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CHAPTER FOUR: QUANTIFYING AN URBANISATION
GRADIENT

4.1 Introduction

“Urban ecological systems present multiple challenges to ecologists— pervasive human impact and
extreme heterogeneity of cities, and the need to integrate social and ecological approaches, concepts,

and theory” (Grimm et al. 2000)

The use of an urbanisation gradient approach has improved our understanding of how organisms
respond to the continuous process of urbanisation with humans as an integral part of urban ecosystems
(McDonnell & Pickett, 1990). Urban-rural gradients in studies have predominantly been quantified
using concentric zones from the urban core outwards (Kroll et al., 2012; Pillsbury & Miller; 2008;
Sadler et al.2006), and objective quantification using GIS methods (Hahs & McDonnell, 2006; Hunt
et al., 2013; Lockaby et al. ,2005; Luck & Wu, 2002; Williams et al., 2005). Furthermore, the use of
spatial metrics to quantify landscape-level structure and pattern has become an increasingly useful
tool, and if used in conjunction with remote sensing, may provide detailed spatial information about
urban structural dynamics (Herold et al., 2005). The demand for measurement of landscape pattern
and process are motivated by the concept that ecological processes are possibly connected to, and
driven by coarse-scale ecological patterns (Gustafson, 1998). Pattern and process are widely accepted
as being interactional where “process creates, modifies, and maintains pattern” and “pattern
constrains, promotes, or neutralizes process” (Li & Wu, 2004). Landscape metrics (spatial metrics)
are widely used to quantify vegetation structure and pattern in natural landscapes (Gustafson, 1998;
Hargis et al,1998; O*Neill et al., 1988) and are used to describe the spatial heterogeneity of
individual patches belonging to a common land cover class or the entire landscape as a collection of

patches (Herold et al., 2005).

Luck and Wu (2002) studied the landscape pattern dynamics of the Phoenix metropolitan area
(Arizona, USA) along an urban-rural gradient using gradient analysis in combination with landscape
metrics. They concluded that different land use types were characterised by distinct spatial signatures
and correlated with certain spatial metrics. This accentuated the importance of urbanisation gradient
quantification for associating pattern and process in urban ecological research (Luck & Wu, 2002).
Hahs & McDonnell (2006) quantified an urban-rural gradient for Melbourne using a combination of
landscape metrics and demographic- and physical variables for a more complete expression of
ecological responses to urbanisation. Du Toit (2009) tested these urbanisation measures for
Klerksdorp, a South African city, and confirmed the usefulness of using landscape metrics in

association with demographic- and physical variables. However, Du Toit & Cilliers (2011) identified
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several aspects that must be taken into account when using urbanisation measures to quantify an
urban-rural gradient, namely analysis scale, spatial resolution, classification typology, input data

accuracy, measure equations, statistical analysis type, and habitat context.

4.1.1 Objectives

The specific objectives of this chapter are as follows:

1. Test and select applicable urbanisation measures used by Du Toit (2009) for each 500 m? grid

cell of the land cover map (created in Chapter 3) using GIS techniques.

2. Select urbanisation measures to further describe an entire landscape urban-rural gradient

within the study area.

3. Use the selected urbanisation measures as indicators for anthropogenic influences within the

study area.

4. Calculate the selected urbanisation measures for the matrix within 500 m from the edge of all

selected grassland fragments.

5. Classify the selected grassland fragments into urbanisation classes based on selected
urbanisation measures using objective statistical methods to determine the position of the

selected grassland fragments along the urbanisation gradient.

The successful quantification of an urbanisation gradient and the classification of the selected
grassland fragments into urbanisation classes will enable the determination of the effects of
urbanisation intensity on plant species diversity and plant functional diversity (Chapter 5), as well as

biogeochemical landscape function (Chapter 6).

4.2 Methods

A landscape grid, consisting of 5846 500 m? cells, was created for the 1461.5 km? study area in the
Tlokwe Municipal area (Figure 4.1). Hahs & McDonnell (2006) & Du Toit (2009) used 1 km? grid
cells, which for the purpose of this study were too coarse, especially for testing possible correlations
with fine-scale landscape functionality. The use of landscape grids has been applied for whole
landscape pattern investigation and more accurate description of complex, non-linear urbanisation
gradients (Abdullah & Nakagoshi, 2006; Du Toit, 2009; Du Toit & Cilliers, 2011; Hahs &
McDonnell, 2006; Honnay et al., 2003; McDonnell & Hahs, 2008; Yeh & Huang, 2009). To
determine the urbanisation degree of a specific landscape patch in context with the landscape grid,
and because the landscape patches do not necessarily fit in a single grid cell, Hahs & McDonnell

