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impact at the least cost (cost-benefit) and where WfW can work on its existing 

partnersllips. 

D "'.~"" ·'" o , ... " '~," , "_ ... ,~ ,, _ 
_ ' .... ' ..... , '~",,' "" ~H ".~ •• 
, ..• .;. "'~,, . .;:~ ..... ~ ,", .. " ...... ,"","",., 

• _ 11 
11 _J> 
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- ~, ,,. -'" "" - "', ", -'" "" _ "" » 11 
_ 20 11 " " -,,., '"' '' 

10J C' 10C' 2C-J 30J Kilometers --
Figure 1.1 RSA provinces, DWAF Water Man<lgement Areas. 

major water storage schemes (darns) major rivers & poputation density (per 2001 
census district) of South Africa 

1.2 Motivation & justification 

Although major advances Ilave been made in tile science of invasion ecology. mUcil 

less progress is being made in improving our ability to manage inv<lsions_ WfW 

SllOUld be informed by advances in invasion ecology in order to maximise efficiency 

in terms of prediction and priority_ What is needed is a concerted effort from 

practitioners in all speciati ties, to "connect the dots" in their research endeavours, 

and to link the disciplinary boxes in science and management. if the global threat of 

invasive plants is to be effectivety cOllntered (Hlilme, 2003 Richardson et .11. 2004, 

Richardson. 2004)_ 

tn 1997 <In external evaluation of the WfW programme commissioned by the 

European Union found that the separation of leadership and management was a 

source of concern because of the manner in Wllich it influenced prioritisation of 
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manner to produce a meaningful solution. Decision making itself is broadly defined to 

include any choice or selection of alternative course of action, and is therefore of 

importance in many fields in both the social and natural sCiences including 

geographical Information sciences. The types of decision problems that interest 

geographers and spatial planners typically involve a large set of feasible alternatives 

and multiple, conflicting and incommensurate evaluation criteria Accordingly, many 

real-world spatial planning and management problems give rise to geographic 

information system (GIS) - based multicriteria decision making (MCDM) GIS based 

(or spatial) multicriteria decision analysis can be defined as a collection of 

techniques for analyzing geographic events where the results of the analysis 

(decisions) depend on the spatial arrangement of the events, Spatial multicriteria 

analysis is a part of broadly defined spatial analysis (Malczewski, 1999), 

The research question is: How well does a systematic prioritisation (A) correlate 

with the WfW prioritisation (8) 

Correlation will be measured '>'lith the correlation coefficient, r, where r lies 

between -1 and -+-1 r;:. 0 indicates a positive linear relationship. r <; 0 a negative 

linear relationship and r" 0 Indicates no linear relationship between A and B (Ott. 

1988) The significance of a correlation coefficfent is as follows (Fowler et ai"~ 1998)' 

• Value: 0 000 19 (very weak) 

• Value: 0.20-0 39 (weak) 

• Vaue: 0,40-0,69 (modest) 

• Value 0.70-0.89 (strong) 

• Value: 0,90-1,00 (very strong) 

A GIS-based analysis requires both spatial and attribute data fhe spatial resolution 

is perhaps the primary concern Data were available at differing spatial resolutions 

and would have to be brought to a common analytical scale in both spatial and 

attribute terms The unit chosen as a basis for comparison/prioritization is the 

quaternary catchment, in line with the WfW planning guidelines (WfW, 2001 b) All 

data were re-scaled to this unit. The 1,825 quatemary catchments that have their 

centres in the boundaries of South Africa (Figure 1.2) total 1 218,259 km2 have a 

mean area of 668 km?, range from 47 km' to 18,107 km' 
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------- ---- --- - --- - - -- -----

Figure 1.2 The 1.825 quaternary catchments that have their 
centres in the boundaries of South Africa (after Midgley et JI. 1994) 

1200 

1000 --- - -- - - - - - - ---

Area of quatenary catchments (km') 

Figure 1.3 Frequency histogram for area (km2
) of the 1.825 quaternary catchments 

that have their centres in the boundaries of South Africa. 
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Figure 2.1 Percentage of invasive alien plant cover (COlldellsed hectares) per 
tertiary catchment (graduated colour classified by 5 equal areas) of South Africa 

(Versfeld et al. 1998) 

Gibsoll & Low (2003) and Ractliffe el ai. (2G03) used compulsory water-use licellsing 

areas as an illdicator of hydrological il11portance (Figure 22)_ These are areas 

which are, or are soon likely to be. under '"water stress' (for example where the 

demands for water are approaching or exceed the available supply, where water 

quality problel11S are immillent or already exist or where the water resource quality is 

under threat) or where It is necessary to review prevailing water use to achieve 

equity of access to water (RSA, 1998) However. this hydrological indicator is seen 

as insufficient as certain factors. for example groundwater abstraction has not been 

taken into account in certain areas. Also, since Ractliffe 01 al. (2003) did their study 

using threatened vegetation types (I_ow & Rebelo, 1996) as a surrogate for 

conservation importance, a new dataset (Rouget 01 8/" 2004b) has become 

available. Gibson & Low (2003) used a gap prioritization approach_ In gap 

prioritizatioll l11odels, areas of the country are prioritized in an iterative fashion - at 

each iteration, a single criterion is chosen to act as a 'filter" restricting further 

analyses of the remaining criteria only to the priority areas identified for that single 

criterion However this hierarchical iterative approach is extremely depelldant on the 
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type of criterion (or filter) applied at each iteration and will be conceptually flawed if 

filters are applied at incorrect levels of iteration These types of analyses also 

prevent investigation of possible cumulalive effects In parts of the country where 

different criteria interact. 

