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ABSTRACT:

Current funding of the one of the world’s largest programmes dealing with invasive
alien plant control, South Africa’s Working for Water (WiW) programme, is
insufficient to tackle the problem with equal urgency in all parts of the country. it is
therefore faced with the problem of setting priorities for action, and maximising the
efficiency of its efforts. In order to determine whether the choices made on where
resources are invested to control invasive alien plants in South Africa are
valid/defensible, a systematic prioritisation was conducted and compared to the
prioritisation in place in WfW. Using weighted linear combination within a spatial
multi-criteria decision analysis approach, several criteria of the complementary
species and area objectives were combined to identify areas where opportunities to
meet individual goals for invasive alien plant control are synergistic. The evaluation
criteria chosen for this study were: range, abundance and effect of terrestrial,
transformer species; disturbance; terrestrial biodiversity value; river biodiversity
value; water resource value and natural agricultural resource value. Annual
operational project expenditure was used to represent the WIW prioritisation. At a
national scale, a weak positive correlation of 0.274 was obtained between the
systematic and WIW prioritisations. The highest correlation between the systematic
and WHW prioritisations was for the range criterion (0.796) and the lowest for the
disturbance criterion (-0.349). At a regional scale, the correlation between the
systematic and WIW prioritisations was highest for the WIW North-West region
(0.670) and lowest for the WAW Free State region (-0.016). The conclusion of this
study is that a systematic data-driven prioritisation is weakly correlated with the
prioritisation in use by WfW. 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 WAW North-West
region is good at assessing priority, considerable improvement is required in the
WHW Free State, Gauteng and KwaZulu-Natal regions.
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1. INTRODUCTION

1.1 Background, context & significance

The spread of invasive alien species is now recognised as one of the greatest
threats to the ecological and economic well being of the planet. These species are
causing enormous damage to biodiversity and the valuable natural agricultural
systems upon which we depend (McNeely ef al, 2001). Sound management
strategies require an objective means for setting priorities, always a highly
challenging task. Generally speaking, highest priority should go to infestations that
are the fastest growing, most disruptive, and affect the most highly valued areas
(Wittenberg & Cock, 2001). In South Africa, one of the strategic interventions
identified to ensure good invasive alien species management practices is to ensure
that informed prioritisation of all established invasive alien species occurs at national
level, and then is adapted accordingly at provincial levels (Macdonald et al., 2004).

South Africa’'s Working for Water (WfW) programme was initiated in 1995 to conduct
and co-ordinate alien plant management throughout South Africa. The programme
leads alien-plant management initiatives in all natural and semi-natural ecosystems.
it has grown into one of the most successful integrated land management
programmes in the world and the largest environmental programme on the African
continent. The enterprise’s success has been attributed to its multi-faceted and
cross-disciplinary nature that has enabled it to leverage local and international
funding and continuing political support (Van Wilgen ef al., 1996; van Wilgen & van
Wyk, 1998; Richardson & van Wilgen, 2004; Van Wilgen, 2004; Hobbs, 2004). WiW
is the only major response to the problem of invasive alien plants, since the high
costs of clearing discourage private efforts and are usually unaffordable in other
conservation management budgets of state departments. Nevertheless current
funding of the WIW programme is insufficient to tackle the problem with equal
urgency in all parts of the country. It is faced with a problem of setting priorities for
action, and maximising the efficiency of its efforts (Turpie, 2004).

WIW is a multi-departmental initiative of three core national government

departments: Department of Water Affairs & Forestry (DWAF), Department of

Environmental Affairs & Tourism (DEAT) and Department of Agriculture (DoA). The
1



lead agency and administrative home of WfW is DWAF. WAW's vision is: “A country,
and region, in which invasive alien species are controlled or eradicated, and
introductions of potentially invasive alien species are prevented, in order to
contribute to economic empowerment, social equity and ecological integrity”. WiW's
mission is: “To contribute to the sustainable prevention and control of invasive alien
plants, and thereby the optimising of the conservation and use of natural resources.
In doing so, it will address poverty relief and promote economic empowerment and
transformation within a public works’ framework” (WfW, 2004a).

The WIW programme seeks to contribute to the following long-term goals:

e Ecological: To improve the ecological integrity of our natural systems through
the prevention and control of invasive alien plants.

+ Hydrological: To enhance water security through the prevention and control
of invasive alien plants.

o Agricultural: To help to restore the productive potential of land and water
through the prevention and control of invasive alien plants.

¢ Socio-economic Empowerment: To develop and enhance the socio-
economic benefits for participants, from preventing and controlling invasive
alien plants.

o Economic Development: To develop and enhance the economic
development benefits from preventing and controlling invasive alien plants.

¢ [nstitutional Development: To build an effective and efficient organization
that optimizes co-operative government, partnerships, transformation, staff
development and leaming. (WfW, 2004a).

Currently, the programme receives 88% of its R400 million/annum revenue from the
Expanded Public Works Programme and the balance (i.e. 12%) from DWAF. The
EPWP allocation criteria are that programmes: operate in poorest areas or provinces
and particularly in rural areas; enhance capacity building for human development;
provide jobs and in doing so, benefit the community; provide for infrastructure in poor
areas; have impact on households where single women are main source of income;
and be implemented in areas where projects could become sustainable (Eberhard et
al., 2003)



The WIW national office then makes an allocation annually to each WAW region,
whose boundaries follow DWAF Water Management Areas (see Figure 1.1). A
Water Management Area is an area established as a management unit in the
National Water Resource Strategy (DWAF, 2004) within which a future catchment
management agency will conduct the protection, use, development, conservation,
management and control of water resources (RSA ,1998). The boundaries of the 19
water management areas (that is, those boundaries that are not defined by
international boundaries or South Africa's coastline) lie mostly along the divides
between surface water catchments. The number of water management areas and
the location of their boundaries were determined by considering factors such as: the
institutional efficiency of creating a large number of catchment management
agencies (each managing a relatively small area, compared with a small number of
agencies, each managing a larger area), the potential for a catchment management
agency to become financially self-sufficient from water use charges; the location of
centres of economic activity; social development patterns; the location of centres of
water-related expertise from which the agency may source assistance; and the
distribution of water resources infrastructure.

The WIW planning guidelines (WfW, 2001b) state that each WfW region is required
to compile a regional strategic plan that covers the whole region and provides the
framework within which all operations should take place. It is to be drawn up in a
consultative process with all relevant stakeholders in the region (government, NGO,
community groups, environmental groups, etc.) and reviewed from time to time.
Quaternary catchment boundaries are to be used as the basis for project
boundaries. This basic unit of area resolution was used in the WR90 series of
reports published by the Water Resource Commission (Midgley et al., 1994). The
primary drainage regions are divided into secondary, tertiary and quaternary
catchments. The quaternary catchments have been created to have similar mean
annual runoffs: the greater the runoff volume the smaller the catchment area and
vice versa (DWAF, 2002). The WfW Regional Strategic Planning Process guidelines
(WIW, 2002) listed the following criteria that would need to be considered when
defining the spatial side of the regional strategic plan: poverty nodes, water stressed
catchments, areas of great biological importance (e.g. conservation areas), targeted
invasive species, extent of invasion, type of invasion, rate of invasion of particular
species (e.g. Chromoleana oddrata), where the programme will make the greatest

3
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Figure 1.1 R5A provinces, DWAF Water Management Areas,
major water storage schemeas (dams). major rivars & population density {per 2001
census district) of South Africa

1.2 Motivation & justification

Althaough major advances have baen mads in the science of invasion ecology, much
less progress is being made in improving our ability to manage invasions. WAV
should be informed by advances in invasion ecolegy in order to maximise efficiency
in terms of prediction and pricority. What is needed is a concerted effort from
practitioners in all specialities, to "connect the dots” in their research endeavours,
and to link the disciplinary boxes in science and management, if the glaobal threat of
invasive plants is to be effectively countered (Hulme, 2003; Richardson ef af.. 2004
Richardsan, 2004).

In 1897, an external evaluation of the WA programme commussioned by the
Europaan Union found that the separation of leadership and management was a

source of concern because of the manner in which it influenced prioritisation of



projects and because it drove expansion of the programme at the expense of
strategic planning and baseline data gathering. The programme was unique in the
manner in which it set out to simultaneously deliver water benefits, social welfare
and environmental restoration, but this complicated programme planning and design.
The sources of funds, particularly the start up funding, also moulded planning and
design of the programme. Funds drawn from the Reconstruction and Development
Programme (RDP) were released against a business plan in the format required by
the Department of State Expenditure, which was responsible for allocation of RDP
funding. This format did not require that the usual planning process of DWAF be
followed. Consequently, pre-feasibility and feasibility studies were not conducted.
Once launched the imperatives of “spending the money efficiently, on time and within
budget” gave the WfW programme an urgency and impetus in which strategic
planning was perceived as a process that would result in delays that would fatally
flaw the programme. The process adopted by programme management resulted in
minimal start-up time and in a remarkably good stream of social benefits to the rural
poor. However, there was widespread concern amongst project managers and
implementing agencies with the inadequate level of strategic planning, feasibility
assessment and with project prioritisation and initiation (Breen et al., 1997).