(2006) and Du Toit (2009) created 1 km? circles around the centres of the patches. If the size of the
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grid cells in this study were to be practically brought into context, 500 m? circles would have sufficed
for calculating urbanisation measures for each grassland fragment. However, because the size range of
the selected grassland fragments in the Tlokwe Municipal area is so variable (size range = 0.59 ha —
179.41 ha), a 500 m? circle would be encapsulated by some of the larger fragments, not providing any
information about the position of the patch along an urbanisation gradient. Therefore, buffers around
the edges of the selected grassland fragments, instead of circles with a fixed radius, were created to
determine the urban-rural gradient position of the grassland remnants based on its matrix

characteristics.

Figure 4.1: Map of a section of the study area indicating the 500 m? landscape grid. There are a total of
5846 500 m? cells in the 1756.25 km? study area. Urban areas are indicated in orange, and the Rand
Highveld Grassland vegetation type in green. The Potchefstroom CBD is also indicated.
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4.2.1 Determining matrix size
“...the landscape surrounding remnant patches, as well as the quality of the habitat maintained
within the remnant, may be more important drivers of fragmentation effects on plant species than

spatial attributes of patches...” (Williams et al., 2006)

The matrix (most encompassing landscape component (Forman & Godron, 1986)) surrounding a
landscape patch plays an important role in determining the intra-patch characteristics (August et al.,
2002; Collinge, 2009; Wiens, 2002). Several studies observing the effects of the landscape matrix on
plant species were reviewed in order to determine the most appropriate buffer distance from the edge
of each selected grassland fragment that would represent the matrix area that has an influence on
intra-patch characteristics (Table 4.1). The specific research questions of the studies determined
buffer distances and whether the study sites were included or excluded from the buffer area. For
instance Mitchley & Xofis (2005) selected 200 m buffers based on a “connectivity threshold” for
calcareous grassland habitat suitability as proposed by Burnside et al. (2002). Their aim was to
explore landscape connectivity and fragmentation effects between grassland sites, and therefore
excluded the sites from the buffers. For the purpose of this study a 500 m radius buffer area
surrounding the edges of each grassland fragment was consequently selected due to its previous use
and applicability on grassland plant species (Klimek, 2006; Tscharntke et al., 2005). The grassland
fragments were excluded because one of the main objectives for this study was to determine the
position of grassland fragments along an urbanisation gradient (i.e. does the plant species diversity
and landscape function of grassland fragments in urban and rural matrices differ?). Landscape metrics

were, therefore, calculated for only the matrix area surrounding the sites.

4.2.2 The selection of relevant urbanisation measures

Hahs and McDonnell (2006) selected seventeen urbanisation measures (landscape metrics) to quantify
an urban-rural gradient in Melbourne, Australia. Du Toit (2009) used thirteen of these measures in
Klerksdorp, South Africa. The same land cover classification and urbanisation quantification
methodology as described by Du Toit (2009) was used in this study and therefore the same metrics
were tested. Table 4.2 provides the landscape metrics that were found to effectively describe the
landscape structure and demographic- and physical attributes of the Klerksdorp area (Du Toit, 2009).
Du Toit (2009) calculated the metrics for a fixed 1km? circle around the centroid of all the study
patches. However, in this study the landscape metrics will be calculated for matrix areas of varying
size and shape (500 m around the edge of selected grassland fragments of varying sizes (0.59 ha —
179.41 ha). Therefore, the limitations of landscape metrics need to be considered in order to
determine which measures will be the most suitable for the specific research methodology and

objectives of this study.
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Table 4.2: Urbanisation measures used in the study of Du Toit (2009) that were considered for use in this
study.

Landscape metrics Demographic- and physical variables
Largest patch index (LPI) Density of people (DENSPEOP)

Landscape shape index (LSI) Distance to central business district (CBDm)
Land cover richness (LCR) Road network density (RND)

Percentage urban land cover (PURBLC)

Number of patches (NP)

Simpsons diversity index (SIDI)

Although landscape metrics may be widely applied to quantify pattern and process, it is not without
limitations (McGarigal & Marks, 1995; Li & Wu, 2004). To successfully interpret landscape metrics
one must be aware of its restrictions and the possible dynamics of achievable landscape metric values
when applied to landscapes characterised by different morphological properties and extents (Hargis et

al., 1998).

