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Finding a common language in describing and interpreting multivariate data

associated with rehabilitation and disturbance ecology, has became a major

challenge.

The main objective of this study is to find and evaluate mathematical models

to describe ecosystem change based on selected indicators of change.

Existing data from a previous rehabilitation project on Hendrina Power Station

(Mpumalanga, South Africa) was used as a database for this study and this

study aims to report on the development of models concentrating on radar

graphs and a model based on matrix mathematics.

The main groups of organisms selected for the construction of models, were

vegetation, soil mesofauna and ant species. The datasets were limited to

some indicative species and their mean abundances were determined. The

grids that were used were randomly chosen and the models were

constructed.

Radar graphs were constructed to model the suite of species identified,

through a sensitivity analysis, to indicate possible rehabilitation success over

time and was applied to the different rehabilitation ages. The surface areas

under the radar graphs were determined and compared for the different

rehabilitation ages in the same year of survey. Correlation graphs were drawn

between the surface area and the rehabilitation ages. These graphs did not

indicate much relevance in indicating rehabilitation success, but the radar

graphs proved to be good indicators of change in abundance of the selected

species over time.
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The vegetation species, Eragrostis curvula, was the only species that showed

a strong significant positive relationship with rehabilitation age and could be

considered a good rehabilitation species and indicator of rehabilitation

success. After the evaluation of this model, Eragrostis curvula, and two

additional ant species, Tetramorium setigerum and Lepisiota laevis, were

added. These species that were added, showed an increase in abundance

over time, as found in a previous study. These radar graphs also did not

indicate much relevance and it can be concluded that the radar graphs can

only be used for a visual representation of the changes in abundance of the

relevant species over time.

This study also refers to a matrix model. This model focused on the

interactions between the different variables selected. The percentage carbon

in the soil were also added to the list of species. Model fitting graphs were

constructed and correlations were drawn between the species that had

significant values in the interaction table. This model could be useful for future

studies, but more data and replication is necessary, over a longer period of

time. This will serve to eliminate possible shortcomings of the model.

Keywords: mathematical model; rehabilitation; radar graphs; matrix model
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Daar bestaan 'n groot uitdaging in die beskrywing en interpretering van

veelveranderlike data, wat met rehabilitasie en versteurde ekosisteme

geassosieerword.

Die hoofdoel van hierdie studie was om wiskundige modelle te evalueer, deur

gebruik te maak van geselekteerde indikatore van verandering. Bestaande

data uit 'n vorige rehabilitasieprojek uitgevoer by Hendrina Kragstasie

(Mpumalanga, Suid-Afrika), is as 'n basis vir hierdie studie gebruik. In hierdie

studie is gepoog om die ontwikkeling van modelle, wat hoofsaaklik op

radargrafieke en 'n matriksmodel gebaseer is, weer te gee.

Die organismes wat vir die ontwikkeling van die modelle geselekteer is, het

hoofsaaklik plant-, grondmesofauna- en mierspesies ingesluit. Die datastelle

was beperk tot die gemiddelde veelheid van geselekteerde indikator spesies

wat 'n aanduiding van verandering gee. Die spesies se gemiddelde veelhede

is bereken en die persele is ewekansig gekies.

Die spesies wat gebruik is vir die radargrafieke, is deur middel van 'n

sensitiwiteitsanalise geTdentifiseer. Radargrafieke is vir al die rehabilitasie-

ouderdomme opgestel en die oppervlak onder elke grafiek is onderling

vergelyk om moontlike rehabilitasiesukses aan te dui. Korrelasiegrafieke is

getrek vir die oppervlak teenoor rehabilitasie ouderdom. Hierdie grafieke het

geen waarde vir die aanduiding van rehabilitasiesukses getoon nie, maar was

'n goeie indikator vir die verandering van spesies se veelheid, oor tyd.
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Die grasspesie, Eragrostis curvula, is die enigste spesie wat 'n sterk

betekenisvolle positiewe korrelasie met die verskillende rehabilitasie-

ouderdomme getoon het en kan waarskynlik as 'n rehabilitasie spesie en

indikator van rehabilitasiesukses aangewend word. Nadat hierdie model

geevalueer is, is twee addisionele mierspesies, Tetramorium setigerum en

Lepisiota laevis, waarvan die veelheid met verloop van tyd toegeneem het,

saam met Eragrostis curvula, gebruik om aanvullende radargrafieke saam te

stel. Hierdie mierspesies het in 'n vorige studie getoon dat hulle toeneem met

ouderdom van rehabilitasie.

Die radargrafieke was egter nie bruikbaar vir die aanduiding van rehabilitasie

sukses nie. Radargrafieke kan egter wel gebruik kan word om die verandering

in spesies se getalle visueel voor te stel.

Wat die matriksmodel betref, fokus dit oorwegend op die interaksies tussen

die verskeie veranderlikes. Die persentasie koolstof in die grond was ook as

veranderlike by die model bygevoeg. Passingsgrafieke is gekonstrueer en

korrelasies is tussen die veranderlikes, wat 'n betekenisvolle waarde in die

interaksie tabel aangetoon het, getrek. Hierdie model kan nuttig wees in

toekomstige studies, maar meer data wat meer gereeld oor 'n langer tydperk

versamel word, is nodig. Dit kan die moontlike tekortkominge van die model

beperk.
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CHAPTER 1: INTRODUCTION

1.1 Background information

1.1.1 Ecology and its sphere of influence

Ecology is not an easy science and has a real complex linear structure: in all

ecosystems, everything affects everything else (Begon et al., 1996). So it is of

great importance to study the interactions between organisms and their

environment. Krebs (1972) defined ecology as the scientific study of the

interactions that determine the distribution and abundance of organisms. This

includes the individual organism, the population (the individuals of the same

species) and the community (consisting of the populations).

At the level of the organism, ecology deals with how the individuals are

affected by their biotic and abiotic environment and the effect it has on the

environment at the level of population, ecology deals with the absence and

presence of species, with their abundance or rarity and distribution.

Community ecology deals with the composition or structure of communities,

and with pathways followed by energy, nutrients and other chemicals as they

pass through them (Begon et aI., 1996).

Ecologists often try to predict what will happen to an organism, a population or

a community under a particular set of circumstances; and this knowledge is

used to control or use them. Confident predictions, precise predictions and

1



CHAPTER 1: INTRODUCTION

prediction of what will happen in unusual conditions can only be made when

one can explain what is going on in that ecosystem (Begon et aI., 1996).

1.1.2 Rehabilitation and restoration of disturbed areas due to

anthropogenic influences

Ecological restoration is one of the many ways in which the negative effects of

recent ecological changes could be addressed (Convington et al., 2001). The

most important goal of ecological restoration projects is to return ecosystem

structures, functions, and processes to "natural" conditions. This can be

accomplished by manipulating the vegetation and/or the physical

environments. If a natural system is altered, its ecological role is either

eliminated or changed to a large extent. According to Barnard (1995), the only

way that rehabilitation, sustainability and a proper condition can be achieved,

is if the economic value of the new resource is equal to the value of the

resource that will be destroyed during development.

One of our most valuable resources is land. The land is used for constructing

homes, food production, industries and infrastructures. There exists a link

between human population growth, ecosystem services and ecological

restoration. As the human population increases and the need for food and

water increases, the pressure on the land and the other resources increases.

Due to anthropogenic activities, most of the land on Earth has been ~hanged

or impacted. Natural indigenous vegetation is difficult to identify in these

impacted areas because of intensive land-use. Many people are dependant

on land for survival, and preservation and restoration is therefore essential.

More complicated methods of land-use are increasingly being implemented,

as resources become in short supply, and higher demands from humans lead

to the degradation of land as a resource (Harris et al., 1996). This degradation

can have dramatic effects on future generations and therefore it became

necessary for government authorities to agree to policies that support

activities resulting in more sustainable land-uses. According to a strict

2



CHAPTER 1: INTRODUCTION

dictionary definition, "sustainability" means "to maintain or prolong" by

maintaining ecosystem integrity, function and structure. This is important

because it distinguishes the life support potential of the earth and all living

species, including humans. Maintaining ecosystem reliability means to ensure

that human activity does not affect the fitness of the ecosystem in a negative

way (Aussie School House, 2001).

There is now evidence (Lu & Li, 2003) that many human dominated

ecosystems have become highly stressed and dysfunctional. Ecosystem is a

major organising concept for protecting and sustaining the quality of the

environment and our own well-being, also as the foundational concept for

developing new ways of assessing and managing environmental resources.

Habitat loss and subsequent fragmentation due to urban development are

part of a larger suite of anthropogenic impacts of biodiversity, but they now

rank among the principal causes of species endangerment (Cogan, 2002).

Human-dominated and human-impacted ecosystems can be considered the

norm rather than the exception (Vitousek et al., 1997). The greatest

alterations to ecosystems have occurred in landscapes where the natural

habitats have been completely removed and replaced by different land-uses

(Van der Ree et al., 2005).

1.1.3 Rehabilitation of industrial areas in connection with ash

disposal sites

Contaminated and possibly hazardous ground represents a problem in all of

the industrialised countries of the world (Bell et al., 2000). Contaminated land,

because of its nature or former uses, may contain substances that could give

rise to hazards likely to affect a future form of development.

3



CHAPTER 1: INTRODUCTION

Anon (1995) included harm in its definition, referring to the health of living

organisms or to interference with the ecosystem. In the case of humans, harm

also referred to their property (Bell et al., 2000). Industries and communities

have been disposing their wastes without considering what the consequences

may be.

Development on suitable land is becoming more and more scarce, because of

the increasing contamination of areas, and this leads to development on

poorer quality sites.

South Africa has a widespread legislation directly related to the rehabilitation

of abandoned land. This includes the prevention of water pollution and the

sustainable use of water, environmental conservation, general needs

regarding rehabilitation of the land disturbed by mining and industry, use of

environmental management programmes and the prevention of dust pollution

on mine dumps (van Hamburg, 1999).

Environmental legislation is therefore necessary so that disturbed areas can

be rehabilitated and restored to a suitable condition, which satisfies the

demands of sustainable development (Barnard, 1995).

In urban and industrialised areas, cycles of production, management and

waste disposal are the key elements that determine the profile of a landscape.

In both rural and urban-industrialised landscapes, the strategy of waste

disposal is the most important factor affecting the environment (Paoletti,

1999).

Various materials are dumped into the landscape, including contaminated

mud, industrial by-products, different liquid manures, as well as chemical

fertilisers that can contain unwanted contaminants such as heavy metals,

pesticide residues, etc. These hazardous waste sites could be monitored by

using appropriate bio-indicators, and transformed and reclaimed over time

using different strategies, including bio-remediation (Paoletti, 1999).

Assessing rural and industrial landscapes and contaminated sites along with

their process of rehabilitation is the key objective of adopting biodiversity as

an index.

4



_ _ n-on __ _..__

CHAPTER 1: INTRODUCTION

1.2 Literature overview

1.2.1 The use of models in ecology

An "ideal" model does not exist. Models can only be more or less effective for

a specific set of objectives at some defined scale (Hilbert & Ostendorf, 2001).

Modelling provides a suitable and useful means of measuring the possible

risks contaminant stresses cause for many populations by predicting possible

effects thereof. While abundance has traditionally been considered an

appropriate modelling endpoint, and has been shown to work well at broad

levels of aggregation, it is nonetheless incomplete for analysing the

population-level risks caused by sub-lethal contaminant stresses. This is

because abundance-based models fail to consider important changes in

population size-structure brought about by many sub-lethal stressors (Power

& Power, 1995).

The start of environmental risk assessment and management has led

environmental policy makers to change the weight from the measurement and

discussion of the organism-level impacts of contaminant and environmental

stresses to the measurement and discussion of population-level impacts of

those same stresses (Emlen, 1989). This change in weight has led to the

need for properly constructed population-level response measurement tools

(Power & Power, 1995). But, according to Power et al. (1995), the use of

models for predicting the impacts of human activity on populations, does not

guarantee either accuracy or value. To be truly useful, models must be

properly constructed and verified.

Predicting long-term effects of alternative treatments through ecological

simulation modelling can be a useful tool to scientists, managers, and the

public by providing them with useful information that will help them in making

decisions about the nature and priorities of restoration efforts (Covington,

2001).

5
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Two different modelling methods are available: statistical models based on

analysis of past system behaviour, and process models, often with stochastic

elements, which seek to follow underlying biological or physical processes

(Covington, 2001).

Because the fitting of statistical models to readily measurable data can be

done with great accuracy, such models tend to be highly accurate in the near

term, as long as the original environmental conditions under which the model

was developed are maintained. However, because biological processes are

modelled, process models are suitable for analysis of system behaviour under

changing environmental conditions, over periods of time and under

disturbance conditions. These conditions are not included in datasets used to

develop statistical models. Short-term predictive accuracy may be reduced for

process models as compared to statistical models, because data for model

development may be more difficult to obtain and the variety of complex

natural processes may be more difficult to model (Covington, 2001).

1.2.1.1 Markovian population models

These models are used in conservation biology to find an accurate estimate of

a population's extinction probability. Such models require handling large

transition matrices and calculations are thus extremely time-consuming when

large populations or datasets have to be studied (Griebeler & Seitz, 2005).

The assessment of extinction probabilities has been either based on

population dynamic models that are analytically solvable, on simulations, or

on Markov transition matrices. Simulations are routinely used to incorporate

greater biological complexity into models and thus may be more adequate for

the use in conservation biology (Griebeler & Seitz, 2002). A disadvantage of

the simulations is that the accuracy of output variables estimated depends

directly on the number of Monte Carlo simulation (method for simulating

behaviour) runs. This may result in a trade-off between the accuracy of output

6
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variables found and the amount of computer time required for their estimation

(Griebeler & Seitz, 2005).

The use of Markov transition matrices is an established way to calculate the

extinction probability of populations under complex models (Griebeler & Seitz,

2001). The major advantage of the Markovian approach is that the distribution

of the population size at any given generation t>O can be found in one single

calculation from the initial state of the population. There is no uncertainty on

values of output variables that arise from an insufficient number of simulation

runs. The main problem with the Markovian approach is the geometric growth

of the model's state space (Kokko, 1996). Transition matrices can become

enormously big and the computer calculations of the state distribution can

become extremely time-consuming.

The neural networks are used to analyse one-step transitions of the Markov

chain in order to group only nearly identical states, but the Markovian

population models' approach is proven to be more qualified for the use in

conservation than deterministic methods (Griebeler & Seitz, 2005).

1.2.1.2 Leslie matrix based approach

The Leslie-matrix approach (Leslie, 1945) appears appropriate to the task of

analysing the population-level effects of anthropogenic stresses because of

the simple, spontaneous manner in which it represents the key population

processes of birth, aging, reproduction and death. This approach was also

criticised for not including density-dependence in the modelling mechanics

used to make population-level predictions (Power & Power, 1995).

