50 

% within Size-class 16.0% 84.0% 100.0% 

5 
Count 16 26 42 

% within Size-class 38.1% 61.9% 100.0% 

6 
Count 17 21 38 

% within Size-class 44.7% 55.3% 100.0% 

7 
Count 24 6 30 

% within Size-class 80.0% 20.0% 100.0% 

8 
Count 20 14 34 

% within Size-class 58.8% 41.2% 100.0% 

9 

Count 28 1 29 

% within Size-class 96.6% 3.4% 100.0% 

% within Size-class 77.4% 22.6% 100.0% 

Total 
Count 215 135 350 

% within Size-class 61.4% 38.6% 100.0% 
 
LU1= stocked with local game sans equid species; LU2= donkeys kept with local game species in enclosed camps; LU3= free ranging donkeys and local game species; LU4= horses kept with local game species in enclosed 
camps; LU5= zebras kept with local game species in enclosed camps 
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APPENDIX 5: 

Table A-5.  Frequency tables of Tree Condition Indices in studied Boscia albitrunca populations. 
 

Tree condition index (Quantitative) 

 Frequency Percent Valid Percent Cumulative Percent 

Valid 0.0 203 58.0 58.0 58.0 

1.0 29 8.3 8.3 66.3 

2.0 26 7.4 7.4 73.7 

3.0 27 7.7 7.7 81.4 

4.0 21 6.0 6.0 87.4 

5.0 15 4.3 4.3 91.7 

6.0 14 4.0 4.0 95.7 

7.0 5 1.4 1.4 97.1 

8.0 2 0.6 0.6 97.7 

9.0 5 1.4 1.4 99.1 

10.0 2 0.6 0.6 99.7 

13.0 1 0.3 0.3 100.0 

Total 350 100.0 100.0   

      Tree condition index (Qualitative) 

    Frequency Percent Valid Percent Cumulative Percent 

Valid 0.0 203 58.0 58.0 58.0 

2.0 2 0.6 0.6 58.6 

3.0 5 1.4 1.4 60.0 

4.0 15 4.3 4.3 64.3 

5.0 20 5.7 5.7 70.0 

6.0 23 6.6 6.6 76.6 

7.0 22 6.3 6.3 82.9 

8.0 22 6.3 6.3 89.1 

9.0 12 3.4 3.4 92.6 

10.0 7 2.0 2.0 94.6 

11.0 6 1.7 1.7 96.3 
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12.0 2 0.6 0.6 96.9 

13.0 8 2.3 2.3 99.1 

14.0 1 0.3 0.3 99.4 

15.0 2 0.6 0.6 100.0 

Total 350 100.0 100.0   

      Tree condition index (Total) 

    Frequency Percent Valid Percent Cumulative Percent 

Valid 0.0 203 58.0 58.0 58.0 

3.0 1 0.3 0.3 58.3 

4.0 1 0.3 0.3 58.6 

5.0 7 2.0 2.0 60.6 

6.0 16 4.6 4.6 65.1 

7.0 16 4.6 4.6 69.7 

8.0 11 3.1 3.1 72.9 

9.0 9 2.6 2.6 75.4 

10.0 20 5.7 5.7 81.1 

11.0 13 3.7 3.7 84.9 

12.0 6 1.7 1.7 86.6 

13.0 10 2.9 2.9 89.4 

14.0 10 2.9 2.9 92.3 

15.0 4 1.1 1.1 93.4 

16.0 5 1.4 1.4 94.9 

17.0 2 0.6 0.6 95.4 

18.0 2 0.6 0.6 96.0 

19.0 7 2.0 2.0 98.0 

20.0 3 0.9 0.9 98.9 

21.0 2 0.6 0.6 99.4 

24.0 2 0.6 0.6 100.0 

Total 350 100.0 100.0   
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APPENDIX 6: 
 
Table A-6. Summary of descriptive data and tests of normality for the Tree Condition variables: Tree Condition Index (Quantitative); Tree Condition Index 
(Qualitative) and Tree Condition Index (Total). 
 