A challenge in this study is that applicable urbanisation measures is aimed to be selected in a
statistically sound manner which is of relevance to the entire study area (landscape grid). However, an
objective for this study was to quantify the human impacts provided by only the matrix within 500 m
of the edge of the 30 selected grassland fragments, and subsequently classify grassland remnants
under observation into urbanisation classes to allow for comparative statistics. This entailed that the
urbanisation measures were selected based on the 500 m? grid values for eligible landscape metrics
and demographic- and physical variables, and that the selected landscape metrics were then re-
calculated for the matrix 500 m surrounding the grassland fragment. The selected grassland fragments
in the study area vary in shape and size resulting in different matrix area sizes and shapes thus
different extents (Figure 4.2). This implies that area and shape sensitive landscape metrics could not

be used for this study.

500 m

Patch area = 0.59 ha
Buffer area=96.6 4ha i

500 y §
w

Patch area =38.69 ha
Patch area = 3.84 ha Buffer area=251.52 ha
Buffer area=117.73 ha

Figure 4.2: Three of the selected grassland fragments within the study area are shown to indicate their
variability in size and shape, resulting in subsequent matrix area differences for which to calculate
landscape metrics.
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Landscape metrics that are proportional to size were still applicable, representing the percentage of
matrix area consisting of a land cover type (e.g. percentage urban land cover (PURBLC)). Diversity
and richness metrics which include Land Cover Richness (LCR) and Simpson“s Diversity Index
(SIDI) were not included in this study as they are closely related to scale (McGarigal & Marks, 1995;
McGarigal, 2013). Based on the island biogeography theory of MacArthur and Wilson (1967) larger
areas will be more rich (be it species or patches) and heterogeneous than smaller areas. The matrix
areas for the 30 grassland fragments vary (mean area = 165.02 ha, median = 132.97, range 96.64—
356.3 ha) indicating that smaller and larger grassland remnants will not be directly comparable.
Consequently the SIDI and LCR diversity metrics, that were used by Du Toit (2009) and Hahs &
McDonnell (2006), were also excluded from this study.

Number of patches (NP) is also subject to the extent of the landscape (McGarigal & Marks, 1995) and
was therefore also excluded. This limits the type of measures appropriate / available to reflect
landscape fragmentation. Landscape metrics which are more robust against changes in extent were
therefore also considered. Edge Density (ED) and Patch Density (PD) were consequently added to
the study to indicate landscape fragmentation. PD is size normalised (McGarigal, 2013) and
substituted NP in order to reflect the patchiness of the landscape matrix surrounding the selected
grassland fragments. ED has been used in a number of studies to reflect landscape fragmentation
(Hargis et al., 1998; Brown et al., 2000; Hansen et al., 2001; Saura & Martinez-Millan, 2001; Herold
et al., 2002; McAlpine & Eyre, 2002; Baldwin et al., 2004; Cifaldi et al., 2004). The studies of Saura
& Martinez-Millan (2001) and Baldwin ef al. (2004) indicated that ED showed the least deviation
between landscapes of varying extent. Edge density is calculated in much the same way as Landscape
Shape Index (LSI) and will therefor replace LSI for the purpose of this study based on the calculation
simplicity and comprehensibility of the ED metric and its success in reflecting landscape
fragmentation. Since grasslands, and specifically the Rand Highveld Grassland, is the main research
subject it was decided to also calculate a landscape metric which will allow determining the extent of
grassland habitat loss in the study area. The landscape metric Percentage Grass Land Cover

(PGRALC) was therefore added for the above mentioned purpose (Table 4.3).

Ideally the aim was to select both a landscape metric and a demographic- and physical variable to
quantify the urbanisation gradient (Du Toit & Cilliers, 2011). Measures that will address key aspects
of this study, that is, the effect of urbanisation on the species composition, landscape — and species

function within selected grassland fragments, was also be selected (Table 4.3).
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4.2.3 Calculation of urbanisation measures

Considering the limitations, comprehensibility, and applicability of landscape metrics in the context
of this study, eight urbanisation measures (refer to Table 4.3) were calculated for each 500 m? grid
cell (refer to Figure 4.1). Appendix A lists the definitions of the specific notation used in urbanisation
measures equations. Methods followed for the calculation of urbanisation measures were, where
applicable, similar to Du Toit (2009) using formulae presented in McGarigal & Marks (1995).
Various measures of urbanisation were calculated for each 500 m? grid cell in the entire study area
using ArcView 10 (ESRI, 2010) and Hawth"s analysis tools 3.27 (Beyer, 2007). In order to calculate
the urbanisation measures, the raster land cover map created in Chapter 3 had to be converted to a
vector shapefile. This process creates polygons of the class classifications. Hawth“s Analysis Tools

(Beyer, 2007) were used to create the landscape grid with the Create Vector Grid tool.

