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CHAPTER ONE: GENERAL INTRODUCTION

1.1 Introduction

“Ecosystems are facing ever increasing levels of human pressures which imperil the goods and

services they provide to humanity” (Mouillot et al., 2011)

The consequence of human activities has effects on multiple scales, leading to a chain reaction of
extreme modification of biotic structure and composition, which in turn influences the ways in which
ecosystems function (Chapin et al.,, 2000; Hooper et al., 2005; Schulze & Mooney, 1993). Human
decisions and actions are driven by their socio-economic aspirations, which are in turn adversely
affecting the environment through altering species traits (Chapin et al., 2000). Altered species traits
ultimately affect biodiversity and ecosystem processes, which in turn influence the socio-economic

activities of humans (Chapin et al., 2000) (Figure 1.1).
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Figure 1.1: The connection between human activities and global change through alteration of biotic and
abiotic aspects of an ecosystem, which influences the ecosystem properties and processes. A change in
ecosystem processes and properties may alter biodiversity directly or through altering the abiotic
environment. Species traits are also influenced by changes in biodiversity, ultimately influencing
ecosystem goods and services. Altered goods and services may influence human activities (such as human
reaction to environmental problems) (after Chapin et al. 2000).
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In order to provide for their most basic needs such as food and shelter, humans have caused the
destruction and transformation of many habitats across the globe (August ef al., 2002; Ojima et al.,
1994). An increasing number of people on earth reside in urban areas, with no predictable decrease in
the rate of urban settlement (Niemela et al., 2011). The landscapes that result from urbanisation are
extensively modified, but there is little knowledge on how an urban matrix influences ecosystem
processes and biological diversity (Niemela et al., 2011). The study of urban-rural gradients has the
possibility of improving our understanding of how organisms respond to the continuous process of

urbanisation with humans as an integral part of urban ecosystems (McDonnell & Pickett, 1990).

Grasslands are known to be biologically diverse, productive, and occur in mineral rich soils (Gibson,
2009; Henwood, 1998), which is why it has been a popular biome for agriculture, mining, and human
settlement in South Africa (Fairbanks ef al., 2000) resulting in extensive transformation,
fragmentation, biodiversity loss, and exotic invasions (Mucina & Rutherford, 2006). Several
vegetation units in the Grassland biome of South Africa are regarded as vulnerable and endangered,
including the Rand Highveld Grassland in which this study was conducted (Mucina & Rutherford,
2006). Vegetation performs many functions (e.g. regulation of biogeochemical cycles) and delivers
many goods (e.g. food and shelter) and services (such as climate regulation, nutrient cycling,
hydrologic and atmospheric cycles) which are not only important for human well-being (Christensen
et al., 1996; Daily, 1997; Henry, 2005) but also for the persistence of ecological processes within
biological communities (Tilman, 2001). The characteristics of species and the suites of species traits
present in ecosystems have also surfaced as being good indicators for the rate of ecological processes
(response traits) (Mason et al., 2005) and may also have substantial influences on ecosystems (effect

traits) (Chapin ef al., 1997).

When determining whether a landscape is functioning optimally, in terms of fine-scale
biogeochemical parameters, the processes and fluxes of matter within the landscape must be
considered (Tongway & Hindley, 2004). Healthy, self-sustaining landscapes possess fine-scale
patchiness (e.g. vegetation patches) that are able to capture and conserve water and resources flowing
through the system (resource sinks), and are characterised by soil surface properties that are indicative
of stable, permeable, and nutrient-rich soils (Ludwig et al., 2005; Tongway & Hindley, 2004;
Tongway & Ludwig, 2006).

In this dissertation an urbanisation gradient approach will be used to quantify matrix conditions and
the possible effects thereof on the plant diversity and certain ecosystem processes of grassland
fragments in the vulnerable South African Rand Highveld Grassland vegetation unit (Mucina &
Rutherford, 2006). The landscape matrix is the most encompassing landscape component (Forman &
Godron, 1986), and for the purpose of this study it is the landscape type (e.g. urban or rural) in which

the selected grassland fragments are imbedded.
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1.2 Research objectives

1.2.1 General objective

In this study the aim is to explore the differences and similarities between grassland fragments,
positioned along an indirect urban-rural gradient, in terms of plant species composition, species
diversity, plant functional diversity, and fine-scale biogeochemical landscape functionality in the
Rand Highveld Grassland vegetation type in the Tlokwe Municipal area. This comparison between
plant species- and landscape function properties for rural and urban selected grassland fragments will

allow for recommendations to be made in terms of conservation priorities of the grassland remnants.