 
Tree Condition Index (Quantitative) Tree Condition Index (Qualitative) 

Tree Condition Index  
(Total) 

Mean ± Standard Error 1.526 ± 0.1255 3.037 ± 0.2134 4.563 ± 0.3257 

Standard Deviation 2.3475 3.9923 6.0938 

Skewness ± Standard Error 1.725 ±   0.130 0.958 ±   0.130 1.047 ±   0.130 

t- statistic ± Standard Error 2.836 ± 0.260 -0.260 ± 0.260 0.005 ± 0.260 

Kolmogorov-Smirnov
a
: Statistic

 
0.322 0.357 0.353 

df 350 350 350 

Sig. 0.000 0.000 0.000 

Shapiro-Wilk: Statistic 0.706 0.757 0.757 

df 350 350 350 

Sig. 0.000 0.000 0.000 

All three of the Tree Condition variables exhibited positively-skewed distributions of which Tree Condition Index (Quantitative) was the most highly 

positively-skewed. Tree Condition Index (Qualitative) and Tree Condition Index (Total) were moderately positively-skewed (Table A-6). 

The kurtosis values for all the Tree Condition variables were less than 3, indicating that the data located in the tails of their distribution curves were 

less than that expected for a normally distributed population. All the Tree Condition variables had flatter peaks than that of a normal distribution. Tree 

Condition Index (Quantitative)‘s data distribution was the closest - and Tree Condition Index (Qualitative)‘s the furthest away from a normal distribution. 
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The Kolmogorov-Smirnov Tests that were conducted on Tree Condition Index (Quantitative) (D(350) = 0.322, p < 0.05),  Tree Condition Index 

(Qualitative) (D(350) = 0.357, p < 0.05), and Tree Condition Index (Total)  (D(350) = 0.353, p < 0.05) indicated that the distribution of the data did not fit 

the assumption of normality (Table A-6). 

The Shapiro-Wilk Test (Table A-6) indicated similar results for Tree Condition Index (Quantitative) (W(350) = 0.706, p . 0.05),  Tree Condition Index 

(Qualitative) (W(350) = 0.757, p < 0.05), and TCI (Total) (W(350) = 0.757, p . 0,05), indicating  a  95% certainty that the data were not normally 

distributed. Graphical tests for normality are shown in Figure 6-4. The histograms and the box plots indicated that the distributions of Tree Condition 

Index (Quantitative) were highly skewed to right and the distributions of Tree Condition Index (Qualitative) and Tree Condition Index (Total) were 

moderately skewed to the right.  Tree Condition Index (Total) had the widest- and Tree Condition Index (Qualitative) had the narrowest ranges in data 

values. Tree Condition Index (Total) presented one outlier and Tree Condition Index (Quantitative) presented four outliers with one of them being an 

extreme outlier. The Normal Quantile-Quantile Plots and the Detrended Normal Quantile-Quantile Plots indicated that all the data of Tree Condition 

Index (Quantitative), Tree Condition Index (Qualitative) and Tree Condition Index (Total) were too badly skewed to have come from a normal 

populationIt can therefore be concluded that all the sampled data, based on the outcomes of all the tests of normality that were conducted, were not 

normally distributed.  

 

APPENDIX 7: 

Table A-7.1 Univariate Analysis of Variance of raw- and log-transformed data in terms of the three derived Tree Condition Indices. 
 

Tests of Between-Subjects Effects 

Dependent Variable: Tree condition index (Quantitative) 
    

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 862.394
a
 49 17.600 4.977 .000 

Intercept 602.398 1 602.398 170.349 .000 

Treatment 215.186 4 53.797 15.213 .000 

Size-class 313.734 9 34.859 9.858 .000 

Treatment * Size-class 244.949 36 6.804 1.924 .002 

Error 1060.875 300 3.536 
  

Total 2738.000 350 
   

Corrected Total 1923.269 349 
   

a. R Squared = .448 (Adjusted R Squared = .358) 
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Dependent Variable: Tree condition index (Qualitative) 
    

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 2336.397
a
 49 47.682 4.434 .000 

Intercept 2391.906 1 2391.906 222.426 .000 

Treatment 261.336 4 65.334 6.075 .000 

Size-class 1170.902 9 130.100 12.098 .000 

Treatment * Size-class 801.881 36 22.274 2.071 .001 

Error 3226.120 300 10.754 
  

Total 8791.000 350 
   

Corrected Total 5562.517 349 
   

a. R Squared = .420 (Adjusted R Squared = .325) 

Dependent Variable: Tree condition index (Total) 
    

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 5691.075
a
 49 116.144 4.793 .000 

Intercept 5395.038 1 5395.038 222.658 .000 

Treatment 894.601 4 223.650 9.230 .000 

Size-class 2680.393 9 297.821 12.291 .000 

Treatment * Size-class 1755.415 36 48.762 2.012 .001 

Error 7269.042 300 24.230 
  

Total 20247.000 350 
   

Corrected Total 12960.117 349 
   

a. R Squared = .439 (Adjusted R Squared = .348) 