Ferson et al. (1989) outline a Leslie-matrixbased approach, for use in

environmental risk assessment, aimed directly at measuring the

consequencesof human activities on stochastic age-structuredpopulations

revealingdensity-dependence.Thefact that the Leslie-matrixbasedapproach

fails to produce many of the required population-levelendpoints, or to be

7
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readily able to incorporate available toxicological information in a meaningful

way, Emlen (1989) concluded that the models "work well over broad

circumstances" .

1.2.1.3 Latka-Volterra Model

This can, for example, be used to model and compare the ecosystem function

of communities consisting of generalist and specialist species. One can

determine the species performances by their wide environmental tolerance,

environmental conditions, and the number and traits of the other species with

which they compete (Richmond et al., 2005). Some biologists and ecologists

argue that the Lotka-Volterra Model is unrealistic because the system is not

asymptotically stable, whereas most observable natural predator-prey

systems tend to reach equilibrium levels as time evolves (Giordano et al.,

2003).

1.3 Objectives and motivation for the study

The objective of this study is to evaluate the suitability of two possible models

to model ecosystem change during the rehabilitation of ash disposal sites, by

using certain selected bio-indicators that are possible indicators of ecosystem

change.

1.4 Overview of contents

This thesis is divided into five chapters. The datasets used in this study were

provided by various researchers who worked on the rehabilitated ash dams of

Hendrina Power Station.

8
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In chapter 2 we discuss the materials and the methods used. It contains the

site description and the procedure in designing the two different models. The

lists of the species used in the two different models are also given.

Chapter 3 looks more closely at the construction of the radar graphs. The

method is explained in detail and examples of the radar graphs are given.

Only selected ant and vegetation species were used for this model. The

different ant species' mean abundances were compared over the three year

period in which the surveys were done. This was also done for the vegetation

species. This chapter contains the results and discussion of the radar graph

model.

The procedure used to design the matrix model is described in chapter 4. The

interaction matrix is given to indicate the interactions between the different

factors and the values determined for the matrix are presented. This indicates

the effect of the different factors on each other. The next step in refining the

model was fitting the matrix components to the data. Graphs were constructed

for this model fitted. The values in the matrix were then used to construct

correlation graphs, to determine if some selected species correlated with the

other species. This chapter contains the results and the discussion of the

matrix model.

Chapter 5 is an overview of the two models and also includes the conclusion

and recommendations for future studies.

9



CHAPTER 2: MATERIAL AND METHODS

2.1 Study area

The study was conducted by Morgenthal (2000), de la Rey (2000) and Meyer

(2001) at one of ESKOM's power stations near Hendrina, Mpumalanga, South

Africa, approximately 200km east of Johannesburg. The area where the study

was performed consists of ash disposal sites in four different stages of

rehabilitation. Grids (60x120m) consisting of three transects (spaced 30m

apart) were put out in these stages of rehabilitation (Morgenthal, 2000). Ash

dam A is situated nearest to the power station. Ash dams Band C were built

consecutively to the south of ash dam A, while ash dam D was still in use

when the surveys were conducted and are separated from all the other ash

dams. The fifth ash dam E was constructed late in 1997 (Figure2.1).

10
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FARM 80SCHMANSKOP

[15415J 2SD03' S 28"35' E

I HENDRINA POWER sTAT UJN,

In .700

Figure 2.1: Map of the ash disposal sites (A-E) at Hendrina Power

Station showing the different survey grids (1-12) and the control grids in

the natural veld (C1&C2) monitored (Morgenthal, 2000).

Ten sampling grids were chosen to represent different rehabilitation ages

(Table 2.1).

Table 2.1: The age of the different grids used on the rehabilitation sites

at Hendrina Power Station (used grids indicated in bold).

11

Grid Rehabilitation Rehabilitation
number date aae 11997\

1 1995 2
2 1994 3
3 1994 3
4 1994 3

7 (Top) 1997 0
7 (Middle) 1996 1
7 (Bottom) 1992 5

8(ToP) 1997 0
8(Middle) 1996 1
8(Bottom) 1992 5

9 1992 5
10 1991 6
11 1992 5
12 1990 7
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2.2 Procedure in designing different models

Different types of organisms were sampled and used as possible indicators of

ecological change as a result of anthropogenic rehabilitation activities.

Organisms were sampled on the unrehabilitated site, rehabilitated sites and in

the natural veld. The organisms used as possible bio-indicators for this study

were selected plant species, ant species and mesofaunal species. Soil factors

such as %C and pH were also measured. Various datasets were compiled for

the different sites on the ash dams.

As a next stage, a model was constructed to model the changes in the

indicators' abundances. This was done by the construction of a transformation

matrix for all the grids that were used. The properties of these matrices can be

analysed to give some indication as to the viability of the rehabilitation.

Datasets were compiled over three years from data derived from studies done

by various researchers involved in different projects. All the data and variables

were reduced in such a way that it could be used in a multidimensional model

as shown in Appendix A.

2.2.1 Spider radar graphs

Two models were constructed through the manipulation of various datasets.

One type of model that was compiled from these datasets is called a radar

graph and is represented by a typical spider web design.

The first step in constructing the radar graphs was to identify certain

combinations of parameters that could be possible indicators of ecosystem

change. The species used were the mean abundance of the plant species

Eragrostis curvula, the mean abundances of two ant species, and the mean

abundance of total mesofaunal and ant species for the chosen rehabilitation

ages. These species showed an increase over the rehabilitation ages.

Rehabilitation ages 3, 5, 7, 9 and one of the control sites were used. These

12
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parameters were modelled using the radar graphs and the area under the

graphs was determined and compared for grids at different rehabilitation

ages.

The radar graphs were constructed with the program MATLAB and the areas

under these graphs were also determined with MATLAB.

Gridage7

~
"'Z~SOfauna

/ ',,-
/ "- "" Anls/ /' ",---22

Sp2 /:-.. 1

.~ .iJf'7/\ \/~ .
~--~~

Sp1 ma = 565.0638

GridageC
Mesofauna

2

Figure 2.2: Radar graphs constructed for different rehabilitation ages

with the axes consisting of the mean abundances of Mesofauna, Ants,

Eragrostis curvula and ant morpho-species 1 and morpho-species 2.

The radar graphs were applied in two ways: The first way is by assuming that

rehabilitation success will increase with rehabilitation age. Certain parameters

were identified that could be indicators of ecosystem change. Figure 2.2

shows the radar graphs that were constructed. Then the surface areas were

determined under the graphs and each surface area was correlated with age

of rehabilitation to determine if there is a positive correlation between the

surface area and the different rehabilitation ages.

13
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The surface under the graphs for different rehabilitation ages increased, and

this could mean that relevant species were well established as the years went

by on the different ash dams. Therefore, the longer an area is rehabilitated,

the more successful the indicator species of ecosystem change are likely to

occupy the habitat.

The second way was by using the variables identified through a sensitivity

analysis (Burger et a/., 2002). The use of sensitivity analysis provides

weighting to the variables used as input, and the results suggested which

variable contributes significantly to the training of the model.

Burger et al. (2002) constructed an artificial neural network technique to

determine the rehabilitation success on ash disposal sites at Hendrina Power

Station. The data sets were enormous, so it was necessary to reduce the

number of variables. The data was reduced to certain vegetation and ant

species (Table 2.2).

Table 2.2: The vegetation and ant species after the reduction by

sensitivity analysis (Burger et al., 2002).

The initial reduction of the variables included mesofaunal, hemiptera,

coleoptera and small mammals. This was done after an intensive literature

review (Burger et al., 2002). These reduced variables were plotted over time,

and in the end indicated that Eragrostis curvula showed a linear increase in

numbers with age of rehabilitation.

14
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2.2.2 Constructing a matrix model

Different types of organisms were sampled and used as possible indicators of

ecological change with regard to anthropogenic rehabilitation activities. The

bio-indicators used were selected plant species, ant species and mesofaunal

species and environmental factors such as %C in the soil and pH (Table 2.3).

The methods used to sample these species and environmental factors are

given in Morgenthal (2000), de la Rey (2000) and Meyer (2001).

Table 2.3: The species used in the interaction matrix for the matrix

model.

Plant species
Chamaecrista biensis
Eragrostis curvula
Hyparrhenia hirta
Pennisetum clandestinum

Datasets were compiled over three years from data obtained from previous

studies done by various researchers (Morgenthal, 2000; de la Rey, 2000;

Meyer, 2001) on the rehabilitation of the ash dams at Hendrina Power Station.

All the data and variables were reduced in such a way that it could be used in

multidimensional models and the reduced datasets are shown in Appendix A.

The construction of an interaction matrix is the first modelling step and

indicates interacting environmental factors influencing an ecosystem. The

15
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selection of the environmental factors is based on an intensive literature

review (Anderson et al., 2004; van Hamburg et a/., 2004) and research

(Morgenthal, 2000; de la Rey, 2000; Meyer, 2001; P.O. Theron, Personal

communication). These factors were iteratively updated to ensure that the

matrix models reflect the transition for the whole period under consideration.
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3.1 The construction of radar graphs

The species used in the radar graphs were identified through a sensitivity

analysis (Burger et al., 2002). The data sets were enormous, so it was

necessary to reduce the number of variables. The data were reduced to

certain sensitive vegetation and ant species. The species used are shown in

Table 2.2 (Chapter 2) and rehabilitation ages 3, 5, 7, 9 were considered.

These grids were randomly chosen as representative of different rehabilitation

ages. Radar graphs are one of the methods tested to describe the

rehabilitation success on the ash dams after various stages of rehabilitation.

The slope and the plateaux aspects were not taken into account as variable

factors.

3.1.1 Ant species

Comparing the different grids in the same year

The mean number of individuals per ant species per transect as caught in the

pitfall traps were determined with each grid consisting of three transects. Then

radar graphs were constructed for the mean abundances of the species for

17
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each of the rehabilitation treatments and the relationship of the graph surface

area for each grid of the radar graphs against the rehabilitation age is shown

in Figure 3.1, 3.3, 3.5

3.1.1.1 Radar qraphs for ant species in 1997

Table 3.1 indicates the mean abundance per grid for the different ant species

as caught in the pitfall traps. These values were used to construct the radar

graphs as shown in Figure 3.1 for the different grids. The surface area under

each radar graph was then determined and a correlation was drawn between

the area and rehabilitation age.

Table 3.1: Mean abundance per grid for the different ant species as

caught in the pitfall traps for the different rehabilitation ages in 1997.

According to Table 3.1, Anoplolepis custodiens and Pheidole sp. 1 were the

only species that had a significant presence. There other ant species in this

table (Table 3.1) were of no significance.

18

1997 Rehabilitation age in 1997
Ants 3 5 7 9

AnoD cus 128.40 1.20 5.33 39.47
CamD ves 0.67 0.00 0.00 0.07

LeDi lae 6.87 0.00 19.53 3.00
Phei sp1 11.13 1.10 5.33 18.47
Pheisp4 0.47 0.00 8.00 0.00
Tetr ser 3.47 0.50 0.07 0.13
Tetr vex 2.13 0.00 0.07 1.73
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Grid age 3 Ants 1997 Grid age 5 Ants 1997
Camp YeS

2

Lepi fao 183 9 Ph"; sp4 I.opilae 163 ----
9 Phmsp4

22
Pha; sp 1

10
TetrV$;'!;':

Area = 839

22
PIleisp1

10
Tetrvex

Area= 0

Grid age 7 Ants 1997 Grid age 9 Ants 1997

Lepd.. 163 o Ph.i sp4 LepiI.. 163 9 PMIsp4

22
Pheispl

10
Tw_

Area= 164

22
Phei sp1

10
Tetrvex

Area=163

Figure 3.1: Radar graphs of the mean abundance of selected ant species

for the different rehabilitation ages for the surveys done in 1997,

showing the changes in surface area.

19



CHAPTER 3: THE CONSTRUCTION OF RADAR GRAPHS

3.1.1.2 Correlation graph for ant species and rehabilitation aQein

1997

Ant species 1997

Area "" Rehabil

800 ___ _ 'I 1 .. tatienage

700 _ -j--- -_+
+ Ln 1 i .

_ ut !___L::-i---r- - f-- ..._ _+ i -1 +-- - i

500 I _L-J t
-1-----

. _-j--_ . 1- --- -1- ' .

~ 400

.

__-1__~ t -t.1- ~~_ 1___" -' --+--..-i __,_ J - j
I

200 _ I I. -- 1 I_ . ,----

.. _ -J j ,-- -I-=-:::-1---'----t-
L--t-- t---f ___T::-j-.f .-..-

-100 I r-- - --- L i - - - -~-- -,--+ ' ' -3 - --t-4 5 I "/ ---S 7 I

Rehabilitation 8 9age 10

Figure 3.2: Correlation between the area under the radar graphs (Figure

3.1) and rehabilitation age (r = -0.6451 , P = 0.2309) for ant species in
1997.

An insignificant negative correlation (Figure 3.2) was found, as the areas

under the radar graphs vary considerably. This is also clear in Table 3.1, as

the mean abundances of the suite of ant species over the different grids

showed no definite pattern. According to the correlation graph for the ant

species in 1997, this suite of species was most abundant in rehabilitation age

3 and least abundant in rehabilitation age 5.

3.1.1.3 Radar Qraphsfor ant species in 1998

Table 3.2 shows the mean abundances per grid of the ant species caught in

the 1998 surveys as used for the radar graphs seen in Figure 3.3.
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Table 3.2: Mean abundance per grid for the different ant species as

caught in the pitfall traps for the different rehabilitation ages in 1998.

After 3 years of rehabilitation, Anoplolepis custodiens decreased dramatically,

but in rehabilitation year 9, increased again (Table 3.2). Lepisiota laevis

increased the longer a site was rehabilitated but decreased in rehabilitation

year 9. The other ant species did not show a significant trend in abundance

(Figure 3.3). The trends correspond with the survey in 1997.

Grid age 3 Ants 1998
Camp"".

2

Grid age 5 Ants 1998
Camp ve.

2

lepi Iae 163 9 Phei sp4 lep 10. 163 9 PIleisp4

22
Phelspl

10
TWill!)(

Area= 608

22
Phei sp I

10

Te1r1ll!)(Area = 4
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1998 Rehabilitation age in 1997
Ants 3 5 7 9

Anop cus 135.61 1.83 9.33 31.67
Camp ves 1.00 0.08 0.00 0.06

Lepi lae 4.28 0.42 44.17 4.56
Phei sp1 6.06 5.83 6.22 12.17
Pheisp4 4.78 0.58 4.72 0.00
Tetr ser 1.78 2.50 0.50 0.22
Tetr vex 2.33 0.00 0.00 1.83
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Grid age 7 Ants 1998 Grid age 9 Ants 1998
Camp\'eS

2

!.Bpi 10. 163 9 PIleis;p4 LepiIae 163 9 Pheisp4

22
PI1...pl

10
Tetrvex

Mea = 539
22

PI1e1spl
10

Teirvex
Mea = 175

Figure 3.3: Radar graphs of the mean abundance of selected ant species

for the different rehabilitation ages for the surveys done in 1998,

showing the changes in surface area.