1.2.2 Specific objectives

The specific objectives of this study are:

e To quantify an urbanisation gradient in the Tlokwe Municipal area using landscape metrics
and demographic- and physical variables. The selected urbanisation measures will be used as
indicators for specific anthropogenic influences such as percentage impervious surfaces,
density of people, habitat loss, and fragmentation.

e To compare species diversity and —composition, and plant functional diversity of the Rand
Highveld Grassland remnants situated in matrix areas along an urbanisation gradient.

e To compare the landscape functionality and spatial attributes of Rand Highveld Grassland
remnants which are exposed to varying degrees of adjacent anthropogenic disturbance

e To investigate relationships between fine-scale biogeochemical landscape functionality, plant

species diversity and plant functional diversity.

1.2.3 Hypotheses

The hypotheses set for this study that selected grassland fragments situated in matrix areas exposed to

increased human impacts will:

e Contain more exotic species with higher species diversity and functional diversity.

e Support different proportions of specific plant traits.

e Be characterised by a fine-scale landscape structure that is diagnostic of a system that is not
actively capturing and conserving vital resources such as soil particles, water and nutrients.
e Have lower stability, infiltration and nutrient cycling soil surface indices, resulting in lower

total Soil Surface Assessment (SSA) functionality

than rural/peri-urban areas.
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1.3 Study area

The city of Potchefstroom is situated in the Tlokwe Municipality, North West Province, South Africa
(Figure 1.2). The North West Province predominantly falls within two biomes namely the Savanna
and Grassland Biomes. The study area is located in the Grassland Biome, specifically the Rand
Highveld Grassland vegetation type (Mucina & Rutherford, 2006). More detailed information
regarding the Rand Highveld Grassland vegetation type is given in Chapter 2, Section 2.2.1: The Rand
Highveld Grassland. The North West Province contains approximately 3025 plant species, 138
mammals, 384 birds, 27 amphibians and 59 reptile species (NWDACE, 2008). An area of 67.8% of
the North West Province consists of natural grasslands, thickets, woodlands and forests (NWDACE,
2008). Only 2.1% of the province consists of urban development which is predominantly concentrated
in the eastern parts of the province, with the most population growth occurring in the Rustenburg,

Klerksdorp, and Potchefstroom areas (NWDACE, 2008).

A total of 41% of the North West Province’s population resides in urban areas (Stats SA, 2006). The
rate of urbanisation in this province may be accounted for by the scarcity of employment
opportunities in rural areas (NWDACE, 2008). New urban development usually occurs on the fringe
of existing urban areas, thereby perpetuating urban sprawl, and often resulting in haphazard growth of
the urban centre in areas which may be unsuitable for human settlement (NWDACE, 2008). Such
unplanned and disorganised development exerts pressures on ecosystem goods and services

(NWDACE, 2008).

Approximately 30% of the land cover of the North West Province has been transformed, of which
approximately 1% of the area was converted to non-natural land uses between 1994 and 2006 and
amounts to about 106 000 ha/year (NWDACERD, 2009). This may be a disturbing statistic when
considering the direct implication that there will be no natural habitat left within the North West
Province within 60 years if the common trend of land transformation continues (NWDACERD,
2009). Agriculture accounts for 73%, urbanisation for 24%, and mining for 3% of land use
transformation in the North West Province (NWDACERD, 2009). The main drivers of biodiversity
loss in the North West Province are the unsustainable usage of natural resources (such as overgrazing
and water abstraction), land use transformation through urbanisation and agriculture, and subsequent
invasion of exotic species (NWDACE, 2008; NWDACERD, 2009). There are 71 plant species in the
North West Province recorded as invasive species, 42% of which are well established and already

have a significant effect on natural ecosystems (NWDACE, 2008).

1.3.1 Selected grassland fragments
A total of 30 grassland fragments were selected (mean area = 27.56 ha, median = 4.14 ha, range =
0.59-179.41 ha) in and around Potchefstroom, situated in the Tlokwe Municipality, North West

Province, South Africa (Figure 1.2).
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Figure 1.2: Map of the selected grassland patches in the study area in the Rand Highveld Grassland
vegetation unit, situated in the Tlokwe Municipal area. The overview map (bottom right hand corner)
indicates the location of the study area within the North West Province, South Africa.