Referring to projects, in the same way as with programme planning, the European
Union extemal evaluation found that the imperative of getting projects going took
precedence over planning. Thus projects were initiated at locations where
management capacity was available and where there was sufficient awareness of
invasive alien plant and social welfare needs. Consequences were that projects
initiated did not have appropriate data that could be used to assess feasibility or to
set measurable attainable goals in respect of water, social welfare and
environmental rehabilitation. For instance, in most cases the area to be treated in a
particular catchment was not known as it had not been mapped; hydrological studies
to determine incremental water benefits had not been carried out; neither costs nor
benefits had been quantified annually over a period of 25 years and the technical
feasibility and economic viability of any project was not known. The evaluation
concluded that it was urgently required to ensure that WIW was cost-effective and
defensible (Breen ef al., 1997).



In 1998, the Working for Water Programme acknowledged the criticisms for not
having a coherent strategic plan, and for failing to undertake the research that must
underpin such a plan. In defence it contended that it would take years of intense
research to understand the extent and consequences of invading alien plants and
that the calculation of a return on the investment from working in one area rather
than another involved so many variables, that it would not have been possible to put
the poverty relief money to work. An admission was made that some projects were
initiated for “peace” and others “opportunistically”. It was conceded that the
programme was aware of these limitations and that mechanisms had been put in
place to deal with them (WfW, 1998).

in 2003, an aquatic ecology and hydrology specialist report found that the WIW
planning guidelines (WfW, 2001b) made no mention of either information on the
presence of aliens or other ecological/hydrological criteria that would be important in
order to select one area rather than another (strategic decision-making) rather
focussing on criteria used to define their boundaries (Ractliffe ef al, 2003). The
report argued that the objectives of the WIW programme would not be achieved by
simply cutting down trees in randomly selected places, but given the magnitude of
the problem, required the appropriate targeting of species and areas. The criteria
that were used in clearing selection should reflect the central mandate of the WiW
programme. The report further claimed that WfW was failing to use existing data on
the extent of the invasive alien plant problem and on strategic areas for clearing and
that no spatial information on the strategic priorities of the programme had been
synthesized at a national level, for use nationally or to inform regional planning
(Ractliffe ef al., 2003).

Ractliffe et al., (2003) also reported that there had been frank admittance from WAV
national office and regional personnel that projects have too often been selected for
a variety of reasons, including political expediency and logistical convenience. Such
criteria did not contribute to the mission of the WAW programme (i.e. the control &
prevention of invasive alien plants). This was identified as a critical shortcoming of
the programme, as it is thereby unable to demonstrate that it has used its funds to
the most strategic effect. Because there was no national basis for assessing the
validity of selecting one project location over another, this raised questions about the
validity/defensibility of the choices made on where resources are invested, both
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between regions and within regions in relation to the actual area targeted for
clearing. The report concluded that WfW had not been operated by systematically
establishing which would be the most strategic areas nationally to target for clearing
operations, in relation to the type and characteristics of alien infestation in different
parts of the country. The report stressed the importance of national planning both in
ensuring that the priorities of WAW are being addressed in the operational activities
of the programme, and that they are being addressed efficiently — for example,
strategic prioritisation of catchments where multiple goals can be met
simultaneously. At a national level this would require information of the sort that will
allow for identification of areas where opportunities to meet individual goals are
synergistic. Spatial information on aliens, intersected with a range of other indicators,
representing the programme goals, would enhance the information available to
decision-makers. In relation to any programme evaluation process, national spatial
information is crucial for a quantitative assessment of the extent to which the
programme is meeting its goals, and an extremely powerful tool for manipulating
spatially complex data (Ractliffe et al., 2003).

Also in 2003, a terrestrial ecology specialist report found that no objective
prioritisation had taken place at a national level and that in trying to balance the
objectives of WfW (i.e. enhanced water security, ecological integrity and social
development), the overall goal of WIW (i.e. invasive alien plant control) may have
inadvertently received lower priority during strategic planning. The report believed
that the role of the WIW national office should be to define overall policy and
standards and to provide technical support in the various fields. The report also
recommended that the WAW national office set the national priorities for the
programme and synthesize information from the regions to check whether these are
on target and that regional budgets be adjusted to achieve these national priorities
(Holmes et al., 2003).

Also in 2003, an external evaluation of the WfW programme conducted by Common
Ground Consulting concluded that for most projects there had been no attempt to
provide or collate existing material that defined the broader context in the catchment
and resulting priorities for integrated catchment management. A key concern was the
adequacy of strategic (operational and geographical) planning for the achievement of
the stated purpose, goals and objective (Laros et al., 2003).



In 2004, Turpie maintained that there had not been any prioritisation strategy in
place in WiW to ensure that the benefits of the programme’s current activities were
maximised (Turpie, 2004).

Also in 2004, Goérgens & Van Wilgen felt that existing knowledge needed to be more
effectively used to prioritise clearing operations by selecting areas for clearing in
terms of water-related benefits (Gérgens & Van Wilgen, 2004).

In 2005, a review of the Common Ground external evaluation found that there still
appeared to be a lack of consensus regarding the spatial targeting for clearing
(Laros, 2005). Laros (2005) felt that this was a key priority to be addressed if the
programme wished to deliver effectively on its core purpose. At the regional level,
the most important for spatial targeting for clearing, there appeared to be
inconsistency with the prioritisation approach applied. Despite the regional strategic
planning process, spatial targeting for clearing required a coherent approach applied
across the country appropriate to the relevant provincial conditions. Laros (2005)
further reasoned that should the WIW regions fail to implement this approach this
would significantly affect the overall impact and effectiveness of WfW as an invasive
alien plant control and management programme, i.e. delivery on its core

purpose/mission.

1.3 Scope, aim, objectives, design, question & hypothesis

The scope of this dissertation is the transparent, strategic, systematic, objective,
spatial prioritisation of areas for control of established, terrestrial invasive alien plants
in South Africa where opportunities to meet individual goals are synergistic.
Prioritisation of emerging species was not dealt with, as this requires a species-
based approach (Nel et al., 2004a). Other invasive species (e.g. invertebrates, birds
and mammals) and aquatic invasive plants were excluded due to their high mobility.
Also, despite their proximity to South Africa, the neighbouring countries of Lesotho
and Swaziland were excluded as WW has no jurisdiction in these sovereign
countries.

Criteria on poverty were excluded from this study as the link between invasive alien
plant control and poverty relief funding is fragile (van Wilgen et al, 2001).

8



Furthermore, Laros et al. (2003) believe that the spatial prioritisation of invasive
alien clearing interventions should not be driven by poverty relief-based targeting
(that is by targeting areas where there is the greatest level of poverty). While it is
recognized that social development and poverty relief are critical priorities for South
Africa as a whole, it is believed that WfW should focus first and foremost on its key
purpose. WIW should, however, consider how clearing in strategically targeted areas
may be undertaken in order to maximize social benefits. The “poverty nodes”
referred to in the WAW Regional Strategic Planning Process guidelines (WfW, 2002)
are actually Integrated Sustainable Rural Development Programme (ISRDP) nodes.
This 10-year programme initiated in 2001, targets rural communities especially
women, youth and the disabled and is implemented in 13 district municipalities. It
aims to alleviate poverty by: ensuring access to education, health, social
welfare/grants and functional district clinics serving the communities, expanding
labour markets through stimulation of Local Economic Development (LED)
programmes; improving service delivery (access to water and sanitation, electricity
and energy, telephone services); building of access roads to improve transportation
to reach social amenities and economic markets, post-office and post office agents
and improving social asset capital (household assets, incomes and expenditure)
(DPLG, 2001).

The aim of this dissertation is to determine whether the choices made on where
resources are invested to control invasive alien plants in South Africa are

valid/defensible.

The specific objectives of this dissertation are:
e To conduct a systematic prioritisation of areas for invasive alien plant control
in South Africa.
e To compare these results with the WRW prioritisation of areas for invasive
alien plant control.