3.1.1.4 Correlation araph for ant species and rehabilitation aae in

1998

Ant species 1998

Area lIS. Rehablltation age

700. _ I I - , -
600 ~ +--i---r---~--- ~-- --t-- -- ~ - ---

5OO~ L-+ t--_I i- ---i--L--
400t---+===-- :--- r <- ~_n_ -+----

: I I I I i

j 300 ---t--+ --- I_-t---t--
200 -~--+-- -t==t~--r T--~- ---

j I -i t- I I ?
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I

.
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,I I' I
-4--+ r-+-- -I! i I

5 8 7

RehabIlitation age

-100
2 10

Figure 3.4: Correlation between the area under the radar graphs (Figure

3.3) and rehabilitationage (r = - 0.3408, P = 0.3609) for ant species in
1998.

The surface area points on this graph (Figure 3.4) are scattered, and no

significant correlation between the surface area under the graph for the suite

of ant species and rehabilitation age can be shown.
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3.1.1.5 Radar Qraphsfor ant species in 1999

The values shown in Table 3.3 are the mean abundance of the ant species in

1999 for the different grids. Anoplolepis custodiens had one outlier in

rehabilitation age 3 with a value of 2215, and this had a considerable effect on

the radar graphs as well as the surface areas that were determined.

Table 3.3: Mean abundance per grid for the different ant species as

caught in the pitfall traps for the different rehabilitation ages in 1999.

Anoplolepis custodiens was very abundant after the first 3 years of

rehabilitation, but decreased as rehabilitation progressed. According to Meyer

(2001), Anoplolepis custodiens is an intermediate to late successional ant

species. Lepisiota laevis increased with rehabilitation age, but decreased

again in grid age 9.

Grid age 3 Ants 1999
Camp yeS

2

Grid age 5 Ants 1999

Lepilae 163

CamPves
2

9 PIleispi! Lop;I.. 163 9 Ph.;.pi!

22
PIlei spl

10
Tetrvex

Area = 6388

22
Phei spl

10
TeII'vex

Area = 4
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1999 Rehabilitation age in 1997
Ants 3 5 7 9

Anop cus 2215.00 9.00 163.00 40.67
Camp ves 0.33 0.50 0.00 0.33

Lepi lae 3.33 0.00 148.00 2.00
Pheisp1 4.33 14.00 10.33 19.67
Pheisp4 1.00 0.00 1.00 0.00
Tetr ser 1.00 2.00 0.33 0.00
Tetr vex 9.00 0.00 0.00 2.33
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Grid age 7 Ants 1999
Grid age 9 Ants 1999

Campvet>
2

Campyes
2'

22
Phei sp1

10
Tetrvex

Area =20056

22
Phei~p1

10
Tetrvex

Area = 141

Figure 3.5: Radar graphs of the mean abundance of selected ant species

for the different rehabilitation ages for the surveys done in 1999,

showing the changes in surface area.

The Camponotus species are nocturnal foragers (Holldobler et al., 1990). The

Tetramorium species are generalists and poor competitors ants,

characteristic of disturbed areas and other sites of low diversity. Tetramorium

sericeiventre is an opportunistic ant and one of the early successional species

(Van Hamburg et al. 2004).

3.1.1.6 Correlation Qraphof ant species and rehabilitation aQein

1999

Ant species 1999

Area \IS, Rehabiitation age

Figure 3.6: Correlation between the area under the radar graphs (Figure

3.5) and rehabilitation age (r = 0.01796, P = 0.7414) for ant species in
1999.
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No significant correlation between the surface area and rehabilitation age for

the suite of ant species exists. The ants were most abundant in rehabilitation

age 7 and least abundant in rehabilitation age 5.

The radar graphs are only a visual representation of the variation in

abundance of the ant species used, over time. The initial investigation into the

use of radar graphs to indicate possible rehabilitation success based on the

area under the graph for the suite of species abundance proved to be not

applicable due to the large variation of abundance of species over

rehabilitation age.

3.1.2 Vegetation species

Comparing the different grids in the same year

The mean number of individuals per vegetation species per transect were

determined. Then radar graphs were constructed for these values and

correlation graphs of the surface area for each grid of the radar graphs

against the rehabilitation age were made (Figure 3.7-3.12).

3.1.2.1 Radar araphs for vegetation species in 1997

The radar graphs that were constructed were done by using the mean

abundance values of selected plant species shown in Table 3.4. The surface

areas of each radar graph were determined and used for the correlation

shown in Figure 3.8.
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Table 3.4: Mean abundance of different vegetation species as caught in

the pitfall traps for the different rehabilitation ages in 1997.

Cyperus esculentus was very abundant at the beginning of rehabilitation, but

decreased dramatically thereafter. The other vegetation species also

decreased with increasing rehabilitation age. Eragrostis curvula was the only

species that had a definite increase with rehabilitation age (Figure 3.8).

Grid age 3 Vegetation 1997
Digio~

15

Cyp os( 181 58 Tag min C'jp os< 157 56Tag_

124
Ojn <lac Area = 6743 Area =3636

Grid age 7 Vegetation 1997
Digieri

15

Grid age 9 Vegetation 1997
Digien

15

Cyp osc 181 58 Tag "*' Cyp esc 187 58Tag min

124

Ojn dac Area = 6441
124

Ojn doc Area =4075

Figure 3.7: Radar graphs of the mean abundance of selected vegetation

species for the different rehabilitation ages for the surveys done in 1997,

showing the changes in surface area.
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1997 Rehabilitation age in 1997
Vegetation 3 5 7 9
Chlo gay 0.00 18.24 0.00 0.00
Cvn dac 4.18 22.44 58.35 33.07
Cyp esc 151.30 16.64 59.07 28.04
Digi eri 0.00 0.04 6.31 0.20
Erag cur 0.00 128.77 101.94 145.16
Hypa hir 0.00 44.79 40.48 15.54
Penn clan 61.33 47.20 0.27 18.56
Tag min 5.49 2.28 1.24 1.00



CHAPTER 3: THE CONSTRUCTION OF RADAR GRAPHS

3.1.2.2 Correlation Qraphfor veQetationspecies and rehabilitation

aQein 1997

Vegetation species 1997

Area \IS. Rehabilitation age
7000

I : I : i i i
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Figure 3.8: Correlation between the area under the radar graphs (Figure

3.7) and rehabilitation age (r = - 0.4209, P = 0.1160) for vegetation

species in 1997.

There is no significant correlation (r =-0.4209; P =0.1160). The vegetation

species were most abundant according to the surface areas in rehabilitation

age 3 and least abundant in rehabilitation age 5.

3.1.2.3 Radar Qraphsfor veQetationspecies in 1998

Table 3.5 indicates the values that were used to construct the radar graphs in

Figure 3.9. These radar graphs indicate the change in surface area over the

different grids in 1998.

Table 3.5: Mean abundance of different vegetation species as caught in

the pitfall traps for the different rehabilitation ages in 1998.

3
0.73
15.09

106.30
0.00

Rehabilitation a
5

8.51
14.21
22.67
0.44

e in 1997
7

0.00
27.37
64.80
13.78

9
0.00

112.46
60.15
5.04
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Cynodon dactylon and Eragrostis curvula increased with rehabilitation age

and dominated the vegetation cover in grid age 9 of the selected species.

Chloris gayana, Digitaria eriantha and Hyparrhenia hirla increased slightly but

decreased later. Tagetes minuta decreased at older rehabilitated grids.

Cyperus esculentus and Pennisetum cIandestinum were very abundant in

Grid 7&8 middle but decreased in Grid 3.

Grid age 3 Vegetation 1998
Digi ~ri

15

C)'p ese 187 56 Tag min

Area = 12454

Grid age 7 Vegetation 1998
Q;gien

15

C)'p esc lei

Grid age 5 Vegetation 1998

Alea=3347

Grid age 9 Vegetation 1998
Q;gieri

15

58Tog min C)'p .se 167

Area = 6398

56Tag mn

Area = 29087

Figure 3.9: Radar graphs of the mean abundance of selected vegetation

species for the different rehabilitation ages for the surveys done in 1998,

showing the changes in surface area.

Figure 3.9 indicates the surface areas that were determined for this suite of

vegetation species for the different grids. It is clear in the radar graphs that

there was fluctuation in the abundances of the selected vegetation species

across rehabilitation ages.
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Erag cur 27.30 115.11 85.90 444.50
Hypa hir 0.74 45.16 80.34 47.87
Penn clan 120.87 36.14 0.00 38.93
Tag min 18.12 1.77 1.23 1.15
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3.1.2.4 Correlation qraph for veqetation species and rehabilitation

aqe in 1998

Vegetation species 1998

Figure 3.10: Correlation between the area under the radar graphs and

rehabilitationage (r = 0.59519, P = 0.404815) for vegetation species in
1998.

This correlation graph showed positive correlation, but was insignificant. In

1998, the selected vegetation species were most abundant in rehabilitation

age 9 and least abundant in rehabilitation age 5.

3.1.2.5 Radar qraphs for veqetation species in 1999

The following table (Table 3.6) represents the mean abundances of the

selectedvegetationspeciesand these data were used to constructthe radar

graphs in Figure 3.11. Then the surface area was determined under each

radargraphand the differentgrids'surfaceareaswere compared.
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Table 3.6: Mean abundance of different vegetation species for the

different rehabilitation ages in 1999.

Eragrostis curvula was the most abundant species in all the grids.

Hyperrhenia hirta was the most abundant in Grid 11. Most of the other

speciesdecreasedas rehabilitationprogressed.

Grid age 3 Vegetation 1999
Digien

15

Grid age 5 Vegetation 1999
Diglen

15

56 Tag rnin Cyp e11C167

......

124

Cyn doc Area = 4322
124

Cyndoc Area = 6521

Grid age 7 Vegetation 1999
Di!jer1

15
..............

Grid age 9 Vegetation 1999
Dgieri

15

cw os<: 187 58Tag /Tin C\'!>esc 187 56Tag rnin

124
Cyn doc Area = 2553

124
Cyn <lac Area= 909

Figure 3.11: Radar graphs of the mean abundance of selected vegetation

species for the different rehabilitation ages for the surveys done in 1999,

showing the changes in surface area.
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1999 Rehabilitation age in 1997
Vegetation 3 5 7 9
Chlo gay 1.57 5.74 0.00 0.00
Cyn dac 22.58 25.68 15.03 24.28
Cyp esc 62.32 23.46 23.40 1.32
Digi eri 1.42 1.05 4.36 3.95
Erag cur 118.44 82.14 77.97 145.40
Hypa hir 1.15 81.12 92.92 14.25
Penn clan 17.76 40.36 0.00 6.45
Tag min 50.36 0.31 0.53 0.55
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3.1.2.6 Correlation Qraphfor veaetation species and rehabilitation

aQein 1999

Vegetation species 1999
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Figure 3.12: Correlation between the area under the radar graphs (Figure

3.11) and rehabilitation age (r = . 0.9976, P = 0.02351) for vegetation

species in 1999.

This graph (Figure 3.12) showed a significant negative correlation. According

to this figure, the selected vegetation species' surface areas decreased over

the rehabilitation ages.

The radar graphs are only a visual representation of the variation in

abundance of the vegetation species used, over time. The initial investigation

into the use of radar graphs to indicate ecosystem change based on the area

under the graph for the suite of species abundance proved to be not

applicable due to the large variation of abundance of species over

rehabilitation age.

31



CHAPTER 3: THE CONSTRUCTION OF RADAR GRAPHS

3.2 Application of radar graphs based on three

selected species (van Hamburg et al., 2004)

Van Hamburg et a/. (2004) identified two ant species that showed a clear

increase in mean abundance per transect of five traps across the different

sites. The species identified were Lepisiota laevis and Tetramorium

setigerum. Figures 3.13-3.15 illustrate the radar graphs that were constructed

for the survey years (1997-1999), using the data of the species identified. Van

Hamburg et a/. (2004) also concluded that Eragrostis curvula was a good

rehabilitation species. The figures represent radar graphs for the different

rehabilitation ages, respectively.

Table 3.7 indicates the mean abundance of the increaser species as identified

by van Hamburg et a/., 2004 for the different rehabilitation ages in 1997.

Table 3.7: Mean abundance of increaser species (van Hamburg et al.,

2004)for the different rehabilitation ages in 1997.

32

1997 Grid age in 1997
3 5 7 9

Tetr sta 0.00 0.00 0.00 5.33
Lepi lae 6.87 0.00 19.53 3.00
Eraa cur 0.00 128.77 101.94 145.16



CHAPTER 3: THE CONSTRUCTION OF RADAR GRAPHS
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Figure 3.13: Radar graphs for the three species identified (Van Hamburg

et al., 2004)over the different rehabilitation ages in 1997.

Table 3.8 indicates the mean abundance of the increaser species as identified

by van Hamburg et al., 2004 for the different rehabilitation ages in 1998.

Table 3.8: Mean abundance of increaser species (van Hamburg et al.,

2004)for the different rehabilitation ages in 1998.
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1998 Grid age in 1997
3 5 7 9

Tetr sta 0.00 3.00 0.00 5.00
LeDi lae 4.28 0.00 44.17 4.56
Eraa cur 27.30 115.11 85.90 444.50
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Grid age 3 1998
Tetrstg

10

Grid age 5 1998
Tot' stg

10

9<tepi 13e

Area = 101 Area = 299

Grid age 7 1998
TetrStg

10

Grid age 9 1998
Tetr Slg

10

Er!lgcJ90

Area = 3286 Area = 3700

Figure 3.14: Radar graphs for the three species identified (Van Hamburg

et a/., 2004) over the different rehabilitation ages in 1998.

Table 3.9 indicates the mean abundance of the increaser species as identified

by van Hamburg et al., 2004 for the different rehabilitation ages in 1999.

Table 3.9: Mean abundance of increaser species (van Hamburg et a/.,

2004) for the different rehabilitation ages in 1999.
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1999 Grid age in 1997
3 5 7 9

Tetr sta 0.00 0.00 0.00 1.33
Lepi lae 3.33 0.42 148.00 2.00
Eraa cur 118.44 82.14 77.97 145.40
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Figure 3.15: Radar graphs for the three species identified (Van Hamburg

et a/., 2004) over the different rehabilitation ages in 1999.

In comparison with the previous radar graphs, these radar graphs (Figure

3.13-3.15) show that with a selection of increaser species, the radar graphs

can be a good indicator of the rehabilitation process. This makes it possible to

construct a visual representation or perception of the changes in the

indicators' abundances that were chosen over time.
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4.1 Mathematical modelling

A mathematical model is a mathematical object, be it a graph, a matrix, a

Markov Chain, or any other mathematical construction that is used to

represent a process that appears in the world. The model has to be

complicated enough to approximate reality well, but at the same time it needs

to be simple enough to be analysable. The key idea is to have a way to

analyse behaviour of the process by looking at the similar behaviour in the

mathematical model (University of Washington, a.s).

De la Parra, et al. (2005) stated that in order to increase model efficiency,

many authors tend to integrate more and more details and knowledge about

the ecological systems they study. Knowledge is partially obtained at the

individual level and partially at the population level and both represent

relevant information, which should be integrated in mathematical models.