LPI, PURBLC, CBDm, and RND urbanisation measures were calculated according to the methods
used by Du Toit (2009). DENSPEOP was determined through using the Census Small Area Statistics
(Statistics South Africa, 2005) and the Calculate Demographics Tool (Muzslay, 2006). PD was
calculated using the number of patches (method for determining number of patches as per Du Toit
(2009)) per 500 m? grid cell, divided by die grid cell area (250 000m?) and multiplied by 10 000 and
100 to convert the final PD value to patches per 100ha (McGarigal & Marks, 1995). ED was
calculated by converting the polygons of the vector land cover map (of which the land cover classes
have been merged) to lines (polygon to lines function of Data Management Tools, ArcMap 10 (ESRI,
2010)). The lines represent patch edges in the landscape. The length of the edges were calculated for
each 500 m? grid cell using the Sum Line Lengths function of Hawth's Tools (Beyer, 2007), divided
by the area of each grid cell (250 000 m?) and multiplied with 10 000 to convert the final ED value to
meters per hectare (m/ha) (McGarigal & Marks, 1995). PGRALC was calculated using the same
method used by Hahs & McDonnell (2006) and Du Toit (2009) to calculate Percentage Urban Land
Cover (PURBLC), only using the grass land cover class, extracted from the 2006 North West Land
Covers Map (GeoTerralmage, 2008), instead of the urban land cover class from the land cover map

created in Chapter 3.

4.2.4 Data analysis

4.2.4.1 Factor analysis

Selecting the appropriate landscape metrics for this study required values of the eight urbanisation
measures for each of the 500 m? grid cells and was used as input for a Factor Analysis (FA). “Skew”
data influences the results of the FA (Steyn, 2012), and therefore the urbanisation measures were
transformed using Box-Cox transformation (Box and Cox, 1964) in the STATISTICA data analysis

software (version 10) (StatSoft, Inc., 2011a) to enhance the normality of the samples. The formulae
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used to transform each urbanisation measure as well as “before and after” distribution plots are
provided in Appendix B. FA is applied as a data reduction process or to explore structure within the
data (StatSoft, 2011b). The main goals for executing FA on data are thus to reduce the number of
variables and to classify variables (StatSoft, 2011b). Usually only variables characterised by loadings
exceeding 0.32 are interpreted, and greater loadings indicate that a variable is a strong measure of a
specific factor (Tabachnick & Fidell, 2007). Loadings exceeding 0.7 are considered outstanding
(Comrey & Lee. 1992), and were used as the FA cut-off point for the purpose of this study. The
urbanisation measure variables used as input for the FA were rotated using the varimax raw rotation
which maximises the variances of the squared raw factor loadings across variables for each factor
(StatSoft, 2011Db).

The results of the FA, the simplicity of the landscape metric, and the key research questions will aid
in the selection of measures that will be used during this study to quantify the entire landscape

gradient as well as the 500 m radius matrix areas around each selected grassland fragment.

4.2.4.2 Cluster analysis for determining urbanisation classes

To compare grassland fragments of varying urbanisation intensities, the aim was to categorise the
selected grassland fragments into natural clusters based on the selected urbanisation measures which
were used to describe the urbanisation gradient within the study area. These urbanisation classes
allowed for comparative statistics (such as ANOVA) between species diversity and functional
diversity, and landscape functionality of selected grassland fragments, situated in areas of varying
urbanisation, in subsequent chapters. The classification of selected grassland fragments into
urbanisation classes was achieved by performing a cluster analysis which was executed in PRIMER
software (PRIMER-E, 2012) using the Bray Curtis similarity index and Complete Linkage cluster
mode. Cluster analysis is a multivariate method which enables classification of variables into clusters

or groups using numerical techniques (Romesburg, 1984).

4.3 Results and discussion

4.3.1The selection of landscape metrics

The minimum, maximum, median and mean values for each urbanisation measure are listed in Table

4.4. These values indicate the range of the urbanisation measures calculated for the study area.

Table 4.4: Range of values for the various urbanisation measures of the 500 m? grid cells within the study
area.