L 

CI WfW region. 
D RSA pro vine<, 
C"'npl~'UIY ',",,<r-lI .. I;';' ''';''1 >w· .. , 
. ,1 

Figure 2.2 Compulsory water-use licensing areas (Raclliffe at al., 2003) 

Nel el ai, 2004a (Figure 23) used species distribution and abundance data from 

Southern African Plant Invaders Atlas (SAPIA) to identify 117 major plant invaders 

that were recorded as either widespread, or localised but abundant But impact of 

invasive alien species is defined as the product of a species' range, abundance and 

per capita effect (Parker e/ al.. 1999)_ 
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Figure 2.3 Distribution of major invasive alien species per quarter degree square 
(graduated colour classified by 5 natLiral breaks) (Nel et a/ .. 2004a) 

Rouget et a/., 2004a (Figure 2.4) quantified alien plant invasion potential based on 

an assessment of the climatic correlates of distribution of 71 major invasive alien 

plants This product was also used by Driver et a/. (2005) to rank priority areas 

according to combined lovel of futuro prosslires on biodiversity_ However, not all 

alien plant invadors can be considered as having the same impact, so the impact of 

plant invasions might not be directly rolated to the number of potential plant invaders 
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Figure 2.4 Alien plant invasion potential based on climatic 
suitability of 71 major invasive alien plants (Rouget fjt 211..200421) 

Le Maitre et 21/. (in prep) (see Figure 2.5) assessed the potential impacts of a suite of 

71 major and 28 emerging plant invaders on biodiversity, water resources and the 

productivity of natural rangelands in South Africa, Lesotho and Swaziland The 

scores for these impacts were based on a survey of the literature and included the 

follOWing factors' per capita impact estimated for attributes such as size and growth 

form as an index of potential transpiration. ability to transform natural communities 

and toxicity to livestock, multiplied by their natural ability to form dense stands to give 

a per population impact. The population scores were multiplied with estimates of the 

extent of their climatically suitable range to give a total Impact score The 

geographic distribution of the impacts in the region was also assessed using data 

sets from previous studies which predicted the distribution of the climatically suitable 

areas for each species. However the findings of this study are subject to substantial 

uncertainties. The per capita impact scoring system that was developed is pragmatic 

but is based on logical deduction rather than rigorous analysis Many of the scores 

are based on personat observation and experience (by the authors and other 
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experts) rather than documented studies, as data on these impacts, whether per 

capita or per population, are lacking. The predictions of the climatically suitable 

areas for the different species are also subject to substantial uncertainties. 

Water impacts 

Value 
11 0-2 - ~ 
_ 2.1-4 

_ 41-6 

_ 6.1-8 

_ 8.1-10 

-~ 

, 
1:8 OClD 000 A 

Figure 2.5 Geographic distribution of the relative Impacts of 71 majOr invader plant 
species on water resources (Le Maitre. in prep.) 

Van Wilgen et al. (in press) calculated, for each quaternary catchment. a simple 

composite index that combined estimates of (1) the number of invasive alien plant 

species (out of a selection of 13) prosent: (2) the potential number or alion plant 

spocles that would be present if they occupied the full range as determined by 

climatic envelope modols: (3) tho dogroe of habitat loss in rivers: and (4) tho dogroe 

of water stress. The approach was. however, aimed at placing a higher priority on 

nver systoms Tho combinod priority map was not availabte for comparison at timo of 

writing. 

tn summary, all of the above studies had limitations and ignored the possible offocts 

of disturbanco, torrestrial biodiversity value and primary productivity value. My 

contribution to this topic will be to investigato the affects of those and campara my 

results with the actual prioritisation in place in WfW 
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Figure 2.6 Decision flowchart for spatial multi-criteria analysis (after Malc7.0wski, 

1999) 

A decision is a choice botwoon altornatives. Tho altornatives may represent different 

courses of action, differont hypothoses, differenlland aliocations and so on Rational 

human bohaviour involvos the ovaluation of elloiee alternatives based on some 

crit~ria (Eastman et ,1/" 1993) Any decision-making process begins with the 

recognition and defini tion of the decisKm problem. Broadly defined. the decision 

problom IS a perceivod difforence between the desired and existing states of a 

system It is a "gap" between the desired and existing states as viowod by a 

decision maker (MaIC7.ewski, 1999) 

Onco tho docision problom is idontified, the spatial multicriteria analysis focuses on 

the set of evaluation criteria (objectives and attributos), To be morc spocific, this 

step involves specifying (1) a comprehensive set of objectives that reflects all 

concerns relevant to the decision problem. and (2) moasuros for achioving those 

objoctivos. Such moasuros are called attributes A measurable scale mu st be 

established for each attribute (Malczewski 1999). 
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rating system and in relation to costs and resources that will consider threats posed 

to biodiversity, as well as social, economic, and environmental costs and benefits 

derived from using and removing identified organisms (RSA 1997a). 

Although the preservahon of the nation's biodiversity is well recognized by the WNIJ 

Programme as being one of the major justifications for clearing of invasive alien 

plants it has generally been assumed that if clearing meets the programme's 

hydrological objectives it will also meet the biodiversity conservation objectives 

However. it has been shown that the interaction between invasive alien plants and 

biodiversity is extremely complex and that this assumption might well not be valid in 

all cases (Macdonald, 2004). 

Biodiversity planners consider invasive alien plant invasion a form of habi tat 

degradation The 1996 National Land Cover database (~'airbanks et aI., 2000) 

classified 6% of th e country as "degraded" but the mapping of this is not considered 