Dependent Variable: 
Log-Tree condition index 

(Quantitative)     
Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 17.379
a
 49 .355 4.968 .000 

Intercept 17.299 1 17.299 242.305 .000 

Treatment 2.048 4 .512 7.171 .000 

Size-class 9.410 9 1.046 14.645 .000 

Treatment * Size-class 4.919 36 .137 1.914 .002 

Error 21.418 300 .071 
  

Total 62.056 350 
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Corrected Total 38.797 349 
   

a. R Squared = .448 (Adjusted R Squared = ,358) 

Dependent Variable: 
Log-Tree condition index 

(Qualitative)     
Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 30.345
a
 49 .619 4.583 .000 

Intercept 36.444 1 36.444 269.678 .000 

Treatment 1.092 4 .273 2.021 .091 

Size-class 18.873 9 2.097 15.517 .000 

Treatment * Size-class 9.649 36 .268 1.983 .001 

Error 40.542 300 .135 
  

Total 119.961 350 
   

Corrected Total 70.887 349 
   

a. R Squared = .428 (Adjusted R Squared = .335) 

Dependent Variable: Log-Tree condition index (Total) 
    

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 41.854
a
 49 .854 4.660 .000 

Intercept 50.061 1 50.061 273.124 .000 

Treatment 1.688 4 .422 2.303 .059 

Size-class 26.322 9 2.925 15.957 .000 

Treatment * Size-class 12.736 36 .354 1.930 .002 

Error 54.987 300 .183 
  

Total 164.223 350 
   

Corrected Total 96.841 349 
   

a. R Squared = .432 (Adjusted R Squared = .339) 
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Table A-7.2 Estimated Marginal Means of different land-use types
19

 and most affected land-use types in terms of Tree Condition Index (Quantitative),  
Tree Condition Index (Qualitative) and Tree Condition Index (Total). 
 

 Land-use 1 Land-use 2 Land-use 3 Land-use 4 Land-use 5 

Tree Condition Index (Quantitative) – raw data 0.892 2.767 1.530 0.986 0.505 

Tree Condition Index (Quantitative) – log-transformed data 0.184 0.354 0.268 0.192 0.133 

Tree Condition Index (Qualitative) – raw data 1.500 4.178 2.694 2.652 2.288 

Tree Condition Index (Qualitative) – log-transformed data 0.250 0.419 0.356 0.311 0.308 

Tree Condition Index (Total) – raw data 2.392 6.946 4.224 3.638 2.793 

Tree Condition Index (Total) – log-transformed data 0.310 0.502 0.425 0.351 0.337 

 

 
Table A-7.3 Estimated Marginal Means of different size-class categories in terms of Tree Condition Index (Quantitative), Tree Condition Index (Qualitative)  
and Tree Condition Index (Total). 
 

 Size-
class 1 

Size-
class 2 

Size-
class 3 

Size-
class 4 

Size-
class 5 

Size-
class 6 

Size-
class 7 

Size-
class 8 

Size-
class 9 

Size-
class 10 

Tree Condition Index (Quantitative) – 
raw data 

0.600 0.650 2.000 2.954 2.070 2.361 0.700 1.539 0.040 0.448 

Tree Condition Index (Quantitative) – 
log-transformed data 

0.081 0.107 0.305 0.525 0.367 0.396 0.130 0.245 0.012 0.098 

Tree Condition Index (Qualitative) – 
raw data 

1.100 1.475 3.514 6.254 4.007 4.250 1.433 2.917 0.240 1.433 

Tree Condition Index (Qualitative) – 
log-transformed data 

0.108 0.162 0.409 0.774 0.518 0.548 0.181 0.368 0.034 0.185 

Tree Condition Index (Total) – raw 
data 

1.700 2.125 5.514 9.208 6.077 6.611 2.133 4.456 0.280 1.881 

Tree Condition Index (Total) – log-
transformed data 

0.125 0.186 0.483 0.903 0.616 0.652 0.212 0.429 0.36 0.208 

 

                                                           
19

 LU1= stocked with local game sans equid species LU2= donkeys kept with local game species in enclosed camps LU3= free ranging donkeys and local game species LU4= horses kept with  

local game species in enclosed camps LU5= zebras kept with local game species in enclosed camps 
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APPENDIX 8 
 
Table A-8. Results from pairwise comparisons for each of the Tree Condition variables. 
 