Urbanisation measure Minimum Maximum Median Mean
Landscape metrics
ED 0 694 173 192
LPI 12 100 81 76
PD 4 3884 500 631
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PGRALC 0 100 68 59.6

PURBLC 0 93.7 0.9 4.9
Demographic- and physical variables

CBDm 250 27560 15260 14667

DENSPEOP 0 3147 1 21

RNDm 0 5527 107 375

The FA results for the urbanisation measures are listed in Table 4.5. Variables with high loadings on
the same factor in the FA results directly or indirectly correlate with each other, measuring similar
underlying characteristics (Warner, 2008). Factor 1 accounts for 42.9% of the variance, and Factor 2
for 65.12%. LPL, PD, and ED are highly correlated with Factor 1, whilst DENSPEOP and PGRALC
correlated strongly with Factor 2. The correlation matrix of the landscape metric variables, used as

input for the FA, is provided in Appendix C.

Table 4.5: Factor Analysis results for the first two components of the calculated urbanisation measures
(varimax raw rotated). The factor loadings for each variable per component are indicated. The
Eigenvalues for each factor are also indicated (E). Values >0.7 are listed in red.

Factor 1 Factor 2
E=3.43209 E=1.77774
LPI -0.822053 0.070050
CBDm -0.047390 0.663800
RNDm 0.486143 -0.322470
PGRALC -0.031752 0.743356
DENSPEOP  0.032455 -0.852063
PURBLC 0.674748 -0.465741
PD 0.937815 -0.017189
ED 0.955488 0.018801
Expl.Var 3.164151 2.045678
Prp.Totl 0.395519 0.255710

In this study the aim was to examine the influences of urbanisation on the Rand Highveld Grassland
vegetation unit. Therefore, certain differences in spatial characteristics and human impacts (and the
effects thereof on plant species diversity, plant functional diversity and landscape function) between
urban areas and more “natural” areas had to be included. Keeping the research questions in mind, the

following landscape metrics were selected:

o  Density of people (DENSPEOP — demographic variable): this variable had the highest

score on Factor 2 and reflects the extent of human inhabitation, and thus urbanisation.

e Edge density (ED — landscape metric): ED had the highest score on Factor 1 and for the
purpose of this study will reflect the degree of fragmentation (also a key aspect in this study).
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Edge density is an effective measure of fragmentation (Hargis et al., 1998; Brown et al.,
2000; Hansen et al., 2001; Saura & Martinez-Millan, 2001; Herold et al., 2002; McAlpine &
Eyre, 2002; Baldwin et al., 2004; Cifaldi et al., 2004).

o  Percentage grass land cover (PGRALC — landscape metric): PGRALC also loaded high
with Factor 2. The central concept of the study is the effect of urbanisation on the Rand
Highveld Grassland vegetation unit. Low percentage grassland cover may indicate grassland
habitat loss, and therefore it was decided to be included in quantifying urbanisation effects

within the study area.

e Percentage urban land cover (PURBLC - landscape metric): PURBLC represents the
percentage impervious surfaces and is the best visual and comprehensible approximation of
urbanisation indicating the presence of human built landscapes (Hahs & McDonnell, 2006;
Alberti, 2010). As an important part of the research question PURBLC was retained as a
direct estimate of urbanisation, although it did not load high with any of the two factors for

the FA.

4.3.2 Quantification of entire landscape urbanisation gradient

We have thus determined that ED, PGRALC, PURBLC and DENSPEOP will be used as the
urbanisation measures to describe the entire landscape urbanisation gradient in the Tlokwe Municipal
area (Figures 4.3-4.6), and to act as indicators for certain anthropogenic influences (i.e. urbanisation,
habitat loss and fragmentation) in the following chapters. These measures are easy to understand and
interpret, and will address the research question regarding the effects of anthropogenic influences, as
brought about by human activity, on species composition and species— and landscape function of

Rand Highveld Grassland fragments.

1. Edge Density (ED)

The ED physical variable is an indicator for the degree of landscape fragmentation (Hargis et al.,
1998; Brown et al., 2000; Hansen et al., 2001; Saura & Martinez-Millan, 2001; Herold ef al., 2002;
McAlpine & Eyre, 2002; Baldwin et al., 2004; Cifaldi et al., 2004). The ED landscape metric
represents the total length of edge segments (m) per hectare (McGarigal & Marks, 1995) in each 500
m? grid cell. A high ED value for a grid cell / matrix area of the landscape indicates that many edge
segments are present in that specific area, consequently reflecting a fragmented landscape. Thus grid
cells with high ED (black) contains more patch edge than grid cells with low ED, and is thus more

fragmented. The city is characterised by a much more fragmented environment and certain areas
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outside the city edges were also characterised by fragmentation due to agricultural land uses (Figure
4.3).