consistent across the country (Rouget et al., 2004b). 

~~~~----------' 
Figure 2.8 The 9 broad priority areas for conservation action (Driver 81 aI., 2005). 
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The South African government's policy regarding invasive alien plants and water 

utilization and conservation, is to make water available to new users without 

harming the interests of existing users by removing water-hungry invasive plants and 

trees (RSA. 1997b) 

Southern Africa is, generally. a semi-arid region. Overall, average runoff only 

constitutes 9% of the total rainfall, with 91 % of all precipitabon evaporating again, 

This compares poorly with the world average runoff ratio to rainfall of 35% (Schulze 

at ai" 1997). The country has no natural lakes and few aquifers, so most of the 

water used comes from rivers. In the drier parts of the country where rivers are 

seasonal or ephemeral ground water is used Surface water resources Include 

rivers. estuaries and wetlands In South Africa, about 40% of rivers are seasonal. 

Although the rivers in the eastern part of the country are relatively short, together 

they contribute more than half of South Africa's runoff South Africa's mountain 

catchments represent only 8% of the land - but generate 49% of the runoff. With 

surface water being so unevenly distributed, both in time and space, it is not 

surprising to discover that water is not always naturally available where people need 

it most Most of the rivers in South Africa have been Impounded, with dams or weirs 

built to store water, Inter-basin transfer schemes, like the Tugela-Vaal Scheme and 

the Lesotho Highlands Water Project, pipe water between catchments to supply 

large urban populations. agriculture and industry 

Integrated catchment management has brought an ecological perspect'lve to bear on 

the management of fresh water resources, The National Water Act (RSA, 1998), 

views fresh water as part of an ecosystem, not simply a resource independent of its 

environment to be exploited by the most efficient means possible. The taw requires 

provision of what is known as the ecological reserve - sufficient stream flow to 

support aquatic plants and animals and ensure continuity of ecotogical processes In 

the more arid parts of South Africa where most rivers are ephemeral and flow only 

after rain, many people rely on underground water from aquifers to supply their 

domestic and agricultural needs Groundwater accounts for 15% of water used in 

South Africa, and supplies about 280 towns and villages, Almost 80% of the ground 

water supply is used for irrigation (Hoffman & Ashwell. 2001) Water is a key limiting 

resource in South Africa, in terms of economic gro\lYlh and meeting basic human 
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needs. The conservation of water catcl1ments in a good ecological state (i.e. with 

natural vegetation) is crucial to water quality and quantity (Rouget et al .• 2004b) 

Total natural water runoff in a catchment (see Figure 2.9), or the amount of water 

entering stream flow, is determined primarily by the amount of precipitation (see 

Figure 2.10) and the degree to which this precipitation is intercepted by plant 

biomass and thereby lost to evapo,transpiration Runoff thus varies in response to 

seasonal and inter,annual variation in rainfall. the latter taking place within 

approximately 9-year cycles of wet and dry years Seasonal variation is pronounced 

throughout most of the country, with the rainy season coinciding with the summer 

growing season for most of the country. with the exception of the winter-rainfall area 

which encompassos most of the fynbos biome. Total annual runoff can be divided 

into two main components: low flows and high flows Both compononts are vital to 

thc ocological functioning of rivers. the maintenance low flows securing tho habitat of 

aquatic organisms. and the high flows (floods) providing a scouring function which 

maintains the physical charactoristics of thc rivor systom Runoff may be captured in 

dams ranging from large-scalo reservoirs to small farm dams, or may be abstracted 

directly from rivers (using pumps and weirs) or from groundwater (with boreholes 

and windmills) All of these methods of water supply aro usod for agriculturo. 

Industrial needs are met almost cntiroly from largo-scalc roservoirs. and domestic 

supplics arc mostly from large schemes and boreholes (Marais et ai. 2001). 
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Figure 2.9 Mean annual runoff per quaternary catchment 
(graduated colour classified by 5 natural breaks) (Midgley et ai"~ 1994) 
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Figure 2.10 Mean annual precipitation per quaternary catchment 
(graduated colour classified by 5 natural breaks) (Midgley F.t aI., 1994) 
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Seasonal and inter-annual variability of rainfall has an important effect on the water 

supply of a catcllmen\. In large schemes, reservoir levels are filled mostly by high 

flows during the rainy season, and replenishment during high rainfall years may 

provide water for several years into a dry cycle. Large water supply schemes are 

constructed taking this variability into account, such that a dam is expected to meet 

water demands for 7 out of 10 years, on average A decrease in average runoff 

would thus lead to increased number of years in which water shortages occur, a 

situation which can only be prevented by increasing the capacity or number of dams 

in the catchment (and only up to a point) Note that the decreased capacity of large 

dams to supply water needs may also arise from sedimentation due to excessive 

erOSion In tile catchment, or from increased water demands, as well as from 

decreased stream flow. Small dams, often constructed on non-perennial streams. 

are also usually filled by high flows during the wet season, Because of their small 

capacity, these dams do not benefit from further high flows, which run over the top 

Thus small dams rely on sufficient flows to replenish them each year Direct 

abstraction from rivers may only occur when rivers are flowing. Farmers using this 

means of supply are thus most vulnerable to changes In low flows, as they rely on 

water abstraction mainly during the dry season Borehole water supplies are only 

affected by extended droughts over periods of years (Marais at al., 2001). 

Le Maitre et al. (2000) calculated the incremental water use (i,e, the additional water 

lise compared with the natural vegetation) using the following equation Water use 

(mm) = 0,0238 x biomass (glmC) which was derived from catchment studies. The 

total incremental water use of invading alien plants is estimated at 3.300 million m] of 

water per year. About a third of the estimated total water use, by volume, is 