Tree Condition Index (Quantitative) Tree Condition Index (Qualitative) Tree Condition Index (Total) 

SC4 and SC1 (MD = 0.444, p ‹ 0.000) SC4 and SC1 (MD = 0.667, p ‹ 0.000), SC4 and SC1 (MD = 0.778, p ‹ 0.000) 

SC4 and SC2 (MD = 0.427, p ‹ 0.000) SC2 and SC4 (MD = 0.612, p ‹ 0.000) SC4 and SC2 (MD = 0.718, p ‹ 0.000) 

SC4 and SC7 (MD = 0.395, p ‹ 0.000) SC4 and SC7 (MD = 0.593, p ‹ 0.000) SC4 and SC7 (MD = 0.691, p ‹ 0.000) 

SC4 and SC8 (MD = 0.280, p ‹ 0.000) SC4 and SC8 (MD = 0.407, p ‹ 0.000) SC4 and SC8 (MD = 0.474, p ‹ 0.000) 

SC4 and SC9 (MD = 0.513, p ‹ 0.000) SC4 and SC9 (MD = 0.741, p ‹ 0.000) SC4 and SC9 (MD = 0.867, p ‹ 0.000) 

SC4 and SC10 (MD = 0.427, p ‹ 0.000) SC4 and SC10 (MD = 0.589, p ‹ 0.000) SC4 and SC10 (MD = 0.695, p ‹ 0.000) 

SC6 and SC1 (MD = 0.315, p ‹ 0.000) SC1 and SC5 (MD = 0.410, p ‹ 0.000) SC6 and SC1 (MD = 0.527, p ‹ 0.000) 

SC6 and SC2 (MD = 0.427, p ‹ 0.000) SC1 and SC6 (MD = 0.441, p ‹ 0.000) SC6 and SC2 (MD = 0.467, p ‹ 0.000) 

SC6 and SC9 (MD = 0.384, p ‹ 0.000) SC5 and SC9 (MD = 0.484, p ‹ 0.000) SC6 and SC9 (MD = 0.616, p ‹ 0.000) 

SC6 and SC10 (MD = 0.298, p ‹ 0.000) SC6 and SC9 (MD = 0.515, p ‹ 0.000) SC5 and SC9 (MD = 0.580, p ‹ 0.000) 

SC5 and SC9 (MD = 0.355, p ‹ 0.000) SC2 and SC6 (MD = 0.386, p = 0.001) SC2 and SC5 (MD = 0.431, p = 0.001) 

SC1 and SC5 (MD = 0.286, p = 0.001) SC3 and SC4 (MD = 0.366, p = 0.001) SC3 and SC4 (MD = 0.420, p = 0.001) 

SC5 and SC10 (MD = 0.269, p = 0.001) SC2 and SC5 (MD = 0.356, p = 0.002) SC6 and SC10 (MD = 0.44, p = 0.001) 

SC3 and SC9 (MD = 0.293, p = 0.001) SC6 and SC7 (MD = 0.367, p = 0.003) SC6 and SC7 (MD = 0.440, p = 0.002) 

SC2 and SC5 (MD = 0.260, p = 0.002) SC6 and SC10 (MD = 0.363, p = 0.003) SC3 and SC9 (MD = 0.447, p = 0.003) 

SC6 and SC7 (MD = 0.266, p = 0.003) SC3 and SC9 (MD = 0.375, p = 0.004) SC5 and SC10 (MD = 0.408, p = 0.003) 

SC5 and SC7 (MD = 0.238, p = 0.011) SC5 and SC7 (MD = 0.337, p = 0.007) SC5 and SC7 (MD = 0.404, p = 0.005) 

SC3 and SC4 (MD = 0.220, p = 0.017) SC5 and SC10 (MD = 0.333, p = 0.008) SC8 and SC9 (MD = 0.393, p = 0.016) 

SC8 and SC9 (MD = 0.233, p = 0.030) SC8 and SC9 (MD = 0.334, p = 0.018) SC1 and SC3 (MD = 0.358, p = 0.050) 

SC1 and SC3 (MD = 0.224, p = 0.049) SC4 and SC5 (MD = 0.257, p = 0.049)  
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APPENDIX 9 

Table A-9 Sample sizes (n) of the different land-use types and different size-class categories. 