The research design type is the empirical analysis of existing numerical data
(secondary data analysis) (Parsons & Knight, 1995) using spatial multi-criteria
decision analysis. Decision analysis is a set of systematic procedures for analyzing
complex decision problems. The basic strategy is to divide the decision problem into
small, understandable parts; analyze each part; and integrate the parts in a logical

g



manner to produce a meaningful selution. 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 invoive a large set of feasible alternatives
and multipie, conflicting and incommensurate evaluation criteria.  Accordingly, many
real-warid spatial planning and managemen!t problems give rise to gecgraphic
information system [GIS) — based multicnteria deaision making (MCDM). GIS -based
for spatial] multicritertia decision analysis can be defined as a collection of
technigues for anaiyzing geographic events where the results of the analysis
(decizions) depend on the spatial arrangement of the events, Spatial muiticriteria

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 WW pricritisation (B)

Correlation will be measured with the cortrelation coefficient., 1, where r lies
hetween —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,
1488). The significance of a correlation coeflicient is as follows (Fowler ef af,, 1998)
s Walue: 0.00-0.19 (very weak)
+« Value: 0.20-0 39 (weak)

s Vaue: 0.40-0.68 (modest)

= Value: 0.70-0.89 (strong)
«  Walue: 0.90-1.00 (very strong}

A GlS-based analysis requires both spatial and attribute data. The 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/pnoritization s the
guatetnary catchment, in ling with the WA planning guidelines (WA, 2001b). All
data were re-scaled to this unit. The 1,825 guaternary catchments that have their
centres in the boundaries of South Africa (Figure 1.2} total 1,218,259 km® 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 al., 1994)
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Figure 1.3 Frequency histogram for area (km?) of the 1,825 quatornary catchments
that have thoir centres in the boundarios of South Africa.
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For the purposes of this methodology it was required that all data be expressed
numerically. The research data were measurable on at least an interval scale
(Parsons & Knight, 1995).
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2. LITERATURE REVIEW

2.1 Previous work

Previous studies that investigated the topic of prioritisation for invasive alien plant

control and the criteria they used are summarised in Table 2.1. Those that

expressed their prioritisation spatially are discussed in further detail below.

Table 2.1 Summary of prioritisation criteria used in previous South African studies

Broad citera

Spenilic ciiternia

Species Current distribution/range Macdonald & Jarman, 1984 Fynbos Biome
Macdonald & Jarman, 1985 KwaZulu-Natal
Van Wilgen ef al., in press. National
Potential distributionfrange Macdonald & Jarman, 1884 Fynbos Biome
Macdonald & Jarman, 1985 KwaZulu-Natal
Rouget of a/., 2004a; Maidi ef al., National
ir prep.; Van Wilgen ef al., in
press.
Current distribution & density | Versfeld ef al., 1998; Roberison of | National
al., 2003; Nel ot al., 2004a
Feasibility of control Macdonald & Jarman, 1984 Fynbos Biome
Macdonald & Jarman, 1985 KwaZulu-Natal
Robertson et al., 2003 National
Rate of spread Macdonald & Jarman, 1984 _Fynbos Biome
Macdonald & Jarman, 1985 KwaZulu-Natal
Mgidi et al., 2005 National
Effects Macdonald & Jarman, 1984 Fynbos Biome
Macdonald & Jarman, 1985 KwaZulu-Natal
Robertson ef al., 2003 National
Current hydrological impact Versfeld ef al., 1998; Le Maitre of | National
al., 2000
Potential hydrological impact | Le Maitre ef &/, in prep. National
Potential rangeland impact Le Maitre of &l., in prep. National
Potential biodiversity impact Le Mailre of a/., in prep. National
Potential invasiveness Robertson ef al., 2003 National
Conflicts of interest Robertson ef al., 2003 National
Hydrological | Compulsory water-use Gibson & Low, 2003, Ractliffe of National
value of area | licensing areas. al., 2003
Ecological Importance & Ractliffe of al., 2003 National
Sensitivity (DWAF, 1989)
Habitat loss in rivers (Nel of Van Wilgen ef al, in press. National
al., 2004b)
Degree of water stress Van Wilgen ef al., in press. National
(DWAF, 2004)
Ecological Threatened terrestrial Ractliffe of 2/, 2003 National
value of area | vegetation types (Low &
Rebelo, 1996)
Biodiversity irreplaceability Gibson & Low, 2003 National
{expert knowledge)
Agricuttural Grazing potential (Schoeman | Gibson & Low, 2003 National
value of area | ef al, 2002)
Arable potential (Schoeman Gibson & Low, 2003 National
et al,, 2002)
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Versfeld eof al. (1998) (Figure 2.1) made the first attempt to set clear national
priorities for the Working for Water Programme to ensure funding was appropriately
targeted, using mostly expert knowledge of the extent of invasions in South Africa
undertaken in 1996-97 (Le Maitre et al, 2000). However, the emphasis of this
assessment was on mapping species believed to use more water than native
vegetation, so succulent (e.g. Cactaceae), herbaceous (e.g. grasses, annuals) and
aquatic invaders were generally excluded. The areas of commercial plantations of
the invading species, and invasions in the major urban and metropolitan areas were
also excluded. The data from this survey need to be interpreted with caution. This
mapping exercise was aimed at providing a “broad brush” estimate of the extent of
invasions, and various data sets from other sources were also included in the final
database. The estimates derived from this survey have elicited considerable
discussion, and opinions on the accuracy of the data are strongly divided. According
to this national survey, about 10 million hectares of South Africa has been invaded
by the approximately 180 species that were mapped. Of South Africa’'s nine
provinces, the Western Cape has the most extensive invasions followed by the
Northern and Mpumalanga Provinces. However, KwaZulu-Natal and the Eastern
Cape were not adequately mapped, and the true extent in these provinces is likely to
be closer to the percentage for Mpumalanga which has similar climate, vegetation,
history of colonisation and land-use patterns (van Wilgen et al., 2001).
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Figure 2.1 Percentage of invasive alien plant cover {condensed hectares) per
tertiary catchment {graduated colour classified by 5 equal areas) of South Africa
(Wersfeld et af . 1898)

Gibson & Low {2003) and Ractliffe ef af. (2C(03) used compulsory water-use licensing
areas as an indicator of hydralogical importance (Figure 2.2). These are areas
which are, or are soon likely to be, under “water stress” (for example where the
demands for water are approaching ar exceed the availlable supply, where water
guality prebiems are imminent or already exist. or where the water resource quality is
under threat) or where it is necessary to review prevailing water use to achigve
equity of access to water (R5A, 1998) However, this hydrological indicator 15 seen
as insufficient as certain factors, for example groundwater abstraction has not been
taken into account in certain areas. Also, since Ractliffe of af {(2003) did their study
using threatened vegetation types {low & Rebelo, 1996) as a surrogate for
conservation importance, a new dataset {Rouget of af, 2004b) has become
available. Gibson & Low {2003) used a gap pricritization approach. In gap
prioritization models, areas of the country are priontized n an iterative fashion — at
each iteration, a single criterion is chasen te act as a “filter” restricting further
analyses of the remaining criteria only to the priority areas identified for that single

critenon. However, this higrarchical iterative appraach s extremely dependant an the
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type of criterion (or filter} applied at each iteration, and will be conceptually flawed if
fiters are applied at incorrect levels of iteratton. These types of analyses also
prevent investigation of possible cumulative effects in parts of the country where

different criteria interact.

I | Wi¥¥ regions
| RSA provinces
Comnpuisely water-Use [icensing areas

HMarthern Cape

A Free State

e ..-‘.,“_I,-r'

Eastern Cape ..

# i

\‘ ‘ crt Cape

Figure 2.2 Compulsory water-use licensing areas (Raclliffe et &f., 2003)

Net of af 2004a (Figure 2.3} 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 speciss’ range, abundance and

per capita effect (Parker et af, 1899).
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Figure 2.3 Distribution of major invasive alien species per quarter degree square
(graduated celour classified by 5 natural breaks) (Nel ef af,, 2004a)

Rouget ef al., 2004a (Figure 2.4) quantified alien plant invasion potential based on
an assessment of the climatic corretates of distrbution of 71 major mvasive alien
plants. This product was also used by Dnver et af (2003) to rank prienty areas
according to combmed level of future pressures on hiodiversity. However, not all
alien plant invaders can be considered as having the same impact, so the impact of

plant invasions might not be directly refated to the number of potential piant invaders.
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Figure 2.4 Alien plant invasion potential based on climatic
suitability of 71 major invasive alien plants (Rouget st af, 2004a)
Le Maitre et al. (in prep) (see Figure 2.5) assessed the potential impacts of a suite of
71 major and 28 emearging plant invaders an 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 factars: per capita impact estimated far attributes such as size and growth
form as an index of potential transpiration. ability to transform natural communities
and toxicity ta hvestock, multiplied by their natural ability to form dense stands to give
a per populatian impact. The papulation scores were multiplied with estimates of the
extent of their climatically suitable range to give a total mpact 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 suitabie
areas for each speacies. However the findings of this study are subject to substantial
uncertainties. The per capita impact scoring system that was developed s pragmatic
but is based on logical deduction rather than rigorous analysis. Many of the scores

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

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

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

Water impacts

M

1.8 000 000 A

Figure 2.5 Geographic distribution of the relative immpacts of 71 major invader plant
species on water resources {Le Maitre, in prep.)
Van Wilgen et al (in press) calculated, for each guaternary catchment, a simple
composite index that combined estimates of {1) the number of invasive alien plant
species (out of a selection of 13) present; (2) the potential number or alien plant
species that would be present if they occupied the full range as determined by
climatic envelope models; {3) the degree of habitat less in rivers; and (4) the degree
of water stress. The approach was. however, aimed at placing a higher priority on
rver systems. The combined prierity map was not available for comparison at time of

writing.