Taking care of this complexity may have inconsistent consequences. On the

one hand, a detailed description of relevant biological knowledge is necessary

for a realistic representation of natural processes and on the other hand, this

usually leads to complex mathematical models. An important approach in

theoretical ecology exists in the development of methods that manage the

trade-off between biological complexity and mathematical tractability.

36



CHAPTER 4: MATHEMATICAL MODELLING

4. 1.1 Matrixmodel

For the purpose of this model the seasonal influences were ignored and the

study focussed only on the factors influencing the abundance of species along

a rehabilitation age gradient. The model was applied to the effect of

rehabilitation at different ages since the start of rehabilitation.

The matrix model determines the interdependent relationship between all the

sampled species. Therefore the entries in the table (Table 4.2) show the effect

of the species given at the top of the table, on the species on the left-hand

side of the table. This is indicated by a value which can be positive or

negative. The data can be adapted over time. Extrapolation could indicate the

degree of rehabilitation in time; meaning that the model could indicate a

predictive trend over a longer time span than that over which the data were

collected to make an estimate of future growth or decline of populations, but

needs to be verified.

One month was taken as basic time interval. It was assumed for each species

that the population, xlm+1) in a given month, m+1, of species number i is

determined by its population in the previous month, m, as well as the food

available from the species under consideration during this time, Le. the other

variables in the list that were considered and the predator-prey interactions.

This implies,
23

X'm+l) _~ a X(m}
i - L.J11 j

j=1

in which the coefficient aij represents the influence that the population of

species number j has on the increase of species number i. This is an

extension of the ideas in the model given by Starfield & Bleloch (1991).

The matrix data were quantified with the use of this Markov Chain, in which a

population in the vector at any given month is multiplied by the matrix, to

reach population levels in the next month. A Markov Chain is a chain of

events for which the probabilities of outcomes or states depend on what has
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happened previously. For the purpose of the model constructed in this project,

a Markov Chain methodology was applied.

Table 4.1 demonstrates the expected interactions between plant, ant,

mesofaunal and soil factors in a matrix described in Chapter 2, Table 2.3.

Table 4.1: Interaction matrix of environmental parameters affecting

ecosystem change (See Table 2.3 for full names of species).

()

~
o

? ? 0
-1-1 -I -I 0
'~ :,; -I .,; 0
.,; '-I l '-I ,f
,f ,f ?,f 0
,f-l-l?O
..J .,; ,f ,f 0

The number ajj that corresponds to a II--J" in the table can be a negative

or positive number, while the number aij corresponding to 0 can be

assumed to be O.

The number corresponding to "?" can at first be taken as 0, and depending on

results from further research, later be taken as non-zero.

If aij is positive, it indicates that the abundance of Xjwill cause an increase of

Xj. If ajj is negative, it is assumed that the abundance of Xj will have a

decreasing effect on Xi.
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This allows the determination of all possible interactions between different

environmental factors that may influence the ecosystem (Table 4.2). The

values in the matrix were calculated from the mean abundance of each

species per grid (Appendix A).

Many of the matrix entries (Table 4.2) for the interactions between the

variables were assumed to be 0 as mentioned above. This might have the

effect that some interactions between the different variables were ignored in

order to make the model more tractable. This could result in the model giving,

in some instances, incorrect positive or negative values not necessarily being

a true representation of the interaction.

The non-zero elements of the matrix were computed by a minimisation

process in which they were adjusted to give the best fit between the model

and the data over the whole period in which data were sampled.

Model fitting to the matrix components is the next step in refining the model.

The fit between model and data was originally measured as the sum of the

squares of the differences between:

1) the predictions of the model for the populations,

2) the available data, at those times for which the data were available.

As soon as a reasonable fit was obtained, the measure of the fit was changed

to the sum of the absolute values of the differences (instead of the sum of the

squares). This was done because the sum-of-absolute-values measure is less

sensitive to outliers in the data. In such a wide ecological study, some values

might easily be outliers. Using the above measure controls this effect to a

large extent. It is important to refine the model dynamically as more data

become available in order to develop a more predictive model.

In the graphical presentation of the predictive model for the environmental

parameters, dots indicate the data, which is the mean abundance of the

species per grid and lines indicate the predictions of the matrix model.
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Table 4.2: The quantified matrix model to show values of all the species
interactions with other environmental factors.
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4.1.2 Model fitting

The model fitting graphs can help us determine the relationship between all

the species in the matrix model. There are a lot of limitations in this model and

because of this there will be some model fitting graphs that adopt small

negative values. The reason for the small negative values can be either that

the species do not survive in the area and therefore new species will arrive

until the ecosystem has reached its balance.

The graphs are not only dependent on the species itself, but also consider the

other species. If the graphs have a 100% fit to the data of the specific species,

then the fit of the data to the other species would be disturbed and the model

fitting graph will not serve its purpose, which is to take all the species into

account in one model for all the species simultaneously.

The fitting of the model is therefore dependent on the data available for

rehabilitation ages, in months, for all 23 variables.

The model fitting graphs were evaluated and then discussed, according to the

following criteria for the values in Table 4.2 (J. Spoelstra, Personal

communication):

./' :1:0- 0.03: May havean effect on the relevantspecies,but the effect is

not significant.

./' :1:0.04- 0.07: Has a positive or negative effect.

./' :1:0.08 >: Has a dramaticpositiveor negativeeffect.
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4.1.2.1 Model fittinq for plant species

Chamaecrista biensis

Cbamaecrlsta blensls

.. . '.
20 ~ 00 00 100 120 1~

thllnb~rof months

Figure 4.1: Predictive model of the plant species Chamaecrista biensis

abundance within the matrix.

According to the values calculated in fitting the model (Table 4.2),

Chamaecrista biensis seems positively affected by the number of Anoplolepis

custodiens, Lepisiota laevis, Solenopsis punctaticeps and Tetramorium

setigerum. Among these Tetramorium setigerum seems to have a prominent

positive effect on the abundance of Chamaecrista biensis. Conversely the

colony of Tetramorium sericeiventre seems to have a definite negative effect

on the population of Chamaecrista biensis, while Cardiocondyla shukardii and

Tetramorium vexator seem to have a smaller negative influence on the

occurrence of this legume species. Figure 4.1 shows a definite increase in

mean abundance over time. The model fitting graph therefore indicates that

Chamaecrista biensis is positively influenced by most of the significant

species in the matrix model.

HVlJarrhenia hirta

42

40

30
;;

§ 20-
.-

10<;
.4>
:E

00



CHAPTER 4: MATHEMATICAL MODELLING

This grass species grows well in drained soil, especially stony soils, in open

grass fields and also in the bushveld. It is also commonly found in disturbed

areas such as old cultivated lands and road reserves (van Oudtshoorn et al.,

1999). It is possibly the most popular thatching grass in South Africa. In this

country and the USA this grass is seen as a drought-resistant grass which

protects the soil and stabilises hard, stony soil and eroded areas (van

Oudtshoorn et al., 1999). So, this should be an ideal grass species for the

rehabilitated sites.

According to Meyer (2001), this stable grass community became well

established in the older rehabilitated areas. In Figure 4.2, there is a clear

increase in the mean abundance of this grass species which stabilised at later

stages of rehabilitation. Morgenthal (1999) suggested that fire within these

areas during 1998, could have stimulated the growth of Hyparrhenia hirta.

HYIHnrbenlah!lta

.. .
~,; ., ,

. .

"

20 m ro 00 100 120 1m
Number of months

Figure 4.2: Predictive model of the plant species Hyparrhenia hirla
abundance within the matrix.

According to the values in the table for fitting the model, Lepisiota laevis and

Tetramorium vexator have no effect on Hyparrhenia hirta, while Tetramorium

setigerum could have a large positive effect. This ant species is a seed

harvester (Holldobler et al., 1990) and Hyparrhenia hirta could be a food

source for this ant species. The effect, could however, be indirect and should

be researched further. Cardiocondyla shukardii might have had a small

negative to no effect on the abundance of this grass species This effect may

not be causal and is open for further investigation. Hyparrhenia hirta has a
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relative increase over 40 months of rehabilitation, but over the next few

months its abundance stays mostly constant (Figure 4.2).

Eraarostis curvula

This grass species is also known as "weeping love grass" and is usually found

in disturbed areas such as old cultivated lands and road verges. It is most

commonly found in well drained fertile soils. This species establishes easily

and is one of the best grasses to stabilise exposed soil (van Oudtshoorn et

aI., 1999). It is clear that this species is very successful over time (Figure 4.3)

and increased in mean abundance over rehabilitation time.

Figure 4.3: Predictive model of the plant species Eragrostis curvula

abundance within the matrix.
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According to Table 4.2, the abundance of Eragrostis cUlVula increased with

an increase in the abundance of Tetramorium sericeiventre and Tetramorium

setigerum abundance, which could be seed harvester ant species (Holldobler,

1990). Tetramorium vexator had a relatively high negative value in the matrix

table, so this grass species' abundance could have been negatively

influenced by the ant species. Anoplolepis custodiens, Cardiocondyla

shukardii, and Solenopsis punctaticeps have an insignificant small positive

effect on Eragrostis cUlVula's abundance, while Lepisiota laevis has a small

negative value of only -0.02 (Table 4.2).

Pennisetum clandestinum

This grass species, also known as "kikuyu", grows in disturbed areas in damp

soil and mostly in fertile and well drained soil. It is being used increasingly for

stabilising exposed soil. The name "kikuyu" is derived from the tribe in Kenya

where the first shoots were sampled for distribution (van Oudtshoorn et al.,

1999).
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Figure 4.4: Predictive model of the plant species Pennisetum
c/andestinum abundance within the matrix.

Anoplolepis custodiens, Cardiocondyla shukardii, Lepisiota laevis and

Solenopsis punctaticeps showed relatively small negative values in the matrix

table (Table 4,2) and these species might have had a slight declining effect on

the abundance of Pennisetum clandestinum. This effect may not have been

direct and should be further researched. Tetramorium sericeiventre has a

large positive value of 0.14. This ant species seems to have an increasing

effect on the abundance of Pennisetum clandestinum, but further research

should be done on the possible causal relationship between these two

species. Figure 4.4 shows that there is a clear increase in Pennisetum

clandestinum abundance over the months of rehabilitation.
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4.1.2.2 Model fittina for the % Carbon in the soil

%C in the soil

20 40 60 80 100 120 140

thlmber of months

Figure 4.5: Predictive model of the percentage Carbon in the soil within

the matrix.

The percentage of carbon in the soil was only sampled once in the three

years of surveys and could be the reason for the uneven graph. It is therefore

important in future studies to sample more often. It would then be possible to

make a more accurate prediction of the interaction with the other factors, on

percentage Carbon.

According to Figure 4.5, the percentage Carbon in the soil increased over the

first 20 months after rehabilitation and decreased thereafter. Then there was a

steady increase over the next few months and again a decrease after 110

months of rehabilitation. The species that could have had an influence,

according to the values in the matrix model (Table 4.2) are species such as,

Speleorchestes sp. and Pennisetum clandestinum, which corresponded with a

definite decrease in the percentage Carbon in the soil and respectively have

the values -0.18 and -0.06 in Table 4.2. Tarsonemus dendropus, Hyparrhenia

hirta and Eragrostis curvula had a slightly decreasing effect on the percentage

Carbon in the soil. The question still exits if this effect was direct and should

be further investigated. Bakerdania sp., Scutacarus sp. and Chamaecrista

biensis had an explicit positive influence on the percentage carbon in the soil.

These species might have had an indirect effect on the percentage carbon.
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Coccotydaeolus sp. and Solenopsis punctaticeps' abundances may have had

a slight increasing effect on the percentage carbon in the soil as Solenopsis

punctaticeps can contribute to the aeration of the soil and Coccotydaeolus sp.

could be associated with the possible breakdown of plant materials.

4.1.2.3 Model fittina for the ant species

Ano"lole"is custodiens

-..J
11'I1"1

These ants do not run in trails. Their nests are below the ground, without a

pile around the nest entrance (Picker et al., 2004). Anoplolepis custodiens is a

very aggressive and active ant species, feeding on other ant species and

insects (Steyn, 1954), and could have had a competitive effect on the other

ant species on the ash dams. This ant species could be regarded as a mid-

successional species (Van Hamburg et al., 2004).

3000
Ano(,(olepiscustodiens

~. .

.1000
o 50 100

Humber of months
150

Figure 4.6: Predictive model of the ant species Anoplo/epis custodiens
abundance within the matrix.
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Camponotus irredux has a large negative value of -0.32 in Table 4.2 and

could have had a decreasing effect on the abundance of Anoplolepis

custodiens. Camponotus irredux is a specialist ant species and does not

occur at the early stages of rehabilitation (Van Hamburg et al., 2004). The

abundance of Anoplolepis custodiens could have been negatively influenced

by Camponotus irredux's abundance in later stages of rehabilitation through

competition. Chamaecrista biensis and Hyparrhenia hirta are also associated

with a decline of this ant species' abundance, with values of -0.17 and -0.09

respectively. In contrast, Cardiocondyla shukardii, Tetramorium sericeiventre

and Pennisetum clandestinum could have had a large increasing influence on

the appearance of Anoplolepis custodiens. Tetramorium setigerum has a

value of 0.04 and Tetramorium vexator has a value of -0.04. These values

indicate a significant effect on the abundance of Anoplolepis custodiens. All of

the above possible effects are not necessarily causal and need further

investigation.

Cardiocondvla shukardii

Cardiocondyla shukardii has the characteristics of an opportunistic species. It

colonised the unrehabilitated and early successional areas (Van Hamburg et

al., 2004), where other more specialised ant species were unable to do so. It

disappeared from the older rehabilitated areas, probably as a result of the

recolonisation of more successful competitive ant species, better suited to the

changes in the habitat caused by vegetation succession (Jackson & Fox,

1996). According to Majer & de Kock (1992), this ant species is an

opportunistic ant species, indicative of recently rehabilitated sand mines in

South Africa, where it was one of the first ant species to colonise these mines.

In Figure 4.7, the species decreased as the rehabilitated sites got older.
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Cardiocondyla shokanlii
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Figure 4.7: Predictive model of the ant species Cardiocondyla

shukardii's abundance within the matrix.

Cardiocondyla species are ground nesting and most workers also forage on

the ground surface. They are only occasionally found foraging in trees.

These ants are very small in size and move slowly (Shattuck & Barnett, 2001).

These species are known as "insinuators". These colonies are usually small,

with no soldier caste and rely on small body size and quiet behaviour. These

colonies can be found in soil and plant cavities in small, hidden nests.

(Holldobler, 1990). Because of their small, hidden nests in soil and among

plants, this species can be transported easily by the wind or seeds. This

species is carnivorous (LSU AgCenter, 2005). The small number of workers

can ease their way passed the defensive workers without provoking an

aggressive response (Holldobler et aI., 1990). This could have been the

reason why this ant species' abundance was not significantly influenced by

the abundance of the other relevant species.