accounted for by alien invaders in the Western Cape, followed by KwaZulu-Natal 

(17%), the "astern Cape (17%) and Mpumalanga (14%). The greatest reduction, as 

a percentage of mean annual runoff, was found in the arid Northern Cape (17%), 

followed by the Western Cape (15%) and Gauteng (10%) (Le Maitre et ai, 2000), 

However, the National Water Resources Strategy gives the estimate at 1,400 mO 

(G6rgens & Van Wilgen 2004). 
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The South African government's policy on invasive alien plants and agriculture is to 

provide assistance and law erlforcement for the appropriate management of the 

natural agricultural resources (RSA 1995). 

Hoffman & Ashwell (2001) conducted an assessment of the contribution to veld 

degradation by invasive alien plants using mapping by workshop participants at 

magisterial district scale (Figure 2.11) Rural poverty. historical land distribution 

policies and irlappropriate land use practices have resulted irl veld degradation being 

the most severe irl commurlal areas. The most widespread veld degradation problem 

in South Africa is change irl the composition of plant species Irl marlY commUrlal 

areas loss of plant cover is a problem. Bush encroachment arid alierl plarlts are 

generally more of a problem irl commercial farming areas, Although the commurlal 

areas are irl greatest need of government support to combat land degradation, it is 

the commercial farming areas that currerltly contribute most to South Africa's food 

security But the expert knowledge nature of this data was considered too subjective 

for this study 

-------_ .. _._ .. _----
r- I WfV~ '"!lion. 
LJ RsA 1"-0"" :<' 
Ptlorily".,k l ,g -, -, -, o 

Figure 2.11 The 213 of the total of 367 magisterial districts in South Africa where 
the contribution to veld degradatiorl by invasive alien plants 

is considered a priority (Hoffman & Ashwell, 2001). 
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3.1.10 Systematic prioritisation composite 

The decision rule for this study using the analytic hierarchy process method is 

shown in figure 3.1. The weighting of the complementary (multiple) objectives of 

species and areas was made to place two-thirds of the emphasis on the area criteria 

based as the majority of the literature supports an area-lead approach. A separate 

field was created in the quaternary shapefile for each of the eight attributes (Figure 

3.2). Then each record of an attribute was "standardised" by expressing it on a scale 

of 0-1 by dividing its value by the highest value in that field, to allow for comparison 

of values that have different units, value and ranges. Finally, guided by the WfW 

policy that equal weighting had to be given to ecological. hydrological and 

agricultural impacts of invasive alien plants in the prioritization of work (owing to the 

uncertainty of relative magnitude of each attribute), each attribute was weighted 

equally by multiplying it by the factor 0.125 (1/8) and combined inl0 a composile 

index 0NfW, 2004b). 

Goal: 

Objectives: 

maps: 

""P" 

Composite 
map: 

if , ; r 

Figure 3.1 The decision rule for this study using the analytic hierarchy process 
method 
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Figure 3.2 The 8 criteria thOit were weighted and combined 10 make up the systematic 
priontisOitlon composite (individual composites shO'Nfl in chapter 4) 
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3.2 wtw prioritisation (8) 

Wf\II! operational project expenditure is defined as the annual expenditure on wages 

herbicide, transport, personal protechve equipment and equipment & consumables 

costs that are directly attributed to a WfW project as opposed to the annual 

management expenditure which includes management salaries & transport, training 

& social development, biological control and mapping costs and cannot be directly 

attributed to a WfW project. WfW operational project expenditure accounts for about 

70% of WfW total expenditure (Marais et al. 2004) An annual operational project 

expenditure amount in 2006 Rands was extracted from tile 4t11 quarter 200516 

Expanded Public Works Programme (EPWP) Monitoring an Evaluation spreadsheet 

(DPW, 2006) per WfW project. 

The boundaries of each WfW project were extracted from the Working for Water 

Information Management System (WIMS) and merged to create a national coverage 

of all WfW projects. The attribute table of the coverage of all WfW projects was then 

populated with the annual operational project expenditure amount in 2006 Rands 

Where a WfW project did not follow quatemary catchment boundaries the 

quaternary catcllments that "intersect' these WfW projects were selected and added 

to the coverage of all WfIN projects. 

A limitation of this data is that where a WfW project included more than one 

quaternary catchment it was assumed that the expenditure was evenly distributed 

among all quaternary catchments included Also using operational project 

expenditure as an indicator of "invested resources" is that it does not account for 

differences in species and workload. More persondays per unit area (and therefore 

greater expenditure) are required for higher densities and larger size classes 

Another limitation is the assumption ttlat the 2006 operation project expenditure 

equates with priority when expenditure for some projects initiated at the inception of 

the programme in 1995 has decreased owing to tile less expensive nature of follow­

up clearing versus initial clearing and regional re-prioritisation 
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3.3 Systematic vs. WfW prioritisations (A vs. 8) 

The systematic prioritisation was compar~d to Ih~ WfW prioritisation uSing a 

correlation matrix (Parsons & Knight, 1995) generated by the Microsoft's Excel 

"Analysis ToolPak" statistical data analysis "Add In" tool 

The data was then considered at a WfW regional scal~ to allow for a comparison 

relative to the data for each WfW mgioll. This was dOIl~ by extracting the data per 

WfW regioll alld mcalculatillg the overall priority scores. This meallt that each record 

of an attribute had 10 b~ ·stalldardised" by re-expressing it 011 a scale of 0-1 by 

dividing its value by the Ilew highest value in that field A comparison of each region 

was thell coi1ducted usillg a correlation matrix perWfW region. 
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4. RESULTS & DISCUSSION 

4.1 Systematic prioritisation (A) 

4.1.1 Choice of species 

The proportion of the 56 species selected for this study thai occur on other national 

invasive alien plant lists is shown in figure 4 1 The data for this figure is preserlied in 

APPENDIX 2. The relatively close correspondence between the species selected for 

this study OJlld lists compiled using other data sources and criteria, demonstrates that 