In summary, all of the above studies had limitations and ignored the possible effects
of disturbance, terrestrial biodiversity value and primary productivity value. My
contribution to this topic will be to investigate the effects of these and compare my

results with the actual prioritisation in place in WHW.
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2.2 Suggested approaches

In 1997, an external evaluation of the WW programme conducted by the European
Union (Breen et al., 1997) suggested that a national strategy, reflecting the most
rational way of achieving water savings through control of alien invasive plants,
should be developed and that feasibility studies should be carried out for any project
prior to investment. The evaluation recommended that protocols for prioritising
selection of projects should be developed and that the logical framework approach
be considered, as it would help to organise and structure the projects. The following
criteria were identified in a workshop:
o Increased water supply for domestic, agricultural and industrial use

o Where there is a demand for water

o Where clearing benefits existing and future Water Schemes

o Where rural communities will benefit from streamflow

o Where increased water supply will enhance agricultural development

o Where clearing will increase water levels in aquifers

o Where clearing has the greatest benefit in terms of water (by species)

e To improve catchment stability

o Where it will benefit species diversity

o Where it will contribute to instream requirements of aquatic systems

o Where the value of the natural resource is greater

o Where clearing will reduce fire intensity and frequency

o Relation to areas surrounding (e.g. invasion)

o Position in landscape (Breen et al., 1997).

In 1998, a preliminary assessment of alien invading plants and water resources in
South Africa identified factors that were considered important for effective
prioritisation through a series of workshops and discussion groups and conceded
that, in practice, the application of these factors is determined by the availability of
suitable data (Versfeld ef al., 1998). The following were considered factors, together
with suggested rules, for which information was available:
e Species factors:
o Prioritise “explosive species”
o Prioritise recognised high water users

20



o Prioritise most severely invaded catchments
o Prioritise less invaded catchments
o Prioritise catchments where invasions are at low densities or of limited
extent
o Potential extent and rate of spread
» Ecological area factors:
o Prioritise high species diversity areas and biodiversity “hotspots”
o Prioritise protected areas
e Hydrological area factors:
o Prioritise catchments with high runoff per unit area
o Prioritise riparian invasions
o Prioritise catchments that deliver water where the level of demand is
high and cannot be met in other ways
o Prioritise catchments supplying a water scheme
o Prioritise areas where the invasion of river banks may obstruct flow or
destabilise the banks making them subject to scouring, and where
flooding may damage infrastructure
e Agricultural area factors:
o Prioritise high use and high resource productivity of the land
o Prioritize high value, high production, high potential land
In contrast, the preliminary assessment considered the following factors as having
no information available:
e The threat to community water supply
o The negative effect of the invasion on catchment stability (riparian zone
stability, soil erosion)
e Cost & time to control catchment (control methods & costs, accessibility;
availability of implementing agents, infrastructure and workforce)
o Realizable potential of the land for use or production
o Dependence of communities on invaders (particularly as a fuelwood resource)
e Benefits of clearing in terms of local job creation, community upliffiment and
other socio-economic aspects
o Sustainability or achievability (Versfeld et al., 1998)

in 1999, the WfW Operational Manual stressed that in development programmes of
the nature of WIW it was the selection of individual projects that was crucial to
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success and that planning was the key to proper project selection. The manual
suggested a meeting of government departments to identify priority project areas
that were based on or verified against poverty statistics, potential for partnerships
and water resource needs (Corbett, 1999).

in 2000, at the WIW Best Management Practices workshop, it was contended that
although there were several specified goals and objectives of Working for Water, this
was a fairly complex issue as not all objectives were necessarily compatible for each
project or situation. The workshop suggested that the process of selecting project
locations for vegetation clearing should be based on a decision-making process,
which takes all the objectives into account. For example, a candidate location
should be rated according to its potential to facilitate the achievement of the
maximum range of prioritized goals (e.g. environmental, social and economic) as
possible (Roberts et al., 2000).

In 2001, the WIW Strategic Plan recognised that the selection of areas in which to
focus the resources for clearing alien plants is a critical one. Firstly, WiW needed to
be able to have access to the best data on which to base decisions about where to
clear alien plants. Secondly, it needed to develop a set of defensible rules by which
project areas are selected. These rules needed to take into account the strategic
objectives and guiding principles of the programme (economic empowerment,
ecological stability and social justice). This included the need to focus on water
resources through a focus on upper catchments (particularly stressed catchments)
and river courses, a need to focus on poverty eradication in poor areas, and a need
to protect bio-diversity hotspots and wetlands. WAW also need to take a holistic
ecological approach, where the consequences of selecting certain areas, while
leaving others, on the overall effectiveness of the control programme are fully
understood. The strategic plan set a deadline of June 2001 for a set of criteria for the
selection and prioritisation of alien plant clearing projects, including wetland
rehabilitation, to be in place (WfW, 2001a).

In 2002, the WIW Ecology Research Strategy recommended that information was
required for effective national strategic planning of alien control programmes for the
selection of priority areas at national and regional levels. [t suggested that a set of
priorities for dealing with the alien plant problem in South Africa, based on current
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and potential future impacts of alien invasive plants on water resource (i.e. priority
catchment areas), biodiversity, fire management, soil erosion, riverbank stability and
grazing should be developed. The Strategy also suggested that the analysis should
look at employment, poverty and other issues. An analysis of this kind would inform
WW management where they should be working and concentrating their clearing
efforts (Fourie et al., 2002).

in 2003, a national invasive alien plant survey inception report recommended that a
comprehensive and rigorous spatial modelling approach be adopted, which is based
on well documented multi-criterion evaluation techniques. The report used an
example of a model that is conducted through raster modelling in GIS software,
based on the weighted linear combination technique. In this technique, weights are
applied to each factor through pairwise comparison, and factors are then aggregated
linearly to produce a single priority layer. The report asserted that there are many
variations to the approach that need to be considered and suggested the following
processes and activities in order to achieve this: workshops with a core working
group to design an appropriate and to formulate an action plan for the modelling
process; acquisition and analysis of South African Plant Invaders Atlas (SAPIA)
database and data set of rangeland potential, updating and review of all criteria on a
provincial basis through the collection of data, and holding of workshops with
recognised local experts in order to produce standardised data sets for incorporation
into the model (Gibson & Low, 2003).

Also in 2003, an aquatic ecology and hydrology specialist report maintained that
within tertiary catchments there was too much variability in both ecological and social
conditions, which mitigated against the usefulness of selection at this scale and
suggested that spatial or descriptive information could be sought at the quaternary
catchment scale, in order to provide a basis for comparing the merits of each
quaternary catchment. While some information would only be available at coarser
scales this did not render such information useless (Ractliffe et al., 2003).

Also in 2003, a terrestrial ecology specialist report asserted that there needs to be a
hierarchical approach to prioritizing projects (i.e. quaternary catchments) at a
national scale in order to bring invasive alien plants under effective control. Control
of the most aggressive invasive alien plants (i.e. transformers that generally have a
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medium to long-distance dispersal mode, e.g. by wind, vertebrate or water, and
capitalize on natural disturbance regimes, e.g. post-fire situations) should be the top
priority. Less aggressive invasive alien plants occurring in other quatemary
catchments should be a lower priority until additional funding is available, but should
be controlled within those quaternary catchments selected at the first iteration. At a
national scale, the second iteration (after aggressive species) should prioritize those
quaternary catchments in which the greatest ecological and hydrological benefits
accrue. In the case of terrestrial areas, catchments with low to medium alien
infestation levels in which clearance would stimulate good vegetation recovery, is an
example of a high priority area. Another example of a high priority area is one of
national conservation importance (i.e. threatened and under-conserved vegetation
type or biodiversity hotspot). The third iteration should target areas in which land
productivity may be improved (e.g. for agriculture, forestry or grazing) and poverty
nodes. Although the social development initiatives of the programme are important,
the main purpose of WfW is alien plant control, and unless an effective strategy to
control aliens is implemented, the objectives of improved ecological integrity and
water security will not be achieved. As poverty nodes cut across most districts and
regions, it is hoped that the objective of social development may be nested within
this suggested prioritization framework. The fourth iteration should target state-
owned land (Holmes et al., 2003).