The only two species that correspond with an increasing Cardiocondyla

shukardii abundance were the ant species, Tetramorium sericeiventre and

Tetramorium vexator with the values 0.07 and 0.06 respectively, while

Hyparrhenia hirta had a low value of 0.04. The occurrence of Tetramorium

setigerum had a possible small declining effect on the abundance of

Cardiocondyla shukardii with a value of -0.04. Chamaecrista biensis has a
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value of 0.03, but this value is insignificant. The smaller positive and negative

values could be due to small data sets with the effect that analysis does not

produce sufficient information regarding the values. The influences of these

species on Cardiocondyla condyla could have been indirect and other factors

could have played a more essential role. To determine the definite effects, the

relationships between these species should be investigated further.

LelJisiota laevis

Lepisiota laevis is a mid-successional species and according to van Hamburg

et a/. (2004) increased in abundance up to 7 years after rehabilitation and

declined thereafter.

leplsiom I.levls
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Figure 4.8: Predictive model of the ant species Lepisiota laevis

abundance within the matrix.

According to Figure 4.8, the model showed a positive effect on the abundance

of Lepisiota laevis from 80 months and onwards in accordance with Van

51



CHAPTER 4: MATHEMATICAL MODELLING

Hamburg et al. (2004). Lepisiota laevis showed no significant influences from

the other species and showed no significant values in Table 4.2.

SolenolJsis lJunctaticelJs

These ant species are "extirpators" and lured by odour trails and tend to fight

it out with other competitor species (Holldobler et al., 1990). Solenopsis

punctaticeps could play an important role in the rehabilitation process,

because they fulfil a number of functions within the soil, such as soil mixing,

helping with ventilation in the soil and the enhancing of water filtration (Meyer,

2001). This ant species can also be regarded as a mid-successional species

(Van Hamburg et al., 2004).
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Figure 4.9: Predictive model of the ant species So/enopsis punctaticeps

abundance within the matrix.

52



CHAPTER 4: MATHEMATICAL MODELLING

The abundance of So/enopsis punctaticeps abundance corresponds

negatively with the abundance of Chamaecrista biensis and has a value of -

0.12 in Table 4.2. This effect may not have been causal and the relationship

between these species should be looked into. This effect could also have

been influenced by the other ant species through inference competition. The

percentage Carbon in the soil had a possible positive effect on the abundance

of the species Chamaecrista biensis. Pennisetum clandestinum may,

according to the value of 0.06, be more abundant in the presence of

Solenapsis punctaticeps. This ant possibly facilitates Pennisetum

clandestinum to grow more effectively by enhancing the ventilation of air and

water filtration. The graph constructed from the fitting of the model (Figure

4.9) does not indicate much, except that the other variables did not

significantly influence the abundance of this ant species over time.

Cam"onotus irredux

Campanatus is one of the world's richest and widespread ant genera, having

well over a thousand species and they occur in virtually all habitats supporting

ants (Anderson, 2000). These ants will respond with a defensive recruitment

of hundreds of nest mates when certain species intrude in their territory,

particularly the most serious competitors for essential resources like nesting

sites and food. Some of the Campanatus species are nocturnal and are only

active at night when the temperatures are lower and when the other

competitive species are inactive (Meyer, 2001). According to Slingsby (1991),

Campanotus species are poor competitors and are eaten by more competitive

ant species. Van Hamburg et al. (2004) regarded this ant species as a mid-

late successional species.
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50 100 150

Ifumber of lUonths

Figure 4.10: Predictive model of the ant species Camponotus irredux

abundance within the matrix.

According to the values in the matrix model table (Table 4.2), there were no

significant influences from the other species. Only Tetramorium setigerum

showed a negative value of 0.02, but this value does not carry an indicative

weight. According to Anderson (1995), these ant species have low relative

abundances in any ant community in Australia. According to Figure 4.10,

these ant species were very low in abundance, with many 0 values. This does

not necessarily mean that this species was absent, but that it was present in

low densities and this makes it difficult to catch these rare species (Meyer,

2001). Meyer (2001) also suggested that these species preferred conditions

characteristic of late successional ash dam grids.

Tetramorium sericeiventre
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This ant species is basically found in the savannah but can also be found

nesting in forest zones. They forage below the soil surface (Taylor, 2005).

These species are early-successional species. This opportunistic species is

one of Africa's most widely distributed species, and is found in open areas,

having been found to be early-successional species in the Hendrina Power

Station study, (van Hamburg et a/., 2004). However Figure 4.11 does not

support this finding in that this species seems to indicate intermediary

succession.

Number of montl\$

Figure 4.11: Predictive model of the ant species Tetramorium

sericeiventre's abundance within the matrix.

This ant species presents a rippled graph (Figure 4.11) and this could be an

indication of how the other species in the model influence this ant species

over time. This species was significantly influenced by the presence of

Tetramorium vexator and has a value of -0.13 in Table 4.2. P ennisetum

clandestinum's abundance might have had a small decreasing effect on the

abundance of Tetramorium sericeiventre but the effect is not significant

because Table 4.2 showed a small negative value of -0.02. Chamaecrista

biensis is a legume and because this ant species is a seed harvester, it could

explain why this plant species had a positive effect on the abundance of the

ant species Tetramorium sericeiventre.
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Tetramorium setiaerum

Tetramorium setigerum is a late-successional species and is often associated

with shrubby vegetation (van Hamburg et al., 2004). The older rehabilitated

ash dam grids are characterised by higher plant species diversity; more litter,

more seed, the presence of suitable niches and resources and other

favourable environmental conditions (Meyer, 2001), and can possibly explain

the higher number of Tetramorium setigerum and Tetramorium vexator.

According to Meyer (2001), Tetramorium setigerum was the last Tetramorium

species to colonise the ash dams, and was caught in higher relative

abundance on the older rehabilitated ash dam grids, making it a good

indicator of an older and possibly more mature stage of rehabilitation. Figure

4.12 supports this fact as it clear that this species started to colonise the ash

dams at later stages of rehabilitation.

Figure 4.12: Predictive model of the ant species Tetramorium

setigerum's abundance within the matrix.
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According to Table 4.2 there were no significant values of any other species

contributing to the abundance of this ant species. The occurrence of

Camponotusirreduxcan have a possiblenegativeeffect with a value of -0.02

and Cardiocondylashukardiimay have a small increasingto no effect on the

abundanceof Tetramoriumsetigerum,with a valueof 0.02.

Tetramorium vexator

Tetramorium vexator became more abundant at a much later stage of

succession when more plant species were established, producing a vast

amount of seed (Meyer, 2001) and is considered as a mid-to-Iate-

successional ant species (Van Hamburg et al., 2004). Meyer (2001) also

suggested that this ant species is indicative of older rehabilitated areas on the

ash dams. This might have been a contributing reason why these species

increased over the course of rehabilitation (Figure 4.13).

t4umberof montJ1$

Figure 4.13: Predictive model of the ant species Tetramorium vexator

abundance within the matrix.
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The only species that could perhaps have had an influence on this species'

abundance is Camponotus irredux, which is a predator ant and could feed on

Tetramorium setigerum and shows a small positive value of 0.02 in Table 4.2.

If this is the case, it could explain the negative effect on the abundance of

Tetramorium vexator.

4.1.2.4 Model fittina for mesofaunal species

Prostigmatic species

These mites have one or two pairs of stigmata (openings of the respiratory

system) situated close together at the base of the mandibles. They include

parasites (internal or external) of vertebrates and invertebrates as well as

phytophagous and predatory species (Evans et al., 1961).

They were low in abundance in rehabilitated areas and high in abundance in

the natural veld. This could indicate that these species prefer stable, climax

conditions.

S"eleorchestes. so.

" .. .
~::;:t :.~
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I~umberof month~

150

Figure 4.14: Predictive model of the abundance of the mesofaunal

species Speleorchestes sp. within the matrix.

Protogamasellus sp. has a pronounced negative effect on this mesofaunal

species with a value of -0.09 (Table 4.2). Protogamasellus sp. is a predator
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species and Speleorchestes sp. could serve as a food source for this predator

species. It is clear from Figure 4.14 that this species decreased dramatically

after 50 months of rehabilitation.

Coccotvdaeolus SfJ.

This bacteriophagus (P.O. Theron, personal communication) mesofaunal

species' abundance decreased about 30 months after rehabilitation (Figure

4.15).

COCCOtydMhls sp., .

.' .
~. .. ...

50 100 150
Number of montl.s

Figure 4.15: Predictive model of the abundance of the mesofaunal

species Coccotydaeolus sp. within the matrix.

This could have been due to the introduction of predator species such as

Protogamasellus sp. and Rhodacarus sp. According to the values in Table

4.2, -0.08 and -0.12 respectively, they could have had a dramatic negative

influence on the abundance of Coccotydaeolus sp.

Tarsonemus dendrofJus

According to de la Rey (2001), this mite species could be a successful

candidate as an indicator of ecosystem change. Hutson and Luff (1976),

mentioned that Tarsonemus sp. became dominant in the second year of the

rehabilitation of the coal shale in Northumland, England.
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Figure 4.16: Predictive model of the abundance of the mesofaunal

species Tarsonemus dendropus within the matrix.

According to Figure 4.16, this saprophytic (P.O. Theron, Personal

communication) mesofaunal species' mean abundance decreased over the

period of rehabilitation due to the influence of all the other species. This

species could be a good indicator of ecosystem change (de la Rey, 2001) and

according to Hutson and Luff (1976), Tarsonemus sp. should become

dominant shortly after rehabilitation started, although Figure 4.16 shows a

decrease. Therefore, there could have been other variables that had a

declining effect on this species' abundance.

Scutacarus SIJ.

Figure 4.17 shows an increase in this species mean abundance followed by a

decrease after 40 months of rehabilitation as indicated by the data and the

model.

Sctltacarus sp.

.. . .
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! . ~ I

50 100 150
Number of m4}n1hs

Figure 4.17: Predictive model of the abundance of the mesofaunal

species Scutacarus sp. within the matrix.
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Table 4.2 showed that Rhodacarus sp. corresponds with a significant negative

influence on the abundance of Scutacarus sp and showed a value of -0.04.

Although Rhodacarus sp. is a predator ant species, and these two

mesofaunal species might be in competition for shelter, the interaction may

not have been direct. Protogamasellus sp.'s abundance sh owed a lesser

negative interaction with Scutacarus sp. with a value of -0.03 in Table 4.2.

Bakerdania SO.
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Figure 4.18: Predictive model of the abundance of the mesofaunal

species Bakerdania sp. within the matrix.

Protogamasellus sp. and Rhodacarus sp. are associated with a decrease in

the abundance of Bakerdania sp. with values indicated in the fitting of the

model table of -0.02 and -0.01I respectively.These species might be in

competition for occupation space on the plants, as Bakerdania sp. is a

bacteriophagus (P,D. Theron, Personal communication) and Protogamasellus

sp. and Rhodacarus sp. are predator mites (P.O. Theron, Personal

communication). It could also be possible that the low abundance of

Bakerdania species would then not have a great effect on the other species

and vice versa.
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Cryptostigmatic species

Cryptostigmata implies "hidden stigmata" and the openings of the stigmata

are situated primarily in the joints of the legs. These mites are phytophagous;

mostly fungivorous although a number of forms consume decaying leaves of

higher plants (Evans et aI., 1961).

De la Rey (2000) indicated that there was no significant increase in

abundance of the Cryptostigmatic species as the rehabilitation age increased.

These species were absent in the unrehabilitated grids, more abundant in the

rehabilitated grids and the most abundant in the natural veld. The

Cryptostigmatic mites were the most sensitive for environmental disturbances

(de la Rey, 2000).

~rachvtJ1!mjus Sl).

According to Figure 4.19, this species was complemented by the other

species and has a steady increase as the rehabilitated sites got older.

Figure 4.19: Predictive model of the abundance of the mesofaunal

species Brachythonius sp. within the matrix.

The increase of Protogamasellus sp. 's abundance, seems to have a

decreasing effect on the abundance of Brachythonius sp. with a rather

insignificant table value of -0.02. This could have been a direct influence, but

further research is necessary to determine this. Rhodacarus sp.'s abundance

corresponds with an increase in Brachythonius sp. and has a value of 0.04 in
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Table 4.2. Brachythonius sp. can serve as a food source for predator species

and would therefore have a positive influence on the predator mite species.

Verachthonius so.

This mite species is a liquid feeder (P.O. Theron, Personal communication)

and according to Figure 4.20, this species' abundance declined after 40

months of rehabilitation. Therefore this species was not augmented by the

other species in the matrix model.
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Figure 4.20: Predictive model of the abundance of the mesofaunal

species Verachthoniussp. withinthe matrix.

Verachthonius sp. 's abundance corresponds negatively with an increase in

abundance of Protogamasellus sp. and its value in the matrix model is -0.04.

This again could be due to interference competition. Rhodacarus sp. had a

small enhancing effect on Verachthonius sp. and has the value 0.03, which is

not a very liable effect.

Sclerobatus rectus

Figure 4.21 shows an increase in Sclerobatus rectus' mean abundance as the

rehabilitation progressed over the number of months.
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Sclerobatus rectus
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Figure 4.21: Predictive model of the abundance of the mesofaunal

species Sc/erobatus rectus within the matrix.

Sclerobatus rectus' abundance seems to be mainly affected by the two

predator species Protogamasellus sp. and Rhodacarus sp. Protogamasellus

sp.'s occurrence had a possible negative effect on the abundance of

Sclerobatus rectus and might have had a large negative influence on this mite

species. Further research is needed to investigate this effect. Rhodacarus sp.

has a value of 0.11 in the table, and could have had a positive effect on the

appearance of Sclerobatus rectus. Protogamasellus sp. could perhaps feed

on Sclerobatus rectus and could therefore be in competition with Rhodacarus

sp. for food. Rhodacarus sp. and Protogamasellus sp. have significant values

in Table 4.2 namely 0.11 and -0.06, respectively.

Mesostigmatic species

The following mites are from the order Mesostigmata and have a pair of

stigmata abdominal between the third and fourth pair of legs, or near the

fourth. The majority of Mesostigmata are free-living in soil and decaying

organic matter. Many are adapted, structurally and biologically, as parasites of

vertebrates and invertebrates (Evans et al., 1961).

There were insignificant numbers of these species in the rehabilitated areas.

They were more abundant in the natural veld, which indicates that they prefer

the stable soils (de la Ray, 2000). De la Ray (2001) also suggested that the
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only species that occurred in significant numbers were Protogamasellus sp.

and Rhodacarus sp. The following figures represent the model fitting of these

two species.

Protoaamasellus S".

Figure 4.22 shows a decrease in mean abundance after 20 months of

rehabilitation. This could be due to the introduction of new competitive species

in the ecosystem. After that, this species increased over the next number of

months of rehabilitation.

PlotogamaseUus Sl).
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Figure 4.22: Predictive model of the abundance of the mesofaunal

species Protogamasellussp. withinthe matrix.