there is general agreement on which are the most important species 

, 

We" e<, ' Rd",,,I,,,,, ",.1 \I .. ',f>, d 01 01 Roc",",,,, at al H~n"'. to! ,,' 
il_b: 1',91:, ,1%m :::X.11 :2~31 

NeI . t 01 
(2004.) 

Figure 4.1 Proportion of 56 species selected that occur 
on other Ilational ilw8sive alien plant lists (arranged in chronological order) 
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4.1.2 Range of terrestrial, transformer species 

The number of terrestrial, transformer species per quaternary catchment is shown in 

f igure 4.2 There was a mean of 10 species oer quaternary catchment 

8 wrw ""on. 
R".I"0'""''' 

Iio , 'i' ''' ;« 
o . , 
, _ 10 

_ "." . ' i -lO . ".J' 

Figure 4.2 Range of terrestrial transformer species per quaternary catchment 
(graduated colour classified by 5 natural breaks) 
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Figure 4.3 Frequency histogram for the number of terrestrial, transformer species 
per quaternary catchment. 
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4.1.3 Abundance of terrestrial, transformer species 

The number of terrestrial, transformer species per quaternary catchment is shown in 

figure 4.4 There was a mean of 3 species per quaternary catchment 

C IN .... " " "' .. 
r--] RSAo,,,,;"';,, 
No_ ..,., ... ,., , . . . , 

, " _ "_,, 

""rIll.,." Cap. 

Wo" .. n Capo 

- - _ ._----

Figure 4.4 Abundance of torrostrial, transformer specios per quaternary catchm~nt 
(graduated colour classified by 5 natural breaks). 
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" • • -! c • • -'-' , 

~ • " 
, • " ~ 

, 
~ 0 ,~ .' " ~ .' ,,0 
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Figure 4.5 Frequency histogram for numbor of abundant torrestrial, transformer 
spocios por quatornary catchment 
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4.1.4 Effects of terrestrial, transformer species 

The number of terrestrial, transformer species with 3 effects per quaternary 

catchment is shown in figure 4.6. There was a mean of 5 species per quaternary 

catchment 

o WfW '"(Ii"''' 
D RSA (>fo,;",." 
No. >p".; ; • • . , 

H 

- ~ . ~ 
_ T . ~ 

·~ j O . j 3 

Northern Cape 

Figure 4.6 Effects of terrestrial transformer species per quaternary catchment 
(graduated colour classified by 5 natural breaks). 

Three 
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Figure 4.7 Percentage of terrestrial, transformer species per number of effects 
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4.1.5 Disturbance 

The percentage of untransformed land cover per quaternary catchment is shown in 

figure 4,8, There was a mean of 79,7% unlransformed land cover per quaternary 

catchment 

o WfW r<!~ oo. o RSA p,(1¥WO<.' 
~, ("~, .. )>I""noe<l 

U ·~1,1 

_ 41, t ·~) 
_ GJ.7~ ,2 

_ 11,2.01,1 
_ 91.7-100 

'---------'--- - - --- ---

Figure 4.8 Percentage of untransformed land cover per quaternary catchment 
(graduated colour classif ied by 5 natural breaks)_ 
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Figure 4.9 Frequency histogram for the percentage of untransformed land cover per 
quaternary catchment 
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4.1.6 Terrestrial biodiversity value 

The porcentage of critically endangered alCd endangered terrestrial ecosystems per 

quaternary catchment is shown in figure 4.10. There was a mean of 20% critically 

endangered and endangered terrestrial ocosystoms for the 830 quaternary 

catchments included 

"" ," .... ,~ " ,.""", .. , . ,,,, 1,;.< ~~,,,~, 
<. 

i ",. •• ., ." 
w ·" 

""''',.,,' c." . 

Figure 4.10 Percelltage critically endangered and olldallgercd torrostrial 
ecosystems por quaternary catchmellt (graduated colour classified by 5 natural 

breaks) 
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Figure 4.11 Frequency histogram for the percelltage critically endangerod and 
endangored terrestrial ecosystems per quaternary catchment. 
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4.1.7 River biodiversity value 

The percentage of critically endangered and endangered river ecosystems per 

quaternary catchment is shown in figure 4 12 There was a mean of 92% critically 

endangered and endangered river ecosystems for the 1 A01 quaternary catchments 

included. 

Figure 4.12 Percentage critically endangered and endangered river ecosystems 
per quaternary catchment (graduated colour classified by 5 natural breaks) 
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Figure 4.13 Frequency histogram for the percentage critically endangered and 
endangered river ecosystems per quaternary catchment 
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4.1.8 Water resource value 

The water yield balance per quaternary catchment is shown In Figure 4_14. There 

was a mean of 15 million cubic metres/annum per quaternary catchment. 

l:J ~"" ..... " D "" ",,.,,,, 
h. ',1_ ' '~'M' , . ... . ,,"' , • • ~" ,H ~" . , 

, ,, -p, 

'" -"" . "-, .. •. -" . -<-. · -,,-. . " --" 
• " _41 
. ," - ~. · , ,. 

Figure 4.14 Water yield balance per quaternary catchment (graduated colour 
classified by 10 natural breaks owing to small differences in breaks), 

wc r-______________________ ~--__, 

5(l0 
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o 
o 
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\L 200 

Water yield ba lance 

Figure 4.15 Frequency histogram for the water yield balance per quaternary 
catchment 
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4.1.9 Natural agricultural resource value 

The primary production per quaternary catchment is shown in figure 4.16 There was 

a mean of 5.8 tons/hectare/growing season per quaternary catchment 

D "'" "._ ., 
D · " w· .. ·~ 
-,~ ... , .... , ,""'" '~" '" ,- .. _., ,-.. 

" ... . . , V' •.. " '" . ,." ~" . ", " 

Figure 4.16 Primary production per quaternary catchment 
(graduated colour classified by 5 natural breaks). 
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Figure 4.17 Frequency histogram for primary production per quatemary catchment 
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4.1.10 Systematic prioritisation composite 

The systematic prioritisation composi te overall priority scores per quaternary 

catchment is shown in figure 418. There was a mean overall priority score of 0 3851 

per quaternary catchment. The relatively close correspondence between the areas 

identified as priorities in the systematic prioritisation and the Nel et al. (2004a), 

Rouget et a/. (2004a) and Le Maitre ct al. (in prep) studies (Figures 23, 2.4 and 

2.5) demonstrates tllat there is general agreement on which are the most important 

areas (i.e. along the southern and eastern coasts of South Africa, along the eastern 

escarpment of KwaZulu-Natal and Mpumalanga, and around the eastern Free State 

alld Gauteng provinces) 

o wrw , . giroo 
I l RSA. ?fO'lli"''' 
Ove r<\ll P'''''~ ~ . COf< 

0.131·0.'" 
_ 0.255· ".35" 
_ 0.'''·0.4' 
_ 0.45 ·~.5M 
_ O.}!;I-O.7S 