Also in 2003, an external evaluation of the WIW programme conducted by Common
Ground Consulting made a case that strategic planning, whether at regional or
national level, required information pertaining to the priorities of programme and that
such priorities should include transformer or invader species, conservation areas,
water stressed or key water supply catchments, high importance catchments and the
presence of key biodiversity hotspots. Following on, either within these ecological
priorities or at the within-project level, socio-economic information and priorities
would allow better integration of social development objectives into ecological
objectives, and better achievement of social development objectives. The most
appropriate basis for planning therefore should be the provision of spatial information
defining these priority areas (ecological and socio-economic). The evaluation
recommended that a GIS planning tool be used in prioritizing projects, so that
available biome-scale and provincial spatial information, e.g. on conservation
priorities or land-use types, may be used to inform decisions (Laros ef al. 2003).
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In 2004, the National Water Resource Strategy (NWRS) stated that from a water
resource management perspective, alien vegetation control in specific catchments
may be prioritized by considering the balance between water availability and water
requirements, and the probable increase in runoff that will result from clearance
(DWAF, 2004).

Also in 2004, the National Strategy for Dealing with Invasive Alien Species in South
Africa contended that one of the key and complex steps in a national strategy to
manage already established invasive alien species was the establishment of
priorities for action. The Strategy suggested that this step should ideally involve full
inventory and distribution surveys, assessments of ecological, economic and socio-
cultural impacts (often requiring active research), and widespread consultations with
all the affected sectors of society (Macdonald et al., 2004).

In 2005, the National Spatial Biodiversity Assessment (NSBA) suggested that there
was a need to focus alien clearing efforts on areas where socio-economic needs
(e.g. water production and poverty alleviation) coincide with areas of high biodiversity
priority (Driver et al., 20085).

Also in 2005, the National Biodiversity Strategy and Action Plan (NBSAP)
recommended that key opportunities within the Working for Water programme were
in the identification and prioritization of sites to be cleared so that these overlap more
with biodiversity priority areas (DEAT, 2005).

2.3 Spatial multi-criteria decision analysis

Project appraisal is usually carried out by means of cost-benefit analysis or multi-
criteria decision analysis, the former being the most common method, a relatively
straightforward comparison of economic costs and benefits (Marais ef al., 2001). A
start has been made within WfW to develop a system to prioritise catchments for the
implementation of clearing programmes based on a cost-benefit model in which the
retums to investment in the competing areas will be compared, taking the social
benefits of the programme into account. However, the actual decision process
stands to be delayed because of the immense task of populating the models,
especially in terms of the biodiversity values involved (Turpie, 2004). Even assuming

25



that the valuation tools used within cost-benefit analyses could perform the tasks
they purport to, it can be argued that placing a monetary value on certain
environmental features, risks or externalities may be a questionable exercise. Multi-
criteria decision analysis eliminates the necessity for monetary valuation, thus
avoiding the ethical debates surrounding this issue (Joubert et al., 1997).

Decisions about management of invasive species exhibit all of the characteristics
that decision analysis is supposed to be good for: uncertain outcomes; many,
potentially conflicting, objectives; and multiple interest groups who may be affected
differently by decisions taken (Maguire, 2004). A decision analysis process not only
adds validity to a decision, but this process often demonstates that inaction due to
lack of complete information can have serious consequences (Maguire, 1991). A
lesson that applies to this process is that a simple plan, even one quickly done on
imperfect data, is better than no plan. This is not an easy lesson for many scientists,
who are often reluctant to give definitive answers or put forward clear guidelines
when the questions are complex and the answers uncertain (Driver ef al., 2003).

Figure 2.6 presents a three-stage hierarchy of intelligence, design, and choice to
represent the decision making process. in the intelligence phase, data are acquired,
processed, and exploratory data analysis is performed. The design phase usually
involves formal modelling/GIS interaction in order to develop a solution set of spatial
decision alternatives. The integration of decision analysis techniques and GIS
functions is critical for supporting the design phase. The choice phase involves
selecting a particular alternative from those available. In this phase, specific decision
rules are used to evaluate and rank alternatives. The three stages of decision
making do not necessarily follow a linear path from intelligence, to design, and to
choice (Malczewski, 1999).
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Figure 2.6 Decision flowchart for spatial multi-criteria analysis (after Malczewski,
1999)

A decision is a choice botween alternatives, The alternatives may represent different
courses of action, differant hypotheses, different land allocations and so on. Rational
human beohaviour involves the eovaluation of choice alternatives based on some
criteria (Eastman af af, 1993). Any decision-making process begins with the
recognition and definitton of the decision problem. Broadly defined. the decision
problem is a perceived difference between the desired and existing states of a
system. It is a "gap’ between the desired and cxisting states as viewed by a

decision maker {Malczewski, 1988).

Once the decision problem is identified, the spatial multicriteria analysis focuses on
the set of evaluation criteria {objectives and attributes). To be more specific, this
step involves specifying (1) a comprehensive set of objectives that reflects all
concerns relevant to the decision problem, and (2) measures for achieving thoso
objectives,  Such measures are called attributes. A measurable scale must be
established for each atiribute (Malczowski, 1999).
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An objective is a perspective that serves to guide the structuring of decision rules
(Eastman et al., 1993). The degree to which objectives are met, as measured by the
attributes, is the basis for comparing alternatives. The evaluation criteria are
associated with geographical entities and relationships between entities and
therefore can be represented in the form of maps. An evaluation criterion map is a
unique geographical attribute of the alternative decisions that can be used to
evaluate the performance of the alternatives. Evaluation criteria maps are also
referred to as attribute maps (or thematic maps or data layers in GIS terminology). A
constraint map displays the limitations on the value that attributes and decision
variables may assume. The process of generating alternatives should be based on
the value structure and be related to the set of evaluation criteria (Malczewski,
1999).

At this stage, the decision maker's preferences with respect to the evaluation criteria
are incorporated into the decision model. The preferences are typically expressed in
terms of the weights of relative importance assigned to the evaluation criteria under
consideration. Broadly speaking, the purpose of criterion (objective or attribute)
weights is to express the importance of each criterion relative to other criteria. The
derivation of weights is a central step in eliciting the decision maker's preferences.
Given the set of alternatives, attributes, and associated weights, the input data can
be organized in the form of a decision matrix or table (Malczewski, 1999).

The procedure by which criteria are combined to arrive at a particular evaluation, and
by which evaluations are compared and acted upon, is known as a decision rule.
Decision rules typically contain procedures for combining criteria into a single
composite index and a statement of how alternatives are compared using this index.
Choice functions provide a mathematical means of comparing alternatives. Since
they involve some form of optimization (such as maximising or minimizing some
measurable characteristic), they theoretically require that each alternative be
evaluated in turn. The actual process of applying the decision rule is called
evaluation (Eastman ef al, 1993). Eventually, the unidimensional measurements
(geographic data layers) and judgements (preferences and uncertainty) must be
integrated to provide an overall assessment of the altematives. This is
accomplished by an appropriate decision rule or aggregation function. It is the
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decision rules that dictate how best to rank alternatives or to decide which alternative
is preferred to another (Malczewski, 1999).

2.4 Species and area criteria

Limited resources dictate that choices must be made about where to focus control
efforts, and which species to select for control (Nel et al,, 2004a). But there is
debate about the options of treating all weeds within a specific site or concentrating
on treating priority weeds on all land/water on which they are found (Blood, 2002).
The New Zealand Department of Conservation makes a distinction between “weed-
led’ and “site-led” programmes. “Weed-led” programmes aim to minimize the
potential future impacts of invasive weeds by managing priority species before they
become a major problem. The term “weed-led” is used because such programmes
involve first selecting the species to be controlled and then determining where
control is required to meet the programmes objectives. “Site-led” programmes aim to
protect the natural values of priority areas from the existing or potential impacts of
invasive weed species growing within the area. The term “site-led” is used because
planning these programmes involve: first selecting high priority management units
based on their biodiversity values; then carrying out the weed control or other
activities necessary to protect the significant natural values of the management unit
(Owen, 1998).

Wilson et al. (1985), contend that where established weeds are to be considered, the
question of species-directed versus area-directed control is often irrelevant because:
(1) the weeds are very seldom mixed, occurring in more or less distinct stands; (2)
each invaded area presents different circumstances, requiring different approaches
to control, and (3) it is obviously desirable to clear invaded areas, rather than merely
remove one species at a time. The general aim in alien control should be to clear
area-by-area, but certain factors (e.g. species present, terrain, availability of
resources) may be limiting, so that in practice control may require to be species-
directed. Therefore, control should be area-directed, but because of practical and
financial constraints it may be limited, within areas, to being species-directed.
Control should also be integrated, to insure clearing of the whole areas and effective
control of each species. The only situation in which control should be entirely
species-directed is in the case of possible invaders that still occupy only small areas.
These may be controlled and possibly even eradicated by aiming control
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programmes at these particular species. Another species-directed situation is that of
biocontrol (Wilson et al., 1985).