Protogamasellus sp. seems positively affected by Speleorchestes sp. with a

value of 0.04 in the matrix interaction table (Table 4.2). The occurrence of the

species Bakerdania sp. and Sclerobatus rectus had a possible increasing

effect on the abundance of Protogamasellus sp. and they have values of 0.28

and 0.17. Rhodacarus sp.'s abundance might have had a slight increasing

effect on the distribution of Protogamasellus sp. according to the values in the

Table 4.2 and Verachthonius sp.'s abundance could have had a decreasing

effect on the abundance of Protogamasellus sp. Tarsonemus sp. and

Scutacarus sp. also could have had a declining effect on Protogamasellus

sp.'s abundance with values of -0.11 and-0.2 in Table4.2.
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Rhodacarus SO.
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Figure 4.23: Predictive model of the abundance of the mesofaunal

species Rhodacarus sp. within the matrix.

Coccotydaeolus sp., Scutacarus sp. and Brachythonius sp. might have

boosted the occurrence of Rhodacarus sp. These species' abundances could

have had a large increasing effect on the abundance of Rhodacarus sp. It is

possible that the effects were not direct and further research is necessary.

This predator mite species' abundance might have been negatively affected

by the occurrence of Tarsonemus sp., Bakerdania sp. and Sclerobatus rectus

and food resources could have been the reason for the decline in abundance

of this species. Verachthonius sp.'s abundance could have had a possible

decreasing effect on the abundance of Rhodacarus sp. According to Evans

(1992), the preferred food for Rhodacarus sp. is nematodes and free-living

soil organisms.
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4.1.3 Correlations for matrix model

Correlations of the interactions between species that showed the highest

positive or negative values in Table 4.2 were calculated and the correlation

coefficients are given in Table 4.3. The significant correlations are presented

in correlation graphs. Table 4.3 summarises the p- and r-values calculated for

the correlations between the different variables.

Table 4.3: The correlation coefficients for the correlations between the

relevant interactions
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p-
Correlation between different species r-value value
Plants vs. Ants 0.6594 0.0000
Plants vs. Tetramorium sericeiventre 0.3633 0.0000
Plants vs. Anoololepis custodiens 0.1477 0.1482
Plants vs. Camoonotus irredux 0.1645 0.1257
Plants vs. pH 0.3562 0.0248
% Carbon vs. Plants 0.2172 0.0709
% Carbon vs. Chamaecrista biensis 0.1742 0.1006
Eraqrostis curvula vs. rehabilitation aQe 0.6643 0.0000
% Carbon vs. Ants 0.7248 0.0177

Camponotus irredux vs. Anoplolepis
custodiens 0.6235 0.0000
% Carbon vs. mesofauna 0.1661 0.3056
% Carbon VS.Coccotydaeolus sp. 0.1396 0.2492
%C VS.Scutacarus sp. 0.1210 0.3183
%C VS.Soeleorchestes sp. 0.0188 0.8774
%C VS.Tarsonemus dendropus 0.2622 0.0284
%C VS.Sclerobatus rectus 0.0389 0.7494
%C VS.Bakerdania sp. 0.1886 0.1178
Plants VS.Mesofauna 0.3080 0.0119
Mesofaunal saprophytes VS.Plants 0.0559 0.6717
Scutacarus SD.VS.Protoqamasellus sp. 0.3328 0.0031
Rhodacarus sp. VS.Tarsonemus
dendropus 0.1192 0.3017
Chamaecrista biensis vs. Anoplolepis
custodiens 0.0399 0.7507
Chamaecrista biensis vs. Solenopsis
ounctaticeos 0.0273 0.8281
Rhodacarus so. vs. Coccotydaeolus sp. 0.2620 0.0213
Protoqamasellus so. vs. Bakerdania sp. 0.2229 0.0514
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The correlations were drawn with the mean abundances as shown in

Appendix A.

4.1.3.1 Correlation between mean abundance of plant and ant
species

Many researchers have suggested that certain ant/seed-foraging relationships

are mutualistic and that seeds benefit by being buried in ant nests (Majer,

1980).

Berg (1975) pointed out that many plants possess diaspores, which are

myrmecochorous (they are regularly dispersed by ants because of ant-

attracting structures, elaiosomes, on their seeds or fruits). According to Berg

(1975), one can accept that the presence of seed-foraging ants is necessary

for the future survival of seeds produced by plants in maturing revegetated

bauxite mined areas. Therefore seed removal by ants is not likely to be a

problem in the centre of rehabilitated bauxite mined areas. The fact that seeds

are removed from newly rehabilitated areas by ants does not mean that the

seeds are destroyed. These ant species consume the elaiosome without

overly affecting the viability of the seed (Berg, 1975).

It is clear from Figure 4.24 that there is a strong significant positive correlation

(r = 0.65941, P = 0.0000) between the abundance of ant and plant species.

PLANTS vs. ANTS
30

-5
-2 10 12 14 18

ANTS

Figure 4.24: Correlation between mean abundance of plant and mean

abundance of ant species over the three years of rehabilitation surveys

(r = 0.65941,P = 0.0000).
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This could be due to the fact that the majority of plant species are grasses

and therefore the ants consume and spread the grass seeds and ensures the

spread of the seeds. Another possible reason could be related to the aeration

of soil or the increase of organic material through the ant species.

4.1.3.2 Correlation between mean abundance of plants and

Tetramorium sericeiventre

Figure 4.25 shows a significant positive correlation between the abundance of

plants and Tetramorium sericeiventre (r = 0.36330; P = 0.0000).

PLANTS vs. TETRAMORIUM SERICEIVENTRE
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Figure 4.25: Correlation between mean abundance of plant species and

Tetramorium sericeiventre (r = 0.36330, P = 0.0000) over the three years

of rehabilitation.

This ant species is a seed consumer and can help with the spreading of plant

seeds. This corresponds with the values in the interaction table (Table 4.2),

which suggests that the plant species and Tetramorium sericeiventre affect

each other.
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4.1.3.3 Correlation between pH and plant species

Because there was no pH reading for rehabilitation age 0, we removed it from

the dataset.

pH vs. PLANTS
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Figure 4.26: Correlation between the pH and the mean abundance of

plant species over the three years of surveys (r = -0.3562,P= 0.02477).

Figure 4.26 shows a statistically significant negative correlation between the

pH and mean abundance of plant species. According to Morgenthal (2000),

an important regulating factor on the alkalinity of the soil is the amount of

organic material in the soil, clay content and leaching of the soil. Most plants

perform best in a soil that is slightly acid to neutral (pH 6.0 to 7.0) (Anderson,

a.s). In Figure 4.26, the plants were most abundant in the less alkaline soils.

Anderson (a.s) recorded that soils' acidity is mainly controlled by the amount

of hydrogen and aluminium ions that are either contained in, or generated by

the soil and soil components.

Ash dams consist of high aluminium concentrations. As pH decreases, the

danger of aluminium becoming soluble and available at toxic levels increases.

This secondary effect must be taken into account with ash dam rehabilitation.
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4.1.3.4 Correlation between percentaQecarbon in the soil and

mean abundance of plant species

There was no percentage carbon reading for unrehabilitated sites (age 0) and

was removed from the dataset.

'IoC vs. PLANTS
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Figure 4.27: Correlation between the percentage carbon in the soil and

the mean abundance of plant species (r = 0.21717, P = 0.070931).

Figure 4.27 indicates an insignificant positive correlation between the

percentage carbon in the soil and the mean abundance of plant species. As

rehabilitation progressed, the percentage carbon increased over the

rehabilitation months, but the increase was not significant. The fact that this is

a weak correlation corresponds with the values for the plant species per grid

for the three years of rehabilitation surveys and the percentage carbon in the

soil. Pennisetum clandestinum was the only plant species that had a

noticeable effect on the percentage carbon with a value of 0.04. This is a

relatively positive effect.
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4.1.3.5 Correlation between Eraqrostis cUlvula's mean

abundance and rehabilitation aQe

Eragrostis curvula vs. RehabmtationAge
90

-10" 10
REHABAGE

Figure 4.28: Correlation between the mean abundance of Eragrostis

curvulaand rehabilitationage (r = 0.664317,P = 0.0000).

There is a strong positive correlation between Eragrostis curvula and the

rehabilitation age. It is clear (Figure 4.28) that as rehabilitation sites aged, the

abundance of Eragrostis curvula increased significantly. This correlation has

an r-value of 0.664317. Eragrostis curvula could possibly be used as a bio-

indicator of ecosystem change, in ash dam rehabilitation.

4.1.3.6 Correlation between percentaQecarbon in the soil and ant

species

%C vs. ANTS
I.t

ANTS

Figure 4.29: Correlation between percentage carbon in the soil and

mean abundance of the ant species. (r = 0.72481, P= 0.017719).
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Although this correlation is only done for September 1997, it shows a strong

positive correlation between the percentage carbon in the soil and ant

abundance (Figure 4.29). Only September was used, because the other

months of the different surveys did not have sufficient data, values being

mostly O. Better aeration would have had a positive effect on vegetation

leading to a higher percentage carbon in the soil. The ant species could also

have brought plant materials into the soil and this could have possibly led to

the higher levels of carbon.

4.1.3.7 Correlation between the PercentaQeCarbon in the soil

and Tarsonemus dendrolJus

%C vs. TARSONEMUS DENDROPUS
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Figure 4.30: Correlation between percentage carbon and mean

abundance of Tarsonemus dendropus individuals (r = 0.26215, P =

0.028360).

There is a statistically significant positive correlation between these two

variables (r = 0.26215; P = 0.028360), and illustrates a significant relationship

between Tarsonemus dendropus and the percentage carbon in the soil

(Figure 4.30). This species is a saprophyte and the positive correlation

indicates its importance in the break down of plant material to increase carbon

content in the soil. The value in Table 4.2 indicates a small negative effect of
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Tarsonemus dendropus in the percentage carbon in the soil with an

insignificant value of -0.04.

4.1.3.8 Correlation between mean abundance of plant species

and Mesofauna

Relationship between plant and mesofaunal species

The effect of soil fauna on plant productivity is mainly indirect. Although the

predator mites among them use only a very small amount of the system's

energy, they may influence primary production considerably by controlling

potential pests (Odum, 1984) and by taking part in the rate regulation of

nutrient cycles driven by the decomposer chain (Reichle et al., 1975). Figure

4.41 shows the correlation graph between the mean abundance of the plant

species and mesofaunal species.

Plants vs. Mesofauna
30

: ~ ~~ ~ ~ ~ t: ~ ~: ~t:::: t~ ~ ~ ~ ~J:~::::t:::: J ~~~~~~t ~:: ~~. t ~~~~~~t~~~~~J:; ~-. . . ,.. . . . , ~#

! ~ m\:tm:"1~cf;'!~;1i.::1":r:jrl~::';:m
: ~:~:::t::::::t::::::t::::::t::::::t::::: j:::::::t:::::: t::::::t:::::: 1::::::
2 -.i~:... .1.. ~ ~..-_..~ .i ~ -i-.. t .i-.-...
O. . . . ,. .',.

~ 0 2 4 6 8 m U W W 18 ~

MESOFAUNA

Figure 4.31: Correlation between mean abundance of plant species and

mean abundance of mesofaunal species (r = 0.30795, P = 0.011887).

Figure 4.31 shows a significant correlation between the plant and mesofaunal

species. r = 0.30795 and indicates a positive relationship between these two

variables. Silvan, Laiho & Vasander (2000) suggested that soil fauna play an

important role in ecosystem nutrient cycling. These species act as

decomposers and digest large amounts of plant matter and facilitate further
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decomposition of the substrate by soil microbes (Silvan et al., 2000). These

processes could improve the conditions under which the plants grow.

4.1.3.9 Correlation between Scutacarus Sf). and Protoaamasellus

§Q.

SCUTACARUSSP. vs. PROTOGAMASELlUSSP.
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Figure 4.32: Correlation between mean abundance of Scutacarus sp.

and mean abundance of Protogamasellus sp. (r = 0.3328, P = 0.003100).

There is a significant positive correlation between Scutacarus sp. and

Protogamasellus sp. Figure 4.32 shows an r-value of 0.3328. According to the

values in Table 4.2, Scutacarus sp. has a definite declining effect on the

predator mite species Protogamasellus sp. The value of this interaction is -

0.2. Protogamasellus sp. has a slight negative influence on the abundance of

Scutacarus sp. with a value of only -0.03.

This anomaly of a positive correlation but a negative matrix value may be due

to the mathematical modelling having to compensate for all the factors and

influences of species. It may be due to inherent shortcomings of the model.

Further investigations may serve to clear this up.
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4.1.3.10 Correlation between Rhodacarus Sf). and

Coccotvdaeolus Sf).

RHODACARUS SP. vs. COCCOTYDAEOLUS SP.
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Figure 4.33: Correlation between mean abundance of Rhodacarus sp.

and mean abundance of Coccotydaeolus sp. (r = 0.26200, P = 0.021346).

This is a relatively good correlation between Rhodacarus sp. and

Coccotydaeolus sp. (Figure 4.33). Rhodacarus sp. has a significant negative

effect on Coccotydaeolus sp. with a value of -0.12 in Table 4.2. This confirms

the fact that Rhodacarus sp. is a predator mite species and could feed on this

prey species. The converse is also true, since Coccotydaeolus sp. influences

Rhodacarus sp. positively, and has a value of 0.05 in the matrix table (Table

4.2), therefore the predator mite species' abundance increases with the

increase of Coccotydaeolus sp.'s abundance.
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4.1.3.11 Correlation between Protoaamasellus Sf). and

Bakerdania Sf).

PROt'OG"-IMSELLUS SP. va. BAKERDANIA Sf.
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Figure 4.34: Correlation between mean abundance of Protogamasellus

sp. and mean abundance of Bakerdania sp. (r =0.2229,P= 0.051396).

Figure 4.34 shows a positive relationship between these two mite species.

Protogamasellus sp. is a predator mite species and is therefore positively

affected by an increase in Bakerdania sp.'s abundance which could serve as

a food source for the predator. This can be concluded from the correlation

figure with r = 0.2229.
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CONCLVSION

5.1 Conclusion and recommendations for future studies

The objective of this study was to evaluate the suitability of two possible

models to model population change during the rehabilitation of ash disposal

sites

The first model evaluated in Chapter 3 used radar graphs which were

constructed to model the mean abundance of a suite of species, selected with

the help of a sensitivity analysis done by Burger et al. (2002). These radar

graphs were applied for various rehabilitation ages and the relationship

between the surface area under the graph for each selected grid against the

rehabilitation age was shown. After the radar graphs were constructed, a

correlation graph was drawn between the surface area under the graph and

rehabilitation age. The radar graphs were useful in showing a visual

representation of the changes in indicator abundances of the concerned

species, over time.

The radar graphs showed that Eragrostis curvula constantly increased over

the rehabilitation ages. The axes of the radar graphs were divided according

to the highest values represented by each species, thus the axes have

different values This could be confusing due to the fact that axes for different

variables not being the same and thus appearing incomparable. However, it
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is still possible to compare the different radar graphs, since the scales of the

axes were kept at the same values for each figure. Each of the variables does

not carry the same weight in an ecosystem and it is therefore essential to

designate a specific weighted value to each variable.