Figure 4.18 Systematic prioritisation composite showing overall priority scores per 
quaternary catchment (graduated colour classified by 5 natural breaks) 
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Figure 4.19 Frequency histogram for the overall priority scores per qllaternary 
catchment 

72 



Univ
ers

ity
 of

  C
ap

e T
ow

n

4.2 WfW prioritisation (8) 

The WMI prioritisation per quaternary catchment is shown in f igure 4 20 There was 

a meal1 of R529.565 for the 502 quaternary catchments included. 

o ~'" "~.,, 
D ' " " "~,., 
W<~ ",,,t_~ " ~ ,,,",, __ •. ,,,,< • ..".,,, 

Figure 4.20 WMI prioritisatiol1 (8) (graduated colour classified by 5 natural breaks) 
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Figure 4.21 Frequency histogram for the WMI prioritisation per quaternary 
catchment 
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4.3 Systematic vs. WfW prioritisations (A vs. B) 

The correlation matrix showing the relationships between all pairs of criteria within 

Sou1h Africa is shown in table 4.1. Since the study dealt with population and not 

sample data, all correlations will be statistically significant 

The systematic prioritisation (A) is weakly, yet positively correlated (0 274) with the 

WfW prioritisation (B). A likely cause for the weakness of this correlation could be the 

fact that WfIN projects have historically been initiated at locations where 

management capacity was available (Breen. 1997), opportunistically (WfW, 1998) 

and for poli tical expediency and logistical convenience (Ractliffe el aI., 2003) The 

management capacity theory is perhaps supported by the fact that 15% of the total 

operational project expenditure is allocated to national (SAN Parks) and provincial 

protected area authorities (CapeNature and KZN Wildlife) when protected areas 

should mostly be free of invasive alien plants Also, the WfIN prioritisation could have 

been driven by socia-economically aspects which were beyond the scope of this 

study 

It appears that despite the equal weightings given to each criterion before 

combination a large proportion of the systematic prioritisation can be ascribed to the 

· range" (0.796), "abundance' (0.752) and 'effect" (0 777) criteria The explanation for 

this could be the fact that each of these criteria is strongly correlated with each other 

(0.883. 0.936 & 0825) and this can possibly be considered a form of "triple 

counting" Factor or interaction effects are said to be confounded when the effect of 

one factor is combined with that of another. In other words. the effects of multiple 

factors on a response cannot be separated (Ott 1988) 
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Table 4.1 Correlation matrix showing the relationships between all pairs of criteria 
within South Africa. 

The "disturbance" criterion has a very weak negative correlation (-0.143) with all 

other criteria. With respect to its negative correlation with the "range' (-0452). 

"abundance" (-0.414) and "effecr (-0.440) criteria, this is in agreement with Nel at OIl 

(2004a) who found that most major invasive alien species are confined to areas with 

a high proportion of transformed land, high rainfall and a high population density_ 

This is also in agreement with Le Maitre at ai, (2004) who found that alien plant 

species richness patterns in South Africa are largely the result of introduction 

patterns, alien species are concentrated in regions where humans have formed hubs 

of settlement over the past three centuries. Another possible explanation is the 

colicction bias in the SAPIA data towards areas easily accessible by road or around 

areas where active SAPIA contnbutors live and work (Nel el 011,200401) tts negative 

correlation with the "terrestrial" and ;;river" biodiversity criteria can be explained by 

the strong correlation between indigenous species richness and human density in 

South Africa found by Richardson P.t .11. (2005) And its modest negative correlation 

with agriculture can be explained by the fact that cultivated land and forest 

plantations are responsible for 15% of transformation in South Africa (Fairbanks at 

al.,2000) 

The very weak correlation of the "river" criterion with the "range" (,0_029) and 

;;abundance" (-0,032) criteria might indicate that the terrestrial, transformer species 

selected are not associated with the loss of river biodiverslty_ River ecosystems are 

nonetheless very important. and several studies have found riparian zones to be 

more invaded by allen species than other plant communities and rivers may function 
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as dispersal corridors for the rapid spread of invasive alien plants across landscapes 

(van Wilgen et 8/., in press) 

A summary of overall correlations of systematic prioritisation criteria with WfW 

prioritisation for each WfW region is shown in table 4.2. Correlation matrices 

showing the relationships between all pairs of criteria within each WfW region are 

given in APPENDIX 3 

Table 4.2 Overall correlations of systematic prioritisation criteria with WfW 
prioritisation for earn WfW region and the nllmber of qllaternary catchments in each 
WfW region 

Some WfW regions are better at assessing priority than others as reflected in the 

strong correlation scores of the North-West (0 670) region This could be due to the 

surplus of expenditure received relative to the priorily in that region and to tile 

relatively small number of quaternary calchments in that region (58). The WfW 

regions of Free Siale, Gauteng and KwaZulu-Natal are the worst in assessing 

priority as demonstraled by Ihe very weak correlation scores 

4.4 Use & limitations of this systematic prioritisation 

Spatial analyses can take place al different spatial scales. from Ihe global scale 10 

the local scale. A national analysis is intended to be broad, and will not yield 

information about. for example how to manage an individual parcel of land or a 

specific river or catchment. A national analysis does provide a national context for 

analyses at the sub-national scale, and points 10 broad priority areas where further 

investigalion, planning and action are warranted (Driver ct aI., 2005). 

Prioritisation is a subjective exercise and although the fundamental approach to 

prioritization may be guided by rational, factual information priorities are also 

influenced by factors beyond the decision maker's control such as: political. funding. 

finanCial. technical and logistical (Versfeld et a/.. 1998). In this study. priority setting 

is considered from the viewpoint of ecosystem and species values It is however 
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recognized that political and public support and the availability of external support 

may drive an invasive alien species specific project that might not be a priority from 