Kiuge & Erasmus (1991) concurred by arguing that implicit in the species-based
approach is the idea that, starting at the top of a list of priorities, the status of each
alien invader species should, in turn, be permanently changed by a concerted control
programme. Experience, they contend, has shown that apart from a few highly
successful biological control programmes, this is not a realistic goal and that there is
also no precedent for the eradication of an alien invader plant species. They reason
that a more realistic goal therefore, is to aim to reduce all the alien invasive plants
within a well-defined unit of vegetation to a level where they do not present a
problem. This unit may be a paddock, a patch of natural forest or, uitimately, a
whole farm (Kluge & Erasmus, 1991). Cronk & Fuller (1995) also believe that in
some situations a geographically planned approach will be more suitable than a
species based one, especially where a variety of invaders are threatening localised

feserves.

However, van Wilgen et al. (in press) argue that the most successful operations in
the history of invasive alien plant control have been those that have targeted
species rather than geographic areas. Successful alien plant control operations
must be based on a sound understanding of the biology and ecology of the target
species, and control interventions should be aimed at the most vuinerable aspects of
the species’ life cycle. While the prioritization of areas for control intervention is
important, it is of equal importance that a means for prioritising species is also
developed, to guide policy and research (van Wilgen ef al., in press). Blood (2002)
agrees that both approaches have merit from the perspectives of conservation and
cost-effectiveness.

2.5 Species criteria

2.5.1 Current & potential extent (including rate of spread)

The Global Invasive Species Programme (GISP) toolkit of best prevention and
management practices for invasive alien species, contends that under the category
current and potential extent of the alien species, priorities are assigned to alien
species in order to first, prevent the establishment of new pest species, second,
eliminate small, rapidly-growing infestations, third, prevent large infestations from
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expanding, and fourth, reduce or eliminate large infestations. To do this, the toolkit

reasons that priorities should be assigned in the following sequence:

1.

Alien species not yet on the site but which are present nearby. Pay special
attention to alien species known to be pest elsewhere in the region.

Alien species present on the site as new populations or outliers of larger
infestations, especially if they are expanding rapidly.

Alien species present on the site in large infestations that will continue to expand.

4. Alien species present on the site in large infestations, which are not expanding.

You may have to learn to “live with” (i.e. mitigation) certain alien species or
infestations that you cannot control with available technology and resources.
However, keep looking for innovations that might allow you to control them in the
future (Wittenberg & Cock, 2001).

2.5.2 Current & potential impact

Under the category current and potential impact of the alien species, the Global

Invasive Species Programme (GISP) toolkit of best prevention and management

practices for invasive alien species, contend that the order of priorities should be

based on the management goals for the site. The following sequence is suggested:

1.

Alien species that alter ecosystem processes such as fire frequency,

sedimentation, nutrient cycling, or other ecosystem processes. These are alien

species that “change the rules of the game”, often altering conditions so radically

that few native plants and animals can persist.

Alien species that kill, parasitise, hybridise or outcompete natives and dominate

otherwise undisturbed native communities.

Alien species that do not outcompete dominant natives but:

e Prevent or depress recruitment or regeneration of native species; or

e Reduce or eliminate resources (e.g. food, cover, nesting sites) used by native
animals; or

e Promote populations of invasive non-native animals by providing them with
resources otherwise unavailable in the area; or

¢ Significantly increase seed distribution of non-native plants or enhance non-
native plants in some other way

Alien species that overtake and exclude natives following natural disturbances

such as fires, floods or hurricanes, thereby altering natural succession, or that

hinder restoration of natural communities. Note that alien species of this type
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should be assigned higher priority in areas subject to repeated disturbances
(Wittenberg & Cock, 2001).

2.5.3 Difficulty of control and establishing replacement species

Cronk & Fuller (1985) assert that control should be seen as the “art of the possible”
and no control measures should be taken against alien species whose control is
inherently impossible. They use the example of the Kruger National Park to show
that careful consideration of the invaders on a case-by-case basis is often revealing.
This protected area had 113 invasive plants species, of which 7 had serious
ecological impacts. A long-term strategy of control had succeeded in eliminating 10
species from the park and control was feasible for another 14. The other 82 plants
were either “out of control’ (and thus control is too expensive to contemplate), not
serious enough in their ecological impacts to merit control or regularly renewed from
outside the park (so control would be pointless) (Cronk & Fuller, 1995). This view
was supported by Wells ef al. (1986a) who declare that the importance of any weed
depends on three basic factors: its biological characteristics, the damage that it has
or could cause, and our ability to control it (Welis et al., 1986a).

The Global Invasive Species Programme (GISP) toolkit of best prevention and

management practices for invasive alien species, contends that under the category

difficulty of control and establishing replacement species, priorities should be
assigned in the following order:

1. Alien species likely to be controlled or eradicated with available technology and
resources and which desirable native species will replace with little further input.

2. Alien species likely to be controlled but will not be replaced by desirable natives
without an active restoration programme requiring substantial resources.

3. Alien species difficult to control with available technology and resources and/or
whose control will likely result in substantial damage to other, desirable species
and/or enhance other non-indigenous species.

4. Alien species unlikely to be controlled with available technology and resources.
Finally, pest species whose populations are decreasing or those that colonize
only disturbed areas and do not move into (relatively) undisturbed habitats or
affect recovery from the disturbance can be assigned the lowest priorities
(Wittenberg & Cock, 2001).
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2.6 Area criteria

2.6.1 Disturbance

“Environmental weeds”, are defined as invasive alien plants that impact on natural or
semi-natural (terrestrial and freshwater) ecosystems (Richardson, 2001). A natural
ecosystem is an ecosystem not perceptibly altered by humans, while a semi-natural
ecosystem is defined as an ecosystem which has been altered by human actions,
but which retains significant native elements (Shine et al., 2000).

“Agrestal or ruderal weeds" are defined as alien plants that dominate disturbed
areas, for example, where resource levels, altered through tillage, fertilization and
irrigation, provide environments suitable for invading species (Richardson et al,
1997). An agricultural habitat (including a forest plantation) is generally a highly
managed system that is extremely artificial, differing from most natural habitats in
terms of competition, nutrient levels, diversity, disturbance and composition (Cronk &
Fuller, 1995).

Many landowners and resource managers do not understand that weed problems
are often the result of human practices that have led to resource degradation. Such
practices include overgrazing, cultivation and disturbance of natural vegetation.
Natural occurrences, including fire and drought, may also contribute to the process
of degradation and may have a significant effect in already disturbed and fragmented
landscapes. In these situations, weeds are a symptom of the degraded state of land,
rather than the cause of that degradation. This lack of understanding often leads to
unsuccessful attempts at weed control, rather than rehabilitation of the resource; the
treatment of the symptom rather than the cause. Any direct weed control undertaken
in such circumstances will require repeated application and achieve only short-term
success (Commonwealth of Australia, 1999).

Because of the scarcity of resources available for conservation management and
restoration, some means of setting priorities for action need to be established. A
framework for this (Figure 2.7) was suggested by Hobbs & Humphries (1995), based
on the relative degree of disturbance of sites and their relative value in terms of
production or conservation. Four distinct regions can be recognized in which the type
of action required is fairly evident.
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In the bottom right of the diagram are sites of high value (as defined by the situation)
that are relatively undisturbed (given that few area are completely free from human
disturbance). Such sites are liable to be relatively free of invasion at present, and
thus the management objective should be to keep them that way. These sites should
be treated as “fortresses”, and management resources should be directed at
minimizing human-induced disturbance and the dispersal and establishment of
invaders (Hobbs & Humphries, 1995).

At the top right are sites of high value that are subjected to greater levels of
disturbance and that hence are more susceptible to invasion. The management
objective here should be to change these sites to high value and low disturbance by
reducing or removing the disturbing influence, controlling current invasions, and
preventing further invasion. Most control-related management activity should be
directed at such sites (Hobbs & Humphries, 1995).

in the bottom left of the diagram are sites of low value that are subject to little or no
management input. At the top left are sites of low value that are subject to high levels
of disturbance. Although these sites may be subject to rapid change and extensive
invasion, they should be regarded as a low priority for management action because
attempts to control invasions are unlikely to succeed. These four regions in the
diagram may have relatively clear management priorities, but the large area in the
middle represents areas where priority assessment is more difficult. The prevailing
trend is one of transition from the bottom right to top left as environmental
degradation becomes more widespread. Attempts to reverse this trend are liable to
be costly and time consuming, and the allocation of resources to these efforts must
be based on a rational, cost-benefit approach that takes into account factors such as
reversibility, ease of treatment, and likelihood of success. This ecosystem approach
to management of invasive plants needs to be placed in a regional context. For
instance, watercourses and riparian areas represent ecosystem types highly
vulnerable to invasion. Spread of aquatic and riparian weeds often occurs by
transport of seeds downstream. Any control program should therefore concentrate
on the upper parts of a catchment first so that control areas are not reinvaded from
upstream. Similarly, although a particular area may have relatively low value per se,
it may be important in a regional context, and treatment of invasion problems may be
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necessary to minimize spread into adjacent areas of higher value (Hobbs &
Humphries, 1995).
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Figure 2.7 Framework for setting priorities for action (after Hobbs & Humphries,
1995).