The main purpose of the radar graphs was to identify the variables that

showed a clear increase throughout the rehabilitation ages and these

variables were then used to construct a radar graph.

A disadvantage of the radar graph model is that it is difficult to apply it to too

many variables due to the fact that the variables are represented on different

axes. With too many axes, the visual representation is not significant

anymore.

From the radar graphs, it became clear that Eragrostis curvula was the only

species that increased significantly with increasing rehabilitation age.

Tetramorium setigerum and Lepisiota laevis were added to the list of species

given by Burger et al. (2002), based on the results from Van Hamburg et al. .

(2004) that these species increased over rehabilitation age. Radar graphs

were drawn for the different grids. The three species did not show much

relevance in the radar graphs. The radar graphs are only visual illustrations of

the occurrence of the variables and can therefore not be used to make

significant scientific conclusions about the interactions of the different

variables with each other.

It is sometimes necessary for a scientist to have a visual representation,

especially for massive datasets. This enables a scientist to form a complete

picture of the variables and their dynamic changes over time. Radar graphs

do serve this purpose.

The second model presented in chapter 4 is the matrix model and appears to

be the better model to represent multivariate data. The matrix model makes it

possible to consider more variables and more simultaneous interactions could

be determined.
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The main purpose of the matrix model was to create order in wide-ranging

datasets by including a large number of interactions between a large number

of variables over a long period of time. This matrix model is less sensitive to

outliers, but it is still impossible to include all the possible tendencies. All the

interactions are considered in this model, but not every interaction may show

statistical or biological significance.

This model makes it possible to indicate a predictive trend over a longer

period of time over which the data were collected and makes it is possible to

estimate future growth or decline of the variables considered in this study.

However, these trends, still need to be verified and further researched.

The data points on the graphs represent the real mean abundance values of

all the variables considered for different periods of time, respectively. The line

represents the best fit of a specific variable within the multivariate model. It is

therefore not a fit to the data points on the graph, but includes the influence of

all the variables on that specific variable.

The values in the matrix table (Table 4.2) are either positive or negative,

depending on the effect of the variables on each other. If the value was of any

significance, a correlation was drawn between these two variables. There

were only a few correlation graphs with statistical significance. It also occurred

in some cases that there was a positive correlation but that the matrix values

were negative. This inconsistency may have been due to the mathematical

modelling having to compensate for all the other factors involved and

indicates an innate shortcoming of the model.

This matrix model could be a useful tool in future studies, but it is necessary

for more proportional surveys to collect more data over a longer period of time

to develop a more reliable model so that more data points can be compared.
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Ants matrix model

Mean abundance for ant species per month for different rehabilitation

aaes on the rehabilitated ash dams associated with Hendrina Power

Station (1997-1999)

90

Rehab Anop Camp Card Lepi Tetr
Month aae cus irr shu lae Sole pun Tetr ser Tetr stg vex

3.00 0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.00 0.00

3.00 3.00 0.50 0.00 2.50 0.00 0.00 0.00 0.00 0.00

3.00 4.00 0.33 0.00 4.67 0.00 0.00 1.67 0.00 0.00

3.00 5a 379.00 0.00 0.00 0.67 1.00 5.33 0.00 5.67

3.00 5b 443.00 0.33 0.00 13.00 0.67 7.33 0.00 5.33

3.00 5c 60.00 0.00 0.00 11.00 0.33 3.33 0.00 0.00

3.00 7a 84.00 0.00 4.50 4.50 0.00 0.50 1.50 7.50

3.00 7b 123.00 0.00 0.00 25.00 0.00 9.67 0.00 3.00

3.00 7c 70.33 0.00 0.00 82.00 0.67 2.00 0.00 0.67

3.00 7d 11.67 0.00 0.00 36.67 0.00 0.33 0.00 0.33

3.00 9.00 75.33 0.67 0.00 4.00 0.00 0.67 2.33 2.00

5.00 0.00 0.00 0.00 0.00 0.00 9.00 0.00 0.00 0.00

5.00 3.00 1.00 0.00 2.00 0.00 2.50 0.50 0.00 0.00

5.00 4.00 0.67 0.00 0.00 2.33 0.00 2.00 0.00 0.33

5.00 5a 6.67 0.00 0.00 0.00 0.00 0.67 0.00 1.00

5.00 5b 2.33 0.33 0.00 7.33 0.00 0.67 0.67 1.33
5.00 5c 1.67 0.00 0.00 0.67 0.00 0.00 0.00 0.00

5.00 7a 4.00 0.00 0.00 1.00 0.00 0.50 0.00 6.50

5.00 7b 4.00 0.00 0.00 6.33 0.00 0.67 0.00 0.33

5.00 7c 5.67 0.00 0.00 47.67 0.33 1.33 0.00 0.33

5.00 7d 1.00 0.00 0.00 3.33 3.67 0.00 0.00 0.00

5.00 9.00 1.67 0.00 0.00 3.33 0.00 0.00 0.33 1.00
7.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

7.00 3.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7.00 4.00 0.00 0.00 0.00 0.67 1.00 0.00 0.00 0.00

7.00 5a 0.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7.00 5b 1.33 0.00 0.00 1.00 0.00 0.00 0.00 0.33

7.00 5c 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

7.00 7a 0.00 0.00 0.00 0.50 0.00 0.00 0.00 0.00

7.00 7b 0.67 0.00 0.00 1.33 0.00 0.33 0.00 0.00

7.00 7c 0.33 0.00 0.00 7.67 0.00 0.00 0.00 0.00

7.00 7d 0.00 0.00 0.00 7.00 0.00 0.00 0.00 0.00

7.00 9.00 0.67 0.00 0.00 1.00 0.00 0.00 1.33 0.00
9.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9.00 3.00 0.50 0.00 0.00 0.00 0.00 0.50 0.00 0.00
9.00 4.00 0.00 0.00 0.33 4.33 0.00 3.00 0.00 0.00

9.00 5a 26.33 0.00 0.00 0.33 0.00 5.33 0.33 0.33

9.00 5b 16.33 0.00 0.00 4.67 0.00 1.33 0.00 0.67

9.00 5c 1.33 0.00 0.00 3.33 0.00 0.33 0.00 0.33
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9.00 7a 9.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00

9.00 7b 0.33 0.00 0.00 9.33 0.00 2.00 0.00 0.33

9.00 7c 3.33 0.00 0.00 27.67 0.00 0.33 0.00 0.00

9.00 7d 0.33 0.00 0.00 9.33 0.00 0.00 0.00 0.00

9.00 9.00 32.00 0.00 0.00 1.00 0.00 0.00 0.00 0.67

11.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

11.00 3.00 4.00 0.00 1.00 0.00 0.00 1.50 0.00 0.00

11.00 4.00 0.00 0.00 0.00 6.00 0.00 7.33 0.00 2.67

11.00 5a 182.00 0.00 0.00 0.67 2.00 10.33 0.67 1.67

11.00 5b 179.00 0.00 0.00 8.33 0.00 8.00 0.33 3.00

11.00 5c 42.00 0.00 0.00 9.67 0.33 8.00 0.00 0.33

11.00 7a 119.00 0.00 0.00 1.50 0.00 0.00 5.00 5.00

11.00 7b 128.33 0.00 0.00 11.00 348.67 5.00 0.67 1.00

11.00 7c 196.00 0.00 0.00 89.67 139.67 4.67 0.00 0.00

11.00 7d 13.67 0.00 0.00 41.33 475.67 0.00 0.00 0.00

11.00 9.00 87.67 0.67 0.00 5.67 1.67 0.00 1.33 5.00

13.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

13.00 3.00 5.50 0.00 4.00 0.50 0.00 1.00 0.00 0.00

13.00 4.00 0.00 0.00 0.00 10.67 1.67 3.00 0.00 0.00

13.00 5a 771.33 0.00 0.00 0.67 47.67 0.67 0.00 4.33

13.00 5b 679.67 0.00 0.00 2.33 1.33 2.00 0.00 3.33

13.00 5c 133.00 0.00 0.00 8.00 58.33 2.00 0.00 0.67

13.00 7a 105.00 0.00 3.50 6.00 1.50 1.00 5.00 11.50

13.00 7b 371.00 0.33 0.00 9.67 882.67 6.00 0.33 0.33

13.00 7c 489.00 0.00 0.00 67.33 539.67 0.33 0.00 0.67

13.00 7d 35.00 0.00 0.00 70.33 352.00 0.33 0.00 0.00

13.00 9.00 112.00 0.00 0.00 3.33 14.00 0.33 1.00 5.67

15.00 0.00 0.00 0.00 1.00 0.00 0.50 0.00 0.00 0.00

15.00 3.00 5.00 0.00 26.50 2.00 0.00 6.50 0.00 0.00

15.00 4.00 0.00 0.00 0.00 9.67 28.33 2.67 0.00 0.67

15.00 5a 43.67 0.00 0.00 0.33 0.00 0.00 0.00 1.67

15.00 5b 49.33 0.00 0.00 5.00 0.00 2.67 0.33 1.00

15.00 5c 20.33 0.00 0.00 17.67 24.67 0.67 0.00 0.00

15.00 7a 158.50 0.50 4.00 2.00 2.00 2.00 3.50 15.00

15.00 7b 98.33 0.00 0.00 38.33 0.67 9.00 0.00 0.33

15.00 7c 63.67 0.00 0.00 99.00 2.33 2.00 0.00 2.00

15.00 7d 10.00 0.00 0.00 67.67 0.67 1.33 0.00 0.00

15.00 9.00 49.00 0.00 0.00 5.67 0.33 1.00 0.67 2.33

17.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.00

17.00 3.00 0.00 0.00 3.50 0.00 0.00 5.50 0.00 0.00

17.00 4.00 0.00 0.00 0.00 11.67 0.00 1.67 0.00 0.33

17.00 5a 18.67 0.00 0.00 0.33 0.00 0.00 0.00 0.00

17.00 5b 36.67 0.00 0.00 0.67 0.33 2.00 0.33 1.67

17.00 5c 1.67 0.00 0.00 6.00 0.33 0.00 0.00 0.00

17.00 7a 10.00 0.50 0.50 2.50 0.00 1.00 2.50 9.00

17.00 7b 2.67 0.00 0.00 6.67 0.00 3.00 1.33 0.00

17.00 7c 39.33 0.00 0.00 79.00 6.00 3.67 0.00 1.33

17.00 7d 2.00 0.00 0.00 52.00 0.00 0.33 0.00 0.00

17.00 9.00 15.33 0.00 0.00 3.00 0.00 0.00 1.00 1.67

19.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

19.00 3.00 0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.00

19.00 4.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.67
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19.00 5a 4.00 0.00 0.00 0.67 0.00 0.00 0.00 0.67
19.00 5b 4.33 0.00 0.00 1.33 0.00 0.00 0.33 1.00
19.00 5c 0.00 0.00 0.00 2.67 0.67 0.00 0.00 0.00
19.00 7a 0.50 0.00 0.00 0.00 0.50 0.00 0.00 1.00
19.00 7b 0.00 0.00 0.00 0.67 0.00 0.00 0.00 0.00
19.00 7c 1.33 0.00 0.00 6.67 0.33 0.00 0.00 0.00
19.00 7d 0.33 0.00 0.00 5.00 0.00 0.00 0.00 0.00
19.00 9.00 0.00 0.00 0.00 9.67 0.00 0.00 0.00 0.00
21.00 0.00 0.00 0.00 0.50 0.00 0.00 0.50 0.00 0.00
21.00 3.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
21.00 4.00 0.00 0.00 0.00 8.67 0.33 0.67 0.00 0.00
21.00 5a 12.67 0.00 0.00 1.33 0.00 2.67 0.00 0.00
21.00 5b 15.67 0.00 0.00 15.67 0.00 4.00 0.00 2.00
21.00 5c 3.33 0.00 0.00 13.00 0.00 0.00 0.00 0.00
21.00 7a 1.00 0.00 0.00 1.00 0.00 0.50 0.50 2.50
21.00 7b 4.00 0.00 0.00 17.67 0.00 4.00 0.00 0.00
21.00 7c 5.00 0.00 0.00 21.00 0.00 0.33 0.00 0.33
21.00 7d 1.00 0.00 0.00 36.33 0.33 0.67 0.00 0.00
21.00 9.00 2.00 0.00 0.00 0.33 0.00 0.00 0.00 0.00
23.00 0.00 0.00 0.00 0.50 0.00 0.00 0.00 0.00 0.00
23.00 3.00 0.50 0.00 2.50 0.00 0.00 1.50 0.00 0.00
23.00 4.00 0.00 0.00 0.00 0.67 0.33 0.00 0.00 4.00
23.00 5a 42.33 0.00 0.00 0.00 3.67 0.00 0.00 0.67
23.00 5b 28.00 0.00 0.00 0.67 0.33 0.00 2.00 5.00
23.00 5c 1.67 0.00 0.33 1.33 0.33 0.00 0.00 0.00
23.00 7a 3.00 0.50 0.00 0.50 0.50 0.00 5.00 26.00
23.00 7b 21.00 0.00 0.00 14.67 1.67 1.33 3.00 2.33
23.00 7c 11.00 0.00 0.00 11.33 3.33 0.33 0.00 0.33
23.00 7d 7.67 0.00 0.00 33.67 1.67 0.33 0.00 0.00
23.00 9.00 11.67 0.33 0.00 5.33 2.33 0.00 2.33 1.33
25.00 0.00 3.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00
25.00 3.00 9.00 0.00 2.50 0.00 0.50 2.00 0.00 0.00
25.00 4.00 39.67 0.00 0.00 48.00 3.00 0.33 0.00 0.33
25.00 5a 929.67 0.00 0.00 1.00 4.33 2.00 0.33 0.33
25.00 5b 2215.00 2.00 0.00 3.33 909.67 1.00 0.00 9.00
25.00 5c 344.00 0.00 0.00 16.00 450.67 2.00 0.00 0.00
25.00 7a 32.50 0.00 1.50 0.00 0.00 2.50 5.00 14.50
25.00 7b 186.00 0.00 0.00 34.33 6.33 5.00 0.00 1.67
25.00 7c 420.33 0.00 0.00 73.67 3.33 0.00 0.00 0.33
25.00 7d 163.00 0.00 0.00 148.00 2.67 0.33 0.00 0.00
25.00 9.00 40.67 1.00 0.00 2.00 267.67 0.00 1.33 2.33



Veaetation matrix model

er month for different rehabilitation

aaes on the rehabilitated ash dams associated with Hendrina Power

Station (1997-1999)