this more rigorous viewpoint (Wittenberg & Cock, 2001). The study is scale sensitive 

and its resolution depends on the scales of the available datasets. However, at the 

broad scale at which this analysis is intended to inform management and planning, it 

is believed that none of these limitations will have a substantial effect on the overall 

accuracy or usefulness of the results. 

The GIS shapefile created for this systematic prioritisation can be used as a decision 

support system by re-assigning weights in the summed field and even re-evaluating 

the criteria used. 
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5. CONCLUSIONS 

5.1 Conclusions 

Given the evidence presented and bearing in mind the issues considered in the 

results and discussion chapter, the main conclusion of this study in answer to the 

question set up at the start of this dissertation, is that a systematic data-driven 

prioritisation is weakly correlated with the prioritisation in use by WfVV. 

Also, while there has been good targeting of infestations of invasive alien species 

with clear ecosystem impacts, there is room for improvement in targeting these 

species in areas where the opportunities to meet individual goals are synergistic, 

particularly with regard to areas of low disturbance and high conservation or 

production value. 

Furthermore, while the WfVV North-West region is good at assessing priority, 

considerable improvement is required in the WfVV Free State, Gauteng and 

KwaZulu-Natal regions. 

5.2 Practical implications 

This study identified priority areas that have not currently been identified as such, 

and should provide decision-makers with a transparent, systematic and objective 

means with which to prioritise areas for the control of invasive plants. This 

information can be used by decision makers to set priorities for which areas should 

get the most investment and for developing control strategies for individual species. 

It could be of assistance to the Department of Water Affairs & Forestry in helping to 

clarify the goals of WfVV and how they relate to each other, should the criteria and 

weightings be accepted. It could assist the Department of Agriculture to prioritise 

areas for assistance and law enforcement for the appropriate management of the 

natural agricultural resources (RSA, 1995). And could also help the Department of 

Environmental Affairs & Tourism with the co-ordination and implementation of 

programmes for the control or eradication of invasive alien plants especially with 

regard to prioritising land under the control/jurisdiction of organs of state which are 

required to submit invasive species monitoring, control and eradication plans in 

accordance with Section 76 of the Biodiversity Act (RSA, 1997a). 
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At increasingly finer scales, the systematic prioritisation can be used to identify 

shortfalls In operational project expenditure between the 9 South African provinces 9 

WNV regions and 1 9 DWAF Water Management Areas (Figure1.1) 

5.2.1 Priority RSA provinces 

The shortfall identified in the Kwa7.ulu·Natal province by this study is supported by 

the fact that the provincial government of Kwa7.ulu·Natal, on their own initiative, has 

recently increased the budget for Invasive alien plant control in that province by 

250% Other major shortfalls exist in the provinces of Eastern Cape and Free Slate. 

This study also identified a surplus in the provinces of Western Cape & Gauteng 

(Figure 5.1) . 
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Figure 5.1 WMI prioritisation vs the systematic priorilisation between provinces 
(arranged in descending order of WMI prioritisation) 
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5.2.3 Priority WfW regions 

Major shortfalls exist in the WMI regions of KwaZulu-Natal, Northern Cape, Gauteng 

and Free State This study also identified major surpluses in the WMI regions of 

Western Cape, Mpumalanga & North-West (Figure 5 2). 
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Figure 5.2 WMI prioritisation \/5 the systematic prioritisation between WMI regions 

(arranged in descending order of WMI prioritisation) 
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5.2.3 Priority DWAF Water Management Areas 

Major shortfalls exist in the DWAf Water Management Areas of Thukela, Upper 

Orange, Upper Vaal Middle Vaal. Olifants, Limpopo, USlithu to Mhlatuze and Mvoti 

to Umzimkulu. This study also identified major surpluses in the DWAF Water 

Management Areas of Berg. Inkomati, Levuvhu & Lelaba and Crocodile (West) & 

Marico (Figure 5 3) 
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Figure 5.3 WfIN priorilisation vs, the systematic prioritisation between DWAF Water 
Management Areas (arranged in descending order of WfIN prioritisation) 
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5.2.4 Priority areas within South Africa 

At a finer scale (quaternary catchments) the systematic priori tisation can be used to 

identify prio rity areas within South Africa as illustrated in figure 5.4 and assist in reo 

aligning funding either betw'een existing projects (yellow hashed areas) or at new 

priority locations (darkest red areas not covered by a yellow hash) 

D '~"~. "''',n 
'''" ",oJ"" 

"" ... ~ I " ;" ' , ., ."". 
0_m _0. '" 

_ 0"," _ 0.350 
_ 0-"'" _ ', . .j, _0 .. _".'" 
_ 0 ... '_ 0.72 

Figure 5.4 WfW projects (yellow hashed areas) vs. systematic priori tisation 
overall priori ty scores (graduated colour classified by 5 natural breaks) 

WMI is also cu rrontly updating the Versfeld et a/. (1998) map using romote-sonslng 

imageI)'. If it provos to be impossible in the short-medium term to provide a 

comprehensive ma p of invasive alien plants for the whole countl)', it may be possible 

to phase this map by identifying a strategic subset of the country to target for 

comprehensive ma pping, using this study 
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5.2.5 Priority areas within WfW regions 

At the finest scale, the systematic prioritisation can be used to identify priority areas 

within WfW regions as illustrated in the example for the WfW Free State region in 

Figure 5 5 The obvious cluster of projects (yellow hashed areas) in the western 

section of the Upper Orange DWAF Water Management Area compared to 

thepriority locations (darkest red areas not covered by a yellow hash) in the eastern 

section of the same DWAF Water Management Area, explain why the systematic 

prioritisation is very weakly correlated (-0.016) with the WfW prioritisation for the 

vl/rw Free State region. To remedy this situation either project funding needs to be 

re·aligned between the existing projects in the west and tho oast or allocated to the 

establishment of new projects in the east. 

Figure 5.5 WfW projects (yellow hashed areas) vs. systematic prioritisation 