2.6.2 Value of habitats/areas

For value of the habitats/areas the species actually or potentially infests, priorities

should be assigned in the following order:

1. Infestations that occur in the most highly valued habitats or areas — especially
areas that contain rare or highly valued species or communities and areas that
provide vital resources.

2. Infestations that occur in less highly valued areas. Areas already badly infested
with other pests may be given low priority unless the species in question will
make the situation significantly worse (Wittenberg & Cock, 2001).

Much of the discussion of ecological effects of invasive alien plants has been purely
anecdotal in nature as demonstrated by the following list of 7 major effects
repeatedly used by Versfeld & van Wilgen (1986); Cronk & Fuller (1995); Richardson
et al. (1997) and Van Wilgen & van Wyk (1998):
e replacement of diverse systems with single- (-or mixed) species stands of
aliens
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o plant extinction

¢ alteration of soil chemistry

o alteration of geomorphological processes
¢ alteration of the fire regimes

¢ alteration of hydrology

e destruction of riparian habitat.

Only recently have attempts been made to describe these effects in terms of
biodiversity and ecosystem services (Richardson & van Wilgen, 2004). The term
biodiversity refers to genes, species (plants and animals), ecosystems, and
landscapes, and the evolutionary processes that allow these elements of biodiversity
to persist over time. South Africa’s biodiversity provides an important basis for
economic growth and development. Keeping our biodiversity intact is also vital for
ensuring ongoing provision of ecosystem services. Loss of biodiversity puts aspects
of our economy and quality of life at risk, and reduces socio-economic options for
future generations. People are ultimately fully dependent on living, functioning
ecosystems and the services they provide. Loss of biodiversity leads to ecosystem
degradation and subsequent loss of important species, which tends to harm the rural
poor more directly — poor people have limited assets and are more dependent on
common property resources for their livelihoods, while the wealthy are buffeted
against loss of ecosystem services by being able to purchase basic necessities and
scarce commodities. Our path towards sustainable development, poverty reduction
and enhanced human well-being for all, is therefore dependent on how effectively we
conserve biodiversity within the 9 broad priority areas for conservation action (Figure
2.8) (Driver et al., 2005). The Millennium Ecosystem Assessment (2005) report
makes it clear that human well-being depends on four types of ecosystem services
flowing from natural capital (i.e. the Earth’'s non-renewable and renewable
resources). Two of these pertain to invasive alien plants

e Supporting services (needed by all the others); that include soil formation,

nutrient and water cycling, and primary production
e Provisioning services; that yield food, water, firewood, timber, fibre, and
genetic material.

The South African government's policy regarding invasive alien plants and
biodiversity, is to develop control and eradication programmes, based on a priority-
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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 envircnimental costs and benefits

derived from using and removing identified organisms (RSA, 1957a).

Although the preservation of the nation’s biodiversity 15 well recognized by the YW
Frogramme 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 alsc meet the bicdiversity 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,

Bicdiversity planners consider invasive alien plant invasion a form of habitat
degradation. The 1896 National Land Cover database {Fairbanks ef al, 2000}
classified 6% of the country as “degraded” but the mapping of this is not considered

consistent acrass the countty (Rouget ef af, 20045).
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Figure 2.8 The 9 broad priority areas for conservation action (Driver at af | 2005).



The South African government's policy regarding invasive alien plants and water
utilization and censervation, 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 5% of the total rainfall, with 91% of all precipitation evaporating again,
This compares poorly with the warld average runoff ratio to rainfall of 35% (Schulze
ot al,, 1997). The country has no natural lakes and few aguifers, 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. |n South Africa, about 40% of rivers are seasonal.
Aithough the rivers in the eastarn part of the country are relatively short, tagether
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 s0 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 transier schemes, like the Tugela-Yaal Scheme and
the Lesotho Highlands \Water Project, pipe water between catchments to supply

large urban populations. agriculture and industry.

Integrated catchment management has hrought an ecological perspective to bear on
the management of fresh water rescurces. The National Water Act (RSA, 1598,
vigws fresh water as part of an ecosystemn, not simply a resource independent of its
environment ta be exploited by the most efficient means possible. The law reqguires
pravision of what i5 known as the ecological reserve — sufficient stream flow to
suppart aquatic plants and animals and ensure continuity of ecological processes. In
the mare arid parts of South Africa where most rivers are ephemeral and flow only
after rain, many pecple rely on underground water from aquifers to supply their
domastic and agriculturat needs. Groundwater accounts for 15% of water used in
South Africa, and supplies about 280 towns and villages. Almost 80% aof the ground
water supply is used for irigation {(Hoffman & Ashwell, 2001). Water is a key limiting

resource tn South Africa, in terms of economic growth and meeting basic human
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needs. The conservation of water catehments in a good ecological state {i.e. with

natural vegetation) is crucial to water quality and guantity {Rouget et ai., 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 13 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 prencunced
throughout most of the country, with the rainy seascn coinciding with the summer
growing season for most of the country, with the excepticn of the winter-rainfall area
which encompasses mast of the fynbos biome. Total annual runoff can be divided
into two main compeonents: low flows and high flows. Both components are vital to
the ecological functioning of rivers. the maintenance low flows securing the habitat of
aguatic organisms, and the high flows {floods) providing a scouring function which
maintains the physical characteristics of the river system. Runoff may be captured in
dams ranging from large-scale reservoirs to small farm dams, or may be abstracted
directly from rivers {using pumps and weirs) or from groundwater (with borehcles
and windmills).  All of these methods of water supply arc uscd for agriculturc,
Industrial needs are met almost entirely from large-scale reservoirs, and domestic

supplics arc mostly from large schemes and boreholes (Marais et af . 2001).
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Figure 2.9 Mean annual runoff per guaternary catchment
(graduated colour classified by 5 natural breaks) (Midglay et af., 1994)
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Figure 2.10 Mean annual precipitation per quaternary catchment
{graduated colour clagsified by 5 natural breaks) (Midgley et af., 1994)
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Seasonal and inter-annual variability of rainfall has an impoertant effect on the water
supply of a catchment. In large schemes, resemnvoir levels are filled mostly by high
flows during the rainy seascn, and replenishment during high rainfalt 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 runoft
wauld 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 ta a point). Note that the decreased capacity of large
dams to supply water needs may alse arise from sedimentation due to excessive
erosion in the catchment, or from increased water demands, as well as fram
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 mast 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 ef al., 2001).

Le Maitre et af. {2000) calculated the incremental water use (i.e. the additionat water
use compared with the natural vegetation) using the following equaticn: Water use
(mm) = 0.0238 x biomass {g/m”) 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 totai water use, by volume, is
accounted for by alien invaders in the Western Cape, followed by KwaZulu-Natal
(17%), the Eastern Cape (17%) and Mpumalanga (14%}. The greatest reduction, as
a percentage of mean annual runoff, was found in the arid Narthermn Cape (17%),
followed by the Western Cape (15%) and Gauteng (10%) {Le Maitre ef af, 2000).
Howevar, the MNational Water Resources Strategy gives the estimate at 1,400 m°
(Gérgens & Van Wilgen, 2004).
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The South African government’s palicy an invasive alien plants and agriculture 1s to
provide assistance and law enforcement for the appropriate management of the

natural agricultural resources (R5A, 1895),

Hoffrman & Ashwell {2001} conducted an assessment of the contrnibution te veld
degradation by invasive alien plants using mapping by workshop participants at
magisterial district scale (Figure 2.11). Rural poverty. histarical land distribubion
policies and inappropriate land use practices have resulted in veld degradation being
the most severe in communal areas. The most widespread veld degradation prablem
in South Africa is change in the compasition of plant species. In many communal
areas loss of plant cover is a problem. Bush encrgachment and alien plants are
generally mare of a problem in commercial farming areas. Although the communal
areas are in greatest need of government support to combat land degradation, it is
the commercial farming areas that currently contribute mast to South Africa’s food
secutity. Bul the expert knowledge nature of this data was considerad too subjective

for this study.
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Figure 2.11 The 213 of the total of 367 magisterial districts in South Africa where
the contribution to veld degradation by invasive alien plants
is considered a priarity (Hoffman & Ashwell, 2001).
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in summary, the literature recommends that prioritisation for invasive alien plant
control should consist of species and area criteria using spatial multi-criteria decision
analysis. The criteria for species should be based on available suitable data on
species extent and impact. The criteria for area should be based on available
suitable data on biodiversity and ecosystem services. The two major ecosystem
services that pertain to invasive alien plants are the provisioning service of water

yield and the supporting service of primary production.
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3. METHODS

The methods used were ESRI's (2002) ArcView Version 3.3 GIS software including
the “Geoprocessing”, “JPEG (JFIF) Iimage Support’ and “Projection Utility Wizard”
extensions. All shapefiles were analysed in the Geographic co-ordinate system with
Decimal Degree map units and WGS84 spheroid. Where areas had to be calculated,
shapefiles were projected into the Transverse Mercator planar co-ordinate system
and analysed with the “calcapl.ave” script. Use was also made of Microsoft's Access
& Excel Version 2000 database and spreadsheet software and the “Analysis
ToolPak” statistical data analysis “Add In” tool.