 
Factor: Levels: Sample size: n Factor: Levels: Sample size: n 

Treatment: LU1 68 Size-class: SC1 30 

 LU2 74  SC2 34 

 LU3 69  SC3 32 

 LU4 66  SC4 50 

 LU5 73  SC5 42 

    SC6 38 

    SC7 30 

    SC8 34 

    SC9 29 

    SC10 31 

LU1= stocked with local game sans equid species LU2= donkeys kept with local game species in enclosed camps LU3= free ranging donkeys and local game species LU4= horses kept with local  
game species in enclosed camps LU5= zebras kept with local game species in enclosed camps 

  

APPENDIX 10 
 

Table A-10 Record of all the medium and large effect sizes produced by the interaction effect of land-use type and size-class on Tree Condition Index (Quantitative), 
Tree Condition Index (Qualitative) and Tree Condition Index (Total)). The first value represents the size-class, the second value represents the effect size and the third 
value, preceded by a  #, represents the ranking position in terms of the effect size per column heading. 
 

TCI(QN) TCI(QN) TCI(QN) TCI(QN) TCI(QN) TCI(QN) TCI(QN) TCI(QN) TCI(QN) TCI(QN) 

LU1 W LU2 LU1 W LU3 LU1 W LU4 LU1 W LU5 LU2 W LU3 LU2 W LU4 LU2 W LU5 LU3 W LU4 LU3 W LU5 LU4 W LU5 

L M L M L M L M L M L M L M L M L M L M 

1-1.13#3 6-0.51#2 3-1.68#1 2-0.79#1 0 2-0.79#1 6-0.93 2-0.79 1-1.13#3 4-0.65#2 2-1.21#2 8-0.70 1-1.13#5 5-0.58#1 3-2.09 #1 0 3-2.09 #1 0 4-1.05#1 5-0.79#1 

3-1.86#1 8-0.76#1 5-0.86#4 4-0.74#2 
 

4-0.58#2 
  

2-1.21#2 5-0.67#1 3-2.27#1 
 

2-1.21#4 8-0.56#2 7-0.86#3 
 

4-1.20#3 
 

6-1.00#2 10-0.64#2 
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4-1.39#2 
 

7-1.24#2 
     

7-0.80#5 6-0.65#2 4-0.81#3 
 

3-2.27#1 10-0.54#3 8-0.95#2 
 

5-1.25#2 
   

  
8-0.89#3 

     
8-1.65#1 

   
4-1.86#2 

 
10-0.81#4 

 
6-0.80#6 

   

        
10-0.81#4 

   
6-1.44#3 

   
7-0.86#5 

   

                
8-1.09#4 

   
TCI(QL) TCI(QL) TCI(QL) TCI(QL) TCI(QL) TCI(QL) TCI(QL) TCI(QL) TCI(QL) TCI(QL) 

LU1 W LU2 LU1 W LU3 LU1 W LU4 LU1 W LU5 LU2 W LU3 LU2 W LU4 LU2 W LU5 LU3 W LU4 LU3 W LU5 LU4 W LU5 

L M L M L M L M L M L M L M L M L M L M 

1-0.97 #3 0 2-1.04 #4 4-0.73 2-1.04 #2 5-0.72 2-1.04 #1 8-0.61 1-0.97 #3 0 2-1.17 #2 0 1-0.97 #4 4-0.66 #2 3-1.68 #1 4-0.51 #2 3-1.68 #1 10-0.53 4-0.82 #2 6-0.73 

3-1.55 #1 
 

3-1.40 #1 
 

4-1.24 #1 
 

10-1.00 #2 
 

2-1.17 #2 
 

3-1.83 #1 
 

2-1.17 #3 6-0.68 #1 7-0.83 #3 5-0.55 #1 5-0.82 #4 
 

10-1.35 #1 
 

4-1.09 #2 
 

5-1.27 #2 
     

5-0.89 #4 
   

3-1.83 #1 
 

8-1.18 #2 
 

7-0.86 #3 
   

  
7-1.24 #3 

     
7-0.81 #6 

   
10-1.33 #2 

 
10-0.82 #4 

 
8-1.63 #2 

   

  
8-1.02 #5 

     
8-1.18 #1 

           

        
10-0.82 #5 

           
TCI(T) TCI(T) TCI(T) TCI(T) TCI(T) TCI(T) TCI(T) TCI(T) TCI(T) TCI(T) 

LU1 W LU2 LU1 W LU3 LU1 W LU4 LU1 W LU5 LU2 W LU3 LU2 W LU4 LU2 W LU5 LU3 W LU4 LU3 W LU5 LU4 W LU5 

L M L M L M L M L M L M L M L M L M L M 

1-1.00#3 0 2-1.02#5 4.0,67 2-1.02#1 5-0.56 2-1.02#1 6-0.59#1 1-1.00#3 0 2-1.15#2 1-0.55 1-1.00#4 0 3-1.80#1 5-0.57 3-1.80#1 4-0.50 4-0.83#2 6-0.76 