Figure 4.3: Landscape grid exhibiting the ED values for the study area in the Tlokwe Municipality. The
selected grassland fragments (green dots), as well as the outlines of the city of Potchefstroom (yellow
outline) and the Rand Highveld Grassland vegetation unit are also indicated.

2. Percentage grass land cover (PGRALC)

PGRALC indicates the percentage of each grid cell that consists of the grass land cover class and is an
indicator for Rand Highveld Grassland habitat loss. The assumption is made that before any human
impact the study area consisted of “natural” Rand Highveld Grassland. If a large proportion of the
grid cell / matrix area of the landscape still consist of ,natural” grasslands then those areas have not
undergone a lot of habitat loss, on the other hand low percentage grassland cover may indicate that
some degree of habitat loss has taken place. Grid cells with a high PGRALC value (black) consists of

mainly grass cover, and lower values indicate that a smaller fraction of the grid cell consists of
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grasslands (Figure 4.4). It is apparent that the land cover within the city border consists of less than
27% grass land cover within each 500 m? grid cell, indicating the loss of grassland habitat due to
human urban development and inhabitation. The areas South and East of Potchefstroom are utilised
for agriculture and therefore also have low grassland cover (Figure 4.4). Other land cover types (such

as trees) may also attribute to lower grassland cover.

Figure 4.4: Landscape grid exhibiting the PGRALC values for the study area in the Tlokwe Municipality.
The selected grassland fragments (green dots), as well as the outlines of the city of Potchefstroom (yellow
outline) and the Rand Highveld Grassland vegetation unit are also indicated.

3. Percentage urban land cover (PURBLC)

PURBLC indicates the percentage of each grid cell that consists of impervious surfaces (e.g. roads,
pavements, buildings, farmsteads), and is the most accurate view of urban built-up areas. Impervious
surfaces are always associated with urbanised areas (e.g. buildings, roads, pavements) (Hahs &
McDonnell, 2006; Alberti, 2010), or human presence in more rural areas (e.g. farmsteads). Grid cells

with a high PURBLC value (black — as may be observed within the city of Potchefstroom) consists of
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mainly urban cover (72-94% per 500 m?). Lower values indicate that a smaller fraction of the grid cell
consists of urban impermeable structures (Figure 4.5). However, because this landscape metric is
based on a land cover map some misclassifications might have occurred and the percentage

impervious surfaces values of some grid cells might be slightly inaccurate (Chapter 3).

Figure 4.5: Landscape grid exhibiting the PURBLC values for the study area in the Tlokwe Municipality.
The selected grassland fragments (green dots), as well as the outlines of the city of Potchefstroom (yellow

outline) and the Rand Highveld Grassland vegetation unit are also indicated.

4. Density of people (DENSPEOP)

DENSPEOP represents the total number of people per 500 m? (Figure 4.6), and is an indicator for the
degree of urbanisation. The DENSPEOP demographic variable does not clearly reflect urban
boundaries because it is supplied in ward format which covers the entire municipal area, thus grid
cells may have a value even if no people occupy it. The source of the census data used in this study

was the census small area statistics (Statistics South Africa, 2005). The political ward boundaries are
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clearly visible (Figure 4.6) as a legacy of the source data. However this is currently the most accurate

data for density of people in the Tlokwe Municipal area.

Figure 4.6: Landscape grid exhibiting the DENSPEOP values for the study area in the Tlokwe
Municipality. The selected grassland fragments (green dots) , as well as the outlines of the city of
Potchefstroom (yellow outline) and the Rand Highveld Grassland vegetation unit are also indicated.

4.3.4 Position of grassland fragments along an urbanisation gradient
The ED, PGRALC, PURBLC and DENSPEOP urbanisation measures were subsequently calculated
for the 500 m radius buffer zones around the selected grassland fragments in order to determine the

position of the grassland remnants along an urbanisation gradient for the Tlokwe Municipal area.