overall priority scores (graduated colour classified by 5 natural breaks) for tho WfW 

Free Stato region 
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5.3 Desirable future research 

Future research should concentrale on collecting species, water resource and 

natural agricultural resource values at finer scales to allow for more robust re,scaling 

to tho quaternary catchment scale. The consequoncos of invasions for the detivery of 

goods and services (effects), with the notable exception of their influence on water 

resources, needs further study 

Data on total WfW operational project expenditure per WfW project since the 

inception of the programme in 1995 would also be useful 

Data on the proportion of quatornary catchments made up of Stato land would also 

assist in proving tho assertion that projects were initiated were institutional capacity 

oxisted. 

The ratio of present-day to natural mean annual runoff (MAR) for each quaternary 

catch mont would provido an Indication of ocologically stressed catchments, on the 

basis of prm;ent-day exploitation of the reSOlJrce For over-exploited rivers, tho most 

severely affected component is generally the low flow. as a result of damming and 

run-of-river abstraction. Thus, the benofits of clearing for onhancing ecosystom 

integrity would be greatest in these catchments Such a cover does not presently 

exisl in DWAr (Watson pers comm.) 

Assessment is a core component of planning. but there is more to planning than 

simply assessment The identification of spatial priority areas through assessment 

should feed into the development of an implementation strategy and action plan. 

which may address non-spatial issues (Wittenberg & Cock, 2001 Driver ef al. 2003) 
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APPENDIX 1: Determination of documented species effects 
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APPENDIX 2: Comparison of species selected with other national invasive alien 
plant lists. 
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APPENDIX 3: Correlation matrices showing the relationships between all pairs of 
criteria within each WfW region (B). 

Table 1 Correlation matrix showing the relationships between all pairs of criteria within the WfW Western Cape region. 

Abundance Effect Disturbance Terrestrial River Water A riculture Overall 

1.00 

Table 2 Correlation matrix showing the relationships between all pairs of criteria within the WfW Eastern Cape region. 

WfW prioritisation Range Abundance Effect Disturbance Terrestrial River Water Aariculture Overall priority 

~ioritisation 1.00C 
0.25~ 1.000 

IAbundance 0.19..:1 0.9m 1.00C 
Effect 0.24~ 0.94~ 0.85~ 1.00C 
Disturbance -0.11E -0.49f -0.512 -0.496 1.000 
IT errestrial -0.04~ 0.3H 0.35~ 0.323 -O.4Sf 1.00C 
River -0.02~ -0.1S~ -0.14~ -0.18S 0.40~ -0.24E 1.00( 
!water -O.OSE -O.4Si -0.451 -0.472 0.27E -0.191 -O.27E 1.00C 
IAgriculture 0.181 0.48~ 0.45E 0.483 -0.S5f 0.38C -0.S2~ -0.11 E 1.00C 
lavernll priority 0.23€ 0.8S~ 0.85C 0.831 -0.31E 0.383 0.10( -0.28S 0.40S 1.00C 
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Table 3 Correlation matrix showing the relationships between all pairs of criteria within the WfW limpopo region. 

WM' prioritisation Range Abundance Effect Disturbance Terrestrial River Water Agriculture Overall priority 
Wtw prioritisation 1.000 
Range 0.328 1.000 
!Abundance 0.374 0.874 1.000 
Effect 0.322 0.925 0.806 1.000 
Disturbance -0.259 -0.373 -0.383 -0.329 1.000 
Terrestrial 0.210 0.210 0.221 0.146 -0.485 1.000 
River 0.003 0.292 0.256 0.301 -0.185 0.258 1.000 
Water -0.033 -0.268 -0.257 -0.234 -0.103 0.081 -0.207 1.000 
Aariculture 0.347 0.619 0.577 0.632 -0.416 0.463 0.387 -0.071 1.000 
Overall priority 0.298 0.762 0.725 0.754 -0.375 0.507 0.618 0.094 0.784 1.000 

Table 4 Correlation matrix showing the relationships between all pairs of criteria within the WfW Mpumalanga region. 

WM' prioritisation Range Abundance Effect Disturbance Terrestrial River Water Agriculture Overall priority 
Wtw prioritisation 1.000 
Range 0.298 1.000 
Abundance 0.211 0.892 1.000 
Effect 0.212 0.933 0.839 1.000 
Disturbance -0.262 -0.519 -0.574 -0.441 1.000 
If errestrial 0.288 0.302 0.262 0.225 -0.181 1.000 
River -0.031 -0.058 -0.183 -0.026 0.246 0.028 1.000 
Water 0.046 -0.372 -0.439 -0.426 0.137 -0.041 0.011 1.000 
lA,griculture 0.193 0.678 0.600 0.712 -0.508 0.281 -0.023 -0.253 1.000 
~verall priority 0.272 0.721 0.577 0.694 -0.181 0.511 0.388 0.090 0.596 1.000 
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Table 5 Correlation matrix showing the relationships between all pairs of criteria within the WfW KwaZulu-Nalal region. 

1.00 
0.16 
0.10 
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Table 7 Correlation matrix showing the relationships between all pairs of criteria within the Wf'tN Northern Cape region. 

WMI prioritisation Range Abundance Effect Untransformed Terrestrial River Water Agriculture Overall priority 
Wf.N prioritisation 1.000 
Range 0.178 1.000 
Abundance 0.292 0.195 1.000 
Effect 0.202 0.841 0.294 1.000 
Untransformed 0.048 -0.260 0.136 -0.262 1.0QQ 
Terrestrial -0.018 0.123 -0.171 0.126 
River 0.140 0.255 0.085 0.247 -0.283 0.204 1.000 
Water -0.007 0.246 0.038 0.206 -0.009 -0.044 -0.035 1.000 
Agriculture 0.051 0.330 -0.148 0.340 -0.679 0.589 0.119 0.139 1.000 
Overall priority 0.265 0.732 0.449 0.764 -0.390 0.282 0.655 0.357 0.441 1.00C 

Table 8 Correlation matrix showing the relationships between all pairs of criteria within the Wf'tN Gauteng region. 

WMI prioritisation Range Abundance Effect Untransformed Terrestrial River Water Agriculture Overall priority 
wm prioritisation 1.00C 
Ral"lge 0.134 1.000 
!Abundance 0.195 0.748 1.000 
Effect 0.125 0.922 0.670 1.000 
Untransformed -0.05C -0.063 -0.045 -0.043 1.000 
Terrestrial 0.013 -0.117 0.123 -0.070 0.229 1.000 
River 0.026 -0.106 -0.047 -0.095 -0.049 0.082 1.000 
vvater -0.143 -0.333 -0.254 -0.272 0.29S -0.046 0.064 1.000 
~riculture 0.107 0.060 0.302 0.10~ 0.469 0.329 0.081 0.107 1.000 
bverall priority 0.077 0.568 0.655 0.606 0.447 0.367 0.106 0.315 0.561 1.000 
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Table 9 Correlation matrix showing the relationships between all pairs of criteria within the WfW Free State region. 

WfW prioritisation Range Abundance Effect Untransformed Teffestrial River Water Agriculture Overall priority 
wm prioritisation 1.000 
Range 0.048 1.000 
Abundance 0.099 0.521 1.000 
Effect 0.176 0.589 0.201 1.000 
U ntransformed 0.085 0.276 0.232 -0.255 1.000 
Terrestrial -0.022 0.181 0.080 0.453 -0.444 1.000 
River -0.103 -0.072 0.087 0.168 -0.448 0.342 1.009 
Water -0.134 -0.393 -0.305 -0.312 0.049 -0.130 -0.337 1.00C 
Agriculture 0.032 0.297 0.422 0.415 -0.303 0.421 0.488 -0.477 1.000 
Overall priority -0.016 0.523 0.594 0.539 -0.060 0.571 0.498 -0.06C 0.618 1.000 
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