3-1.54#1 
 

3-1.47#1 
 

4-1.01#2 
 

10-0.86#2 8-0.53#2 2-1.15#2 
 

3-1.87#1 
 

2-1.15#3 
 

7-0.84 #3 
 

5-0.93#3 
 

10-1.24#1 
 

4-1.06#2 
 

5-1.13#3 
     

5-0.91#4 
   

3-1.87#1 
 

8-1.12#2 
 

7-0.86#4 
   

  
7-1.25#2 

     
7-0.82#6 

   
4-0.89#5 

 
10-0.83#4 

 
8-1.56#2 

   

  
8-1.03#4 

     
8-1.30#1 

   
6-0.81#6 

       

        
10-0.83#5 

   
10-1.31#2 

       
LU1= stocked with local game sans equid species LU2= free ranging donkeys kept with local game species in enclosed camps LU3= free ranging donkeys and local game species  
LU4= free ranging horses kept with local game species in enclosed camps LU5= free ranging zebras kept with local game species in enclosed camps 
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APPENDIX 11 
 
Table A-11. Interaction effect of land-use type and size-class category on Tree Condition. 

 

 Treatment * Size class 
    

Dependent Variable: Log Tree Condition Index (Quantitative) 
     

Treatment Mean Std. Error 
95% Confidence Interval Effect size (d) across treatments: 

Lower Bound Upper Bound 
   

LU1 

SC1 -1.110E-16 .109 -.215 .215 LU1 with LU2 with LU3 with LU4 with 

SC2 .210 .094 .024 .396 
    

SC3 .159 .109 -.056 .374 
    

SC4 .405 .094 .219 .591 
    

SC5 .310 .094 .124 .496 
    

SC6 .421 .094 .236 .607 
    

SC7 -2.776E-17 .109 -.215 .215 
    

SC8 .239 .109 .024 .453 
    

SC9 3.539E-16 .109 -.215 .215 
    

 SC10 .100 .109 -.114 .315     

LU2 

SC1 .303 .109 .089 .518 1.13** 
   

SC2 .324 .094 .138 .510 0.43 
   

SC3 .656 .101 .457 .855 1.86** 
   

SC4 .776 .074 .630 .922 1.39** 
   

SC5 .362 .101 .163 .561 0.20 
   

SC6 .559 .094 .373 .744 0.51* 
   

SC7 .116 .109 -.098 .331 0.44 
   

SC8 .442 .101 .243 .640 0.76* 
   

SC9 8.465E-16 .109 -.215 .215 0.00 
   

 SC10 9.714E-17 .109 -.215 .215 0.38    

LU3 
SC1 -2.567E-16 .109 -.215 .215 0.00 1.13** 

  
SC2 -1.527E-16 .109 -.215 .215 0.79* 1.21** 
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SC3 .608 .101 .409 .807 1.68** 0.18 
  