In order to determine whether grassland fragments exposed to different degrees of anthropogenic
disturbances differed from each other in statistically significant ways (i.e. does grassland fragments
situated in areas of varying urbanisation degrees differ significantly from each other based on their
species composition and species— and landscape function?), the urbanisation measures selected for

this study (ED, PGRALC, PURBLC, and DENSPEOP) were used as input for a cluster analysis to
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objectively classify the selected grassland fragments according to increasing urbanisation / human
impacts. This allowed for analysis of variance (ANOVA) in subsequent chapters between the means
of intra-patch variables (i.e. species richness between grassland fragments in rural/peri-urban and
urban areas). From the results of the cluster analysis presented in Figure 4.7 two urbanisation classes
namely “rural/peri-urban” and “urban” have been identified at an arbitrary cut-off point of 50% Bray-

Curtis similarity.

Transform: Square root
Resemblance: S17 Bray Curtis similarity

Rural/peri-urban

Figure 4.7: Cluster analysis results (dendrogram — complete linkage) for the urbanisation measure values
of the selected grassland fragments (based on Bray-Curtis similarity index). Grassland fragments were
classified into two classes, namely rural/peri-urban and urban, at a 50% Bray-Curtis similarity (grey
dashed line).

Table 4.6 provides the specific urbanisation measure values for each selected grassland fragment,
categorised as rural/peri-urban or urban based on the urbanisation measure values. Rural/peri-urban
grassland fragments are all situated in matrix areas that have less than 10% impervious surfaces (thus
less urbanised), and an ED value of more than 300 (thus less fragmented) per 500 m matrix buffer
area (Table 4.6). Urban grassland fragments are all situated in matrix areas that have less than 26%
Rand Highveld Grassland habitat, and a density of people exceeding 269 per hectare. Because of the
political ward census data used sites 4 and 29 (rural/peri-urban, situated just outside Potchefstroom)

had higher DENSPEOP values of 348 and 168 respectively, which does not reflect the immediate
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surroundings of the sites accurately. For the purpose of confirming the rural/peri-urban and urban
classification of selected grassland fragments and confirming in which class sites 4 and 29 should
belong, two NMDS ordinations were created (Figure 4.8). In Figure 4.8a all the urbanisation measure
values were used as presented in Table 4.6, indicating sites 4 and 29 as outliers. However, in Figure
4.8b the DENSPEOP values of sites 4 and 29 were arbitrarily substituted for lower values
(DENSPEOP = 40), and therefore they grouped with the rural/peri-urban class. These grassland
fragments were situated outside the urban edge, but are closest to the city of Potchefstroom of all the

rural/peri-urban grassland fragments (Figure 4.9).

Table 4.6: The specific urbanisation measures scores (acting as indicators for certain anthropogenic
disturbances) for the 30 selected grassland fragments along the urbanisation gradient as determined by
the selected urbanisation measures. The selected grassland fragments were classified as rural/peri-urban
or urban based on the cluster analysis, and are arranged in the direction of increasing percentage
impervious surfaces.

Figure 4.9 indicates the position of each selected grassland fragment (rural/peri-urban and urban)
within the study area. From the map it is obvious that the city of Potchefstroom does not conform to
the conventional urban morphology theory of concentric zones of different land use types radiating
outwards from the CBD (Burgess, 1925), which may be the reason rural/peri-urban grassland
fragments are situated closer to the urban fringe (i.e. sites 4 and 29), and well beyond the urban edge
(i.e. sites 22, 24 and 25) (Figure 4.9). Old towns in South Africa were mostly designed using a simple
grid layout (Floyd, 1960). South African cities also conform to the sector model of urban land use
(Davies, 1981) as a legacy of colonialism and Apartheid. Recent planning development reflects multi-

nuclei urban land use planning (Pacione, 2005). Additionally, the first farms that were allocated in the

91



Chapter 4: Quantifying an urbanisation gradient

region directly surrounded the Potchefstroom settlement area (Van den Bergh, 1990). Subsequent
farm owner decisions and personal economic conditions determined much of the urban fringe
character. The result is that zoning around the urban fringe is not consistent and there is no gradual
transition between urban and rural — some urban areas end abruptly in “natural” areas. This explains
the peculiar urban morphology found in the study area, as well as the “rural” nature of some sites

situated alongside the urban areas.

b)

Increasing urbanisation/human impact

»

Figure 4.8: NMDS ordinations to express the selected grassland fragments classified as rural/peri-urban
based on the values of the four main urbanisation measures. Sites 4 and 29 (indicated with grey circles)
are not grouped closely with rural/peri-urban or urban because of outlier DENSPEOP values (a).
Rural/peri-urban and urban selected grassland fragments form two distinct clusters (indicated by dashed
grey circles) when the DENSPEOP values of sites 4 and 29 are arbitrarily lowered (b).
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Figure 4.9: SPOT 5 satellite image of the study area indicating the rural/peri-urban and urban selected
grassland fragments. The urban outline (yellow) and the CBD (black star) are also indicated.