93

Rehab Cham Erag Hypa Penn
Month age bie cur hir cia

3.00 0 0.00 0.00 0.00 0.00

3.00 3 0.00 0.00 0.00 13.50

3.00 4 2.00 11.67 0.00 58.00

3.00 5a 1.33 27.00 21.00 43.33

3.00 5b 0.67 52.00 16.33 20.67
3.00 5c 2.00 61.33 4.67 3.00

3.00 7a 3.00 37.00 20.00 0.00

3.00 7b 18.33 12.00 14.00 27.67

3.00 7c 4.00 43.33 21.00 0.00

3.00 7d 14.33 37.33 13.00 0.33

3.00 9 30.33 54.33 5.00 3.67

6.00 0 0.00 0.00 0.00 0.00

6.00 3 0.00 2.50 0.00 22.50

6.00 4 0.00 19.67 1.00 72.67
6.00 5a 0.00 31.00 22.00 54.33
6.00 5b 0.00 47.33 13.33 34.33
6.00 5c 0.00 54.67 8.67 5.00
6.00 7a 0.00 47.00 33.00 0.50

6.00 7b 0.00 27.33 16.67 43.33

6.00 7c 0.00 47.33 22.00 0.00

6.00 7d 0.00 64.00 31.67 0.00

6.00 9 0.00 68.67 9.67 9.00
9.00 0 0.00 0.00 0.00 0.00
9.00 3 0.00 4.00 0.00 18.50

9.00 4 0.00 14.00 1.67 67.67
9.00 5a 0.00 26.00 28.67 49.33

9.00 5b 0.00 47.00 12.00 . 31.33
9.00 5c 0.00 57.33 8.33 4.33

9.00 7a 0.00 26.50 39.50 0.00
9.00 7b 0.00 30.67 21.33 30.33
9.00 7c 0.00 32.67 29.33 0.00
9.00 7d 0.00 65.33 6.33 7.33

9.00 9 0.00 0.00 3.67 0.00
12.00 0 0.00 0.00 0.00 0.00
12.00 3 0.00 4.50 0.50 21.00

12.00 4 2.00 16.33 0.67 57.33

12.00 5a 0.00 23.00 24.33 46.00
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12.00 5b 0.00 47.33 11.00 24.33

12.00 5c 0.33 53.00 7.33 4.00

12.00 7a 0.50 29.50 32.50 1.00
12.00 7b 3.00 18.33 17.33 22.67

12.00 7c 10.33 25.00 13.33 0.00
12.00 7d 2.00 44.33 29.33 0.00
12.00 9 4.67 70.00 6.00 5.67

14.00 0 0.00 0.00 0.00 0.00

14.00 3 0.00 7.00 0.50 26.50
14.00 4 3.00 17.67 2.00 56.33
14.00 5a 1.33 15.67 32.67 44.33
14.00 5b 0.67 41.00 16.33 23.00
14.00 5c 0.33 47.33 9.67 2.67
14.00 7a 1.50 32.00 36.50 0.50
14.00 7b 4.67 27.67 18.00 21.00
14.00 7c 12.33 27.67 22.00 0.00
14.00 7d 6.00 35.00 22.67 0.00
14.00 9 16.00 58.33 5.67 8.33
17.00 0 0.00 0.00 0.00 0.00
17.00 3 0.00 8.00 1.00 41.50
17.00 4 4.33 23.33 0.67 65.33
17.00 5a 1.00 25.67 32.67 40.33
17.00 5b 0.67 47.67 23.00 28.67
17.00 5c 1.67 54.33 15.00 4.00
17.00 7a 0.00 33.00 38.50 0.00
17.00 7b 5.00 22.33 25.67 30.33
17.00 7c 7.67 29.33 27.00 0.00
17.00 7d 12.00 31.33 29.67 0.00
17.00 9 19.67 70.00 6.67 7.00
19.00 0 0.00 0.00 0.00 0.00
19.00 3 0.00 33.00 0.50 19.00
19.00 4 0.00 7.33 1.67 70.67
19.00 5a 0.00 15.33 42.33 44.33
19.00 5b 0.00 41.67 30.33 28.67
19.00 5c 0.00 54.67 19.00 6.00
19.00 7a 0.00 33.50 47.00 0.50
19.00 7b 0.00 44.33 29.33 22.33
19.00 7c 0.00 42.00 26.33 0.00
19.00 7d 0.00 57.67 36.33 0.00
19.00 9 0.00 84.67 3.67 9.67
24.00 0 0.00 0.00 0.00 0.00
24.00 3 0.00 17.00 1.50 12.50
24.00 4 12.00 10.67 1.00 53.67
24.00 5a 3.00 11.67 33.33 27.33
24.00 5b 0.67 30.67 18.33 20.33
24.00 5c 3.00 45.00 11.67 3.00
24.00 7a 1.00 21.00 38.00 0.50
24.00 7b 6.33 22.00 21.33 20.33
24.00 7c 29.67 22.67 25.00 0.00
24.00 7d 15.67 36.33 22.33 0.00
24.00 9 30.33 62.33 3.33 4.33
25.00 0 0.00 0.00 0.00 0.00
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25.00 3 2.00 16.50 1.00 10.00

25.00 4 8.00 14.67 3.67 54.00

25.00 5a 2.00 9.67 44.67 25.33

25.00 5b 0.33 30.67 28.33 19.33

25.00 5c 4.33 44.67 16.00 3.33

25.00 7a 1.00 29.50 39.50 0.00

25.00 7b 9.00 27.67 26.33 14.00

25.00 7c 25.00 15.67 31.67 0.00

25.00 7d 23.67 29.67 32.67 0.00

25.00 9 28.00 57.33 7.00 6.00



Mesofauna matrix model

Mean number of individuals per mesofauna species per transect

collected on arids on rehabilitated ash dams associated with Hendrina

Power Station (1997-1999)
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Rehab SPEL COCC TARS SCUT BAKE BRAC VERA SCLE PROT RHOD SOLE
MONTH age 001 001 001 001 001 001 001 REC 001 001 001

5.00 a 0.00 2.00 0.00 0.00 7.50 1.00 1.50 0.00 2.50 1.00 0.00
5.00 3 15.00 30.00 1.00 5.50 9.50 1.50 4.50 2.00 4.50 3.00 1.00
5.00 4 0.67 57.67 2.33 0.33 10.67 5.00 5.67 0.00 3.67 1.33 0.67
5.00 5a 24.00 55.33 7.67 11.00 3.33 6.33 5.00 0.00 4.33 10.67 1.67
5.00 5b 37.33 72.33 8.67 6.33 4.00 6.33 6.00 0.00 5.00 1.67 0.00
5.00 5c 8.67 23.33 3.33 1.00 11.00 3.67 2.67 3.67 7.33 3.00 0.00
5.00 7a 10.00 23.50 1.00 9.50 17.50 1.00 3.50 5.00 4.50 3.00 0.00
5.00 7b 11.67 21.67 4.33 1.00 16.67 0.00 0.33 6.00 2.67 3.33 0.00
5.00 7c 30.00 40.00 2.67 3.67 9.33 0.00 0.00 7.67 3.67 4.00 1.33
5.00 7d 20.67 63.33 0.67 6.67 12.67 2.33 0.00 3.33 2.67 2.67 0.00
5.00 9 24.33 53.33 2.67 7.33 6.00 0.67 0.00 1.33 2.33 2.33 2.33
7.00 a 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00
7.00 3 8.50 14.50 0.00 3.50 4.50 0.00 1.00 0.00 1.00 0.00 0.00
7.00 4 0.00 32.33 0.00 0.00 12.00 0.00 4.67 0.00 0.00 0.67 0.00
7.00 5a 14.00 30.00 3.00 8.33 0.67 0.00 0.67 0.00 1.33 2.67 0.00
7.00 5b 9.33 36.33 3.00 0.33 6.67 0.00 6.33 0.00 0.67 0.00 0.00
7.00 5c 5.33 3.33 1.33 0.00 5.67 0.00 1.00 0.00 0.00 2.33 0.00
7.00 7a 5.00 23.00 0.00 10.00 16.50 0.00 2.00 0.00 3.00 2.50 0.00
7.00 7b 3.67 16.33 6.00 0.00 12.00 0.00 0.00 0.00 0.00 0.00 0.00
7.00 7c 21.00 19.67 1.33 0.33 5.00 0.00 0.33 0.00 0.00 2.00 0.00
7.00 7d 4.00 48.33 6.00 6.00 7.00 0.00 4.67 0.00 0.00 0.00 0.00
7.00 9 9.67 44.00 1.33 11.67 2.00 0.00 0.00 0.00 0.00 0.00 0.00
12.00 a 0.50 5.50 1.50 0.50 3.00 1.00 0.00 0.50 1.50 0.00 0.00
12.00 3 6.50 22.50 6.50 8.50 5.00 4.00 0.50 1.50 10.00 1.00 1.50
12.00 4 10.00 13.00 1.00 0.00 0.00 1.00 0.00 1.00 4.00 0.00 0.67
12.00 5a 5.67 39.67 7.00 7.33 0.33 0.00 0.00 3.33 5.67 1.33 1.00
12.00 5b 13.67 73.33 7.00 7.67 5.00 3.67 0.67 1.00 7.00 0.00 0.00
12.00 5c 8.33 50.33 2.33 5.67 2.33 1.67 1.67 2.33 5.33 1.67 7.33
12.00 7a 10.50 57.50 6.50 13.00 8.50 2.00 2.00 2.00 5.00 0.00 4.00
12.00 7b 11.33 26.00 0.00 4.33 3.33 0.33 1.00 2.33 8.00 0.67 0.00
12.00 7c 16.67 65.00 12.67 9.67 9.00 1.00 5.33 0.67 14.67 5.00 10.00
12.00 7d 14.00 26.00 0.67 3.67 1.33 0.00 0.00 0.67 3.00 0.33 0.00
12.00 9 6.33 4.67 2.33 0.67 2.00 0.33 0.33 1.33 2.67 0.67 41.33
13.00 a 0.00 3.00 4.50 0.00 12.00 0.00 0.00 1.00 0.00 0.00 0.00
13.00 3 5.00 3.50 18.50 3.00 17.00 0.50 1.50 0.50 6.50 0.00 0.00
13.00 4 7.00 38.67 0.00 0.00 1.33 0.33 0.00 1.00 6.00 0.33 0.00
13.00 5a 7.00 48.33 17.00 2.33 2.67 0.00 0.67 1.67 4.00 0.67 39.33
13.00 5b 4.67 106.33 13.33 13.67 9.33 0.00 0.00 3.33 6.33 1.33 0.00
13.00 5c 14.67 108.67 14.33 0.00 11.67 0.67 4.67 1.67 6.00 1.00 0.00
13.00 7a 10.50 34.50 16.50 6.50 39.00 2.00 2.00 2.50 5.00 1.00 0.00
13.00 7b 18.33 10.33 7.67 7.67 7.33 0.00 1.00 6.33 8.00 1.00 0.00
13.00 7c 25.67 44.67 8.00 6.33 6.00 0.00 0.00 2.33 12.33 4.33 2.00
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13.00 7d 21.33 20.67 0.00 0.00 2.67 0.00 0.00 1.00 7.33 1.00 0.00
13.00 9 42.33 12.33 0.00 0.00 2.33 0.00 0.00 3.67 1.00 0.00 2.33
17.00 0 0.00 5.50 0.00 2.00 1.00 0.00 0.00 0.00 0.00 0.00 3.50
17.00 3 3.50 16.50 3.50 7.00 5.00 5.50 2.50 0.50 2.50 2.50 9.00
17.00 4 5.00 55.67 2.00 4.00 11.67 3.00 4.33 0.00 7.00 2.00 7.67
17.00 5a 3.67 28.33 3.67 8.67 4.67 9.33 7.33 0.33 5.67 1.67 2.33
17.00 5b 8.33 30.33 8.67 5.67 3.67 7.00 1.33 1.33 2.33 0.00 5.33
17.00 5c 7.00 8.00 0.00 0.67 3.00 0.00 0.00 2.00 2.67 1.33 26.33
17.00 7a 9.00 28.50 1.50 12.50 5.50 4.00 4.50 1.50 5.50 0.50 0.00
17.00 7b 10.00 35.33 4.67 7.67 7.33 1.33 1.00 2.00 4.67 1.67 5.33
17.00 7c 10.00 39.00 3.00 16.33 3.00 0.33 0.00 2.33 3.00 4.00 6.00
17.00 7d 16.00 77.33 3.33 10.67 6.00 7.33 2.33 2.67 8.33 0.00 3.67
17.00 9 20.33 58.67 2.67 10.67 5.33 3.00 1.33 2.67 5.33 2.33 9.00
24.00 0 0.00 1.00 0.00 0.00 1.00 1.00 0.50 1.00 0.50 0.00 0.00
24.00 3 3.00 17.00 6.00 3.00 3.50 2.00 2.50 0.50 7.00 0.00 0.00
24.00 4 4.33 8.67 0.00 0.00 0.00 0.33 0.00 0.00 2.33 0.00 1.00
24.00 5a 1.67 19.67 3.33 1.33 3.67 0.00 0.00 1.33 2.67 0.00 0.33
24.00 5b 4.33 36.67 8.00 5.00 1.00 0.00 0.00 1.00 2.67 0.00 0.00
24.00 5c 3.00 25.33 5.67 6.33 3.67 1.00 2.00 1.00 2.67 2.33 0.00
24.00 7a 2.00 17.50 8.50 4.00 0.50 1.00 0.50 0.00 4.50 0.00 20.00
24.00 7b 3.33 14.33 3.33 2.00 2.00 0.67 1.67 1.33 1.33 0.00 39.33
24.00 7c 12.00 34.33 8.33 6.33 4.00 1.67 0.67 1.33 5.67 1.33 0.00
24.00 7d 3.00 13.67 1.33 4.33 2.00 0.00 0.67 0.33 2.00 0.33 40.00
24.00 9 3.33 7.33 0.67 3.33 1.67 0.00 0.00 2.67 2.33 0.00 0.00
25.00 0 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
25.00 3 0.50 54.00 20.50 0.00 10.50 0.00 0.00 8.00 7.00 1.00 0.00
25.00 4 5.67 12.33 0.00 0.00 0.00 0.00 0.00 0.67 5.00 0.00 0.00
25.00 5a 4.00 62.33 22.67 0.00 0.00 0.00 0.00 1.00 1.67 0.00 0.00
25.00 5b 4.33 53.00 18.33 13.67 5.00 0.00 0.00 0.67 4.00 0.67 0.00
25.00 5c 17.33 15.67 24.33 0.00 2.33 0.67 0.00 1.00 3.67 3.33 0.00
25.00 7a 1.50 36.00 3.50 12.00 33.50 1.50 2.00 5.50 5.50 0.00 0.00
25.00 7b 15.00 0.00 0.00 3.67 1.00 0.00 0.67 3.00 3.67 0.00 0.00
25.00 7c 20.33 90.67 21.00 3.67 22.00 0.00 0.00 4.33 10.67 2.67 6.67
25.00 7d 15.33 12.00 0.67 2.00 4.00 2.00 0.00 0.67 1.33 1.33 0.00
25.00 9 12.33 10.33 4.67 9.33 3.00 0.00 0.00 4.67 4.00 0.67 0.00