SC4 .602 .089 .426 .777 0.74* 0.65* 
  

SC5 .540 .084 .374 .706 0.86** 0.67* 
  

SC6 .386 .101 .187 .584 0.13 0.65* 
  

SC7 .330 .109 .116 .545 1.24** 0.80** 
  

SC8 -1.249E-16 .109 -.215 .215 0.89** 1.65** 
  

SC9 -1.665E-16 .109 -.215 .215 0.00 0.00 
  

 SC10 .217 .109 .002 .432 0.44 0.81**   

LU4 

SC1 .100 .109 -.114 .315 0.38 0.76* 0.38 
 

SC2 -6.245E-17 .109 -.215 .215 0.79* 1.21** 0.00 
 

SC3 .050 .109 -.164 .265 0.41 2.27** 2.09** 
 

SC4 .561 .094 .375 .747 0.58* 0.81** 0.15 
 

SC5 .417 .094 .231 .603 0.40 0.20 0.46 
 

SC6 .440 .101 .241 .639 0.07 0.44 0.20 
 

SC7 .100 .109 -.114 .315 0.38 0.06 0.86** 
 

SC8 .254 .101 .055 .453 0.06 0.70* 0.95** 
 

SC9 6.939E-18 .109 -.215 .215 0.00 0.00 0.00 
 

 SC10 2.082E-17 .109 -.215 .215 0.38 0.00 0.81**  

LU5 

SC1 1.318E-16 .109 -.215 .215 0.00 1.13** 0.00 0.38 

SC2 2.359E-16 .109 -.215 .215 0.79* 1.21** 0.00 0.00 

SC3 .050 .109 -.164 .265 0.41 2.27** 2.09** 0.00 

SC4 .280 .077 .128 .432 0.47 1.86** 1.20** 1.05** 

SC5 .206 .089 .031 .382 0.39 0.58* 1.25** 0.79* 

SC6 .173 .094 -.013 .358 0.93** 1.44** 0.80** 1.00** 

SC7 .100 .109 -.114 .315 0.38 0.06 0.86** 0.00 

SC8 .292 .094 .106 .478 0.20 0.56* 1.09** 0.14 

SC9 .060 .119 -.175 .295 0.23 0.23 0.23 0.23 

 SC10 .172 .101 -.027 .371 0.27 0.54 0.17 0.64* 
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Dependent Variable: Log Tree Condition Index (Qualitative)  
   

     

Treatment Mean Std. Error 
95% Confidence Interval Effect size (d) across treatments: 

Lower Bound Upper Bound 
   

LU1 

SC1 5.551E-17 .150 -.295 .295 LU1 with LU2 with LU3 with LU4 with 

SC2 .381 .130 .125 .637 
    

SC3 .233 .150 -.062 .528 
    

SC4 .518 .130 .262 .774 
    

SC5 .310 .130 .054 .565 
    

SC6 .552 .130 .296 .807 
    

SC7 2.220E-16 .150 -.295 .295 
    

SC8 .374 .150 .079 .669 
    

SC9 9.437E-16 .150 -.295 .295 
    

 SC10 .130 .150 -.166 .425     

LU2 

SC1 .358 .150 .062 .653 0.97** 
   

SC2 .430 .130 .174 .686 0.13 
   

SC3 .803 .139 .530 1.077 1.55** 
   

SC4 .917 .102 .717 1.118 1.09** 
   

SC5 .449 .139 .175 .722 0.38 
   

SC6 .644 .130 .388 .900 0.25 
   

SC7 .159 .150 -.136 .454 0.43 
   

SC8 .433 .139 .160 .707 0.16 
   

SC9 6.939E-16 .150 -.295 .295 0.00 
   

 SC10 1.943E-16 .150 -.295 .295 0.35    

LU3 

SC1 -1.110E-16 .150 -.295 .295 0.00 0.97** 
  

SC2 -2.220E-16 .150 -.295 .295 1.04** 1.17** 
  

SC3 .747 .139 .474 1.020 1.40** 0.15 
  

SC4 .787 .123 .546 1.028 0.73* 0.35 
  



132 
 

SC5 .777 .116 .549 1.006 1.27** 0.89** 
  

SC6 .489 .139 .216 .762 0.17 0.42 
  

SC7 .455 .150 .160 .751 1.24** 0.81** 
  

SC8 -1.665E-16 .150 -.295 .295 1.02** 1.18** 
  

SC9 6.661E-16 .150 -.295 .295 0.00 0.00 
  

 SC10 .300 .150 .005 .595 0.46 0.82**   

LU4 

SC1 .180 .150 -.115 .475 0.49 0.48 0.49 
 

SC2 -1.388E-16 .150 -.295 .295 1.04** 1.17** 0.00 
 

SC3 .130 .150 -.166 .425 0.28 1.83** 1.68** 
 

SC4 .976 .130 .720 1.231 1.24** 0.16 0.51* 
 

SC5 .576 .130 .320 .831 0.72* 0.35 0.55* 
 

SC6 .662 .139 .389 .935 0.30 0.05 0.47 
 

SC7 .151 .150 -.145 446 0.41 0.02 0.83** 
 

SC8 .433 .139 .160 .707 0.16 0.00 1.18** 
 

SC9 1.943E-16 .150 -.295 295 0.00 0.00 0.00 
 

 SC10 -1.943E-16 .150 -.295 .295 0.35 0.00 0.82**  

LU5 

SC1 -1.110E-16 .150 -.295 .295 0.00 0.97** 0.00 0.49 

SC2 8.327E-16 .150 -.295 .295 1.04** 1.17** 0.00 0.00 

SC3 .130 .150 -.166 .425 0.28 1.83** 1.68** 0.00 

SC4 .674 .106 .465 .882 0.42 0.66* 0.31 0.82** 

SC5 .478 .123 .236 .719 0.46 0.08 0.82** 0.27 

SC6 .395 .130 .139 .651 0.43 0.68* 0.26 0.73* 

SC7 .141 .150 -.154 .436 0.38 0.05 0.86** 0.03 

SC8 .598 .130 .342 .853 0.61* 0.45 1.63** 0.45 

SC9 .169 .164 -.155 .493 0.46 0.46 0.46 0.46 

 SC10 .495 .139 .222 .769 1.00** 1.33** 0.53* 1.35** 
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Dependent Variable: Log Tree Condition 