The potential grassland fragments were first identified using SPOT 5 satellite images (CNES, 2007).
These grassland remnants were subsequently explored to ensure that they met the criteria for selection

of the grassland patches. The criteria for the selection of the grassland fragments were:

e All grassland fragments should be located within the Rand Highveld Grassland vegetation

unit.
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e The grassland patches must be fragments, separated and isolated from surrounding grassland

areas by roads, urban development, or agricultural fields.

o  Themeda triandra, one of the dominant grass species of the Rand Highveld Grassland, should

be present.
e QGrassland fragments should be selected in both urban and rural areas.
e (Grassland remnants in rural areas may not be old agricultural fields or cultivated pastures.

e Patches should be minimally disturbed and as ‘natural’ as possible (i.e. no dumping has

occurred, no old fields or planted pastures: grazing and mowing are permitted).

Although it was ideally endeavoured to include more than 30 grassland fragments in the study, the
presence of grassland fragments within the Rand Highveld Grassland vegetation type in the Tlokwe
Municipality were limited. Many of the grassland patches that were identified on SPOTS images
(CNES, 2007) were found during ground inspection to include old fields, planted grass pastures, or
dumping sites. These did not fulfil the above mentioned criteria. The sizes of the selected grassland
fragments varied greatly (size range = 0.59 ha — 179.41 ha). The number of sample plots per grassland
remnant was determined by its size: 2 sample plots for grassland fragments smaller than 8ha, 3 for
grassland remnants larger than 8 ha, and 5 sample plots for the largest grassland fragments exceeding

100 ha. The 30 selected grassland fragments and their attributes are listed in Table 1.1.

1.4 Exposition of dissertation

In this section a brief overview of the concepts and methods applied in this study is provided. The
methods are elaborately discussed in the Materials and methods section of each chapter. A concise

synopsis of each chapter is as follows:

Introductory chapters to this dissertation include a general overview of the study area (see Section 1.3

of this chapter) and a literature review (Chapter 2) of the concepts of interest for this study.

Chapter 3 describes concepts of remote sensing and digital image classification. The classification of
the SPOT 5 satellite image into five land cover classes (namely water, trees, grass, soil, and urban)
using GIS techniques was the first step to further calculating urbanisation measures (Chapter 4) for

the selected grassland fragments.
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The urban-rural gradient was quantified in Chapter 4. Eight urbanisation measures were calculated for
the entire study area, followed by a Factor Analysis to determine the most suitable measures. The
selected measures were subsequently calculated for a 500m radius matrix area surrounding the edge
of each selected grassland fragment within the study area, to determine its position along the urban-
rural gradient. Each selected urbanisation measure acted as an indicator for certain anthropogenic
influences of importance for this study (e.g. urbanisation, percentage impervious surfaces,

fragmentation, habitat loss).

Chapter 5 focuses on the plant species diversity and plant functional diversity. Vegetation survey
techniques were performed in order to determine the plant species diversity. Certain functional traits
were also described for each plant species to determine the functional diversity of each selected
grassland remnant. The selected urbanisation measures (Chapter 4) were statistically correlated with
plant species diversity and plant functional diversity data in order to determine whether certain

anthropogenic disturbances influence these components of biodiversity.

Fine-scale biogeochemical landscape function was determined in Chapter 6 by performing Landscape
Function Analysis (LFA). The LFA field method (Tongway & Hindley, 2004) includes the recording
of physical landscape patch attributes. Eleven Soil Surface Assessment (SSA) indicators were
examined to reflect three main functionality parameters, namely stability, infiltration, and nutrient
cycling. The LFA data (physical landscape attributes and soil surface function) were correlated with
the selected urbanisation measures in order to express whether certain anthropogenic disturbances

influence biogeophysical landscape function.

In conclusion, to determine the effects of urbanisation on the plant species diversity, plant functional
diversity, and landscape functionality the focus was on two types of variables, namely (1) matrix
variables and (2) intra-patch variables (Figure 1.3). Matrix variables are the urbanisation measures
(Chapter 4) which are used to describe the matrix environment in which the selected grassland
fragments are situated, and will also determine the position of the grassland remnants along an urban-
rural gradient. Intra-patch variables are the variables that were studied within each grassland
fragment, and included (1) plant species diversity, (2) plant functional diversity (Chapter 5), and (3)
landscape functionality (Chapter 6) (Figure 1.3).
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Figure 1.3: Summary of the elements constituting this study.

This dissertation is concluded (Chapter 7) by exploring relationships between all the data. Do plant
species composition and diversity, and the range of functions they perform in a landscape, have any
relationship with fine-scale biogeochemical landscape function, and what role does matrix quality and
management practices play in affecting intra-patch variables? We also summarise the results, bring it
into the context of the literature study (Chapter 2), identify possible shortcomings of this study, and

make recommendations in terms of future studies, and management— and conservation practices.
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