Figure 4.10 indicates images of rural/peri-urban and urban grassland fragments. See Appendix D for
SPOT satellite- and in-field images, as well as corresponding fragment- and matrix sizes and specific

urbanisation measures for all 30 selected grassland fragments.
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a) 21
b) 4
¢) 9
d) 2

Figure 4.10: SPOT S5 satellite image and in-field photograph of a & b) rural/peri-urban, and ¢ & d) urban
selected grassland fragments. Yellow indicates the patch boundary which is surrounded by 500 m radius
matrix area (green). The selected grassland fragments are arranged according to increasing percentage
impervious surfaces.

Site 21 (Figure 4.10a) was categorised as rural/peri-urban. The 500 m radius matrix area surrounding
this grassland remnant was not very fragmented (ED = 64.75 m/ha), and 25.02% consisted of Rand
Highveld Grassland. Site 4 (Figure 4.10b) is surrounded by an intermediately fragmented (ED =
254.89 m/ha) environment, intermediate population density (DENSPEOP = 16 per 500 m?), consisted

of 58.18% Rand Highveld Grassland cover, and classified as rural/peri-urban.

94



Chapter 4: Quantifying an urbanisation gradient

Site 9 (Figure 4.10c¢) classified as urban and was situated in a more fragmented (ED = 423.59 m/ha)
matrix. It was also characterised by a population density of 359 people per 500 m?, and contained
only 2.63% Rand Highveld Grassland cover. Site 2 (Figure 4.10d) classified as urban. It was situated
in a highly fragmented (ED = 523.8 m/ha) environment with a population density of 187 per 500 m?.
Only 0.53% of the matrix area was covered by Rand Highveld Grassland.

4.4 Summary

The aim of this chapter was to:

1. Test and select applicable urbanisation measures used by Du Toit (2009) for each 500 m? grid
cell of the land cover map (created in Chapter 3) using GIS techniques.

2. Select urbanisation measures to further describe an entire landscape urban-rural gradient

within the study area.

3. Calculate the selected urbanisation measures for 500 m radius matrix areas surrounding the

boundaries of the selected grassland fragments.

4. Use the selected urbanisation measures as indicators for anthropogenic influences within the

study area.

5. Classify the selected grassland fragments into urbanisation classes based on the selected
urbanisation measures using objective statistical methods to determine the position of the

selected grassland fragments along the urbanisation gradient.
We have successfully accomplished all these objectives.

Eight landscape metrics (based on Du Toit (2009)) and the specific research questions and
experimental design of this study were calculated for each 500 m? grid cell of the land cover map, as
an initial step to quantify the urbanisation gradient characterising the study area. A Factor Analysis

(FA) was executed in order to reduce and explore possible structure within the data (StatSoft, 2011b).

Based on the FA results, the simplicity and comprehensibility of these measures, and keeping the

research objectives in mind the following landscape metrics were selected:
e ED (landscape metric) acting as an indicator for fragmentation

e DENSPEOP (demographic variable) acting as an indicator for urbanisation (human

inhabitation)

e PGRALC (landscape metric) acting as an indicator for Rand Highveld Grassland habitat loss
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e PURBLC (landscape metric) acting as an indicator for the percentage impervious surfaces

and thus urbanisation (through development of human infrastructure)

The selected four urbanisation measures were subsequently calculated for the 500 m radius matrix

area surrounding the boundary of each selected grassland fragment.

Based on the four selected urbanisation measures (ED, DENSPEOP, PGRALC, and PURBLC) the 30
selected grassland fragments were classified into two classes of increasing urbanisation, namely
rural/peri-urban and urban, which will allow for comparisons between landscape function, plant
diversity and plant functional diversity of the grassland fragments exposed to different urbanisation
degrees using statistical methods in subsequent chapters. All intra-patch variables associated with
plant species— and functional diversity and fine-scale biogeochemical landscape function will be
correlated with the main urbanisation measures, namely: density of people, edge density, percentage
urban land cover, and percentage grass land cover, in order to explore relationships between species—
and functional properties and aspects of urbanisation of grassland fragments in the Tlokwe Municipal

arca.
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