Index (Total)        

Treatment Mean Std. Error 
95% Confidence Interval Effect size (d) across treatments: 

Lower Bound Upper Bound 
   

LU1 

SC1 -1.388E-16 .175 -.344 .344 LU1 with LU2 with LU3 with LU4 with 

SC2 .438 .151 .140 .736 
    

SC3 .282 .175 -.062 .626 
    

SC4 .654 .151 .356 .951 
    

SC5 .437 .151 .139 .735 
    

SC6 .689 .151 .391 .987 
    

SC7 0.000 .175 -.344 .344 
    

SC8 .441 .175 .097 .785 
    

SC9 3.608E-16 .175 -.344 .344 
    

 SC10 .159 .175 -.185 .503     

LU2 

SC1 .430 .175 .086 .774 1.00** 
   

SC2 .491 .151 .193 .788 0.12 
   

SC3 .940 .162 .622 1.259 1.54** 
   

SC4 1.108 .119 .875 1.342 1.06** 
   

SC5 .530 .162 .211 .848 0.22 
   

SC6 .782 .151 .484 1.080 0.22 
   

SC7 .186 .175 -.158 .530 0.43 
   

SC8 .558 .162 .240 .877 0.27 
   

SC9 5.551E-16 .175 -.344 .344 0.00 
   

 SC10 -1.110E-16 .175 -.344 .344 0.37    

LU3 

SC1 -2.220E-16 .175 -.344 .344 0.00 1.00** 
  

SC2 -3.886E-16 .175 -.344 .344 1.02** 1.15** 
  

SC3 .912 .162 .594 1.231 1.47** 0.06 
  

SC4 .941 .143 .660 1.222 0.67* 0.39 
  

SC5 .919 .135 .652 1.185 1.13** 0.91** 
  

SC6 .594 .162 .275 .912 0.22 0.44 
  

SC7 .535 .175 .191 .879 1.25** 0.82** 
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SC8 1.943E-16 .175 -.344 .344 1.03** 1.30** 
  

SC9 3.331E-16 .175 -.344 .344 0.00 0.00 
  

 SC10 .353 .175 .009 .697 0.45 0.83**   

LU4 

SC1 .196 .175 -.148 .540 0.46 0.55* 0.46 
 

SC2 -1.943E-16 .175 -.344 .344 1.02** 1.15** 0.00 
 

SC3 .141 .175 -.203 .485 0.33 1.87** 1.80** 
 

SC4 1.084 .151 .786 1.382 1.01** 0.06 0.33 
 

SC5 .677 .151 .379 .975 0.56* 0.34 0.57* 
 

SC6 .761 .162 .443 1.080 0.17 0.05 0.39 
 

SC7 .174 .175 -.170 .518 0.41 0.03 0.84** 
 

SC8 .480 .162 .161 .798 0.09 0.18 1.12** 
 

SC9 3.608E-16 .175 -.344 .344 0.00 0.00 0.00 
 

 SC10 -1.943E-16 .175 -.344 .344 0.37 0.00 0.83**  

LU5 

SC1 1.665E-16 .175 -.344 .344 0.00 1.00** 0.00 0.46 

SC2 -2.776E-16 .175 -.344 .344 1.02** 1.15** 0.00 0.00 

SC3 .141 .175 -.203 .485 0.33 1.87** 1.80** 0.00 

SC4 .729 .124 .486 .972 0.18 0.89** 0.50* 0.83** 

SC5 .520 .143 .239 .800 0.19 0.02 0.93** 0.37 

SC6 .435 .151 .137 .733 0.59* 0.81** 0.37 0.76* 

SC7 .167 .175 -.177 .511 0.39 0.04 0.86** 0.02 

SC8 .667 .151 .369 .964 0.53* 0.25 1.56** 0.44 

SC9 .181 .191 -.196 .557 0.42 0.42 0.42 0.42 

 SC10 .529 .162 .210 .847 0.86** 1.31** 0.41 1.24** 

 
                          d < 0.5: non-significant; d > 0.5 = medium effect* and d > 0.8 = large effect** 
 

 

 

 

 