A list of the materials used is summarised in Table 3.1.

Table 3.1 Summary table of spatial data used in this study

Data
Quatemary catchments

Solrce
Midgley et al., 1994

Spatial Scale
1:50,000

Southem African Plant
Invaders Atlas (SAPIA)

Henderson ef al.,
1998

Quarter degree square (15'
latitude x 15' longitude)

Transformed landcover

Fairbanks et al., 2000

1:250,000

Threatened terrestrial Rouget ef al., 2004b 1:50,000
ecosystems

Threatened river Nel et al., 2004b 1:50,000
ecosystems

Water yield balance DWAF, 2004 1:250,000
Primary productivity Schulze et al., 1997 1:250,000

3.1 Systematic prioritisation (A)

Dataset A was analysed using a spatial-multi-criteria analysis approach
(Malczewski, 1899). The type of decision in this study is one of selection (i.e. a
decision about alternative features to include in a set). Decisions needed to be made
that satisfied several objectives that were complementary. Multi-objective decisions
can often be solved through a hierarchical extension of the multi-criteria evaluation
process (Eastman ef al., 1993). The procedure used in this study for the multi-criteria
evaluation is weighted linear combination (i.e. each factor is multiplied by a weight
and then summed to arrive at a final composite index).
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The decision problem goal of this study is the identification of areas where
opportunities to meet individual goals for invasive alien plant control are synergistic.
The (multiple) objectives in this study are to prioritise by species and area criteria.

The (multiple) attributes chosen for this study are:
¢ Range of terrestrial, transformer species.
e Abundance of terrestrial, transformer species.
o Effect of terrestrial, transformer species.
o Disturbance.
o Terrestrial biodiversity value.
o River biodiversity value.
o Water resource value.

o Natural agricultural resource value.

Each of these attributes is explained and discussed in the sections that follow.

3.1.1 Choice of species

The species were selected from a recently developed list of 117 major invasive alien
plant species which are defined by Nel et al. (2004a) as species that have aiready
had a substantial impact on natural and semi-natural ecosystems in South Africa,
that are likely to constitute the prime concern for managers, and projects aimed at
their control should receive the largest proportion of funding over the next few
decades.

A subset of major invasive alien plant species are the transformers, taxa that have
clear ecosystem impacts. These species have a high impact, as they “change the
character, condition, form or nature of ecosystems over a substantial area relative to
the extent of that ecosystem”. It is these species, comprising perhaps only about
10% of invasive species, that have profound effects on biodiversity and that clearly
demand a major allocation of resources for control (Richardson, 2001; Holmes et al.,
2003). They are of principal concern to managers (Richardson & van Wilgen, 2004).
Transformers are plants that can as monospecies dominate or replace any canopy
or sub-canopy layer of a natural or semi-natural, thereby altering it structure, integrity
and functioning (Swarbrick, 1991). The most serious environmental weeds are in this
group, which includes (terrestrial) trees, aggressive climbers, thicket —forming shrubs
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and dense herbs (Henderson, 2001). Van Wilgen ef al. (2001) use two categories of

invaders: “discrete-trait invaders” (DTls) and “continuous trait invaders” (CTls). DTls

add a new function, such as nitrogen fixation, to the invaded ecosystem, whereas

CTls differ from natives only in traits, such as litter quality or growth rates, that are

distributed continuously among species. Results from several parts of the world

show that DTls generally have greater ecosystem-level impacts than CTI's, although

the latter can also bring about such changes, especially if they make up a large

proportion of an ecosystem’s biomass. The most dramatic effects of alien plants in

South African systems have clearly been from DTls.

Of the 69 transformer species listed in Henderson (2001) the following were

excluded from this study:

5 because of their aquatic habitat: Azolla filiculoides, Eichhornia crassipes,
Myriophyllum aquaticum, Pistia stratiotes, Salvinia molesta.

8 owing to their status as emerging weeds, which as opposed to major weeds
currently have a lower impact on natural and semi-natural ecosystems in
South Africa (i.e. a lower product of range, abundance and effect) and are
currently afforded lower priority in management (Nel at al.,, 2004a):
Cinnamomum  camphora, Eucalyptus grandis, WNasella (tenuissima,
Nephrolepis exaltata, Pereskia aculeata, Pennisetum purpureum, Pinus
faeda, Rosa rubiginosa.

The final list of 56 species (Appendix 1) was compared with 6 other lists of high

impact species. These were:

Wells et al. (1986Db) lists 43 (terrestrial) transformer invasive alien species
Richardson ef al. (1997) lists 80 (terrestrial) important environmental weeds
Versfeld ef al. (1998) lists 40 species considered to be significant water users
Robertson et al. (2003) lists 56 prioritised (terrestrial) species

Holmes et al. (2003) lists 29 fast-spreading/ transformer species

Nel et al. (2004a) lists 111 (terrestrial) major invaders

Because impact of invasive alien species is defined as the product of a species’

range, abundance and per capita effect (Parker ef al, 1999; Richardson & van

Wilgen, 2004) a coverage for each of these components was created. But because

Parker et al. (1999) concede that the linear way the equation has been formulated is
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probably a gross oversimpilification, | defined impact as the sum of a species’ range,
abundance and per capita effect.

3.1.2 Range of terrestrial, transformer species

The most comprehensive set of range records for the whole country is the SAPIA
database (Henderson, 1998; Richardson & van Wilgen, 2004). This atlas comprises
nearly 50,000 invasive alien plant records for more than 500 species, incorporating
records from roadside surveys carried out between 1979 and 1993, and the SAPIA
project (1994-1998), as well as records collected on an ad hoc basis from 1999
onwards (Henderson 1998; Nel ef al. 2004a). Records are entries that note the
presence, and abundance, of a species in quarter-degree square grid cells (15'
latitude x 15' longitude).

Each species was queried in the SAPIA MSAccess database, those recorded as
present exported into an MSExcel spreadsheet and added as a field in the attribute
table of coverage of quarter-degree square grid cells. A new field was created and
the count of all species recorded per quarter-degree square grid cell calculated. The
coverages for quarter-degree square grid cells containing the number of species
present data and quaternary catchments were overlaid to create a new theme
containing the features and attributes of both. Then a summary table was created
using the quaternary catchment field and the maximum number of species that were
recorded as present in overlapping quarter-degree square grid cells.

A limitation of the data is the re-scaling of the data in that the number of species per
quarter degree square was assumed to occur throughout the quarter degree square
and was allocated to each quaternary catchment polygon intersecting that quarter
degree square. There are 1,810 quarter degree squares and 1,825 quaternary
catchments, respectively, that have their centres in the boundaries of South Africa.

3.1.3 Abundance of terrestrial, transformer species

The only systematic source of data on species abundance also comes from the
SAPIA database (Henderson, 1998), which records the abundance of species as
“rare” (one sighting of one or a few plants), “occasional” (a few sightings of one or a
few plants), “frequent” (many sightings of single plants or small groups), “abundant”
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(many sightings of clumps or closed stands) and “very abundant” (forming extensive
stands) (Richardson & van Wilgen, 2004; Nel et al., 2004a).

Each species was queried in the SAPIA MSAccess database, those recorded as
“very abundant” or “abundant” exported into an MSExcel spreadsheet and added as
a field in the attribute table of a coverage of quarter-degree square grid cells. A new
field was created and the sum of all species recorded per quarter-degree square grid
cell calculated. The coverages for quarter-degree square grid cells containing
abundance species present and the quaternary catchments were overlaid to create a
new theme containing the features and attributes of both. Then a summary table was
created using the quaternary catchment field and the maximum number of species
that were recorded as present in overlapping quarter-degree square grid cells.

A limitation of the data, apart from the re-scaling assumption, is that records where

the species was recorded as “rare”, “occasional” and “frequent” were omitted in an
effort to place the emphasis on the most abundant species.

3.1.4 Effects of terrestrial, transformer species

The development of an understanding of environmental effects of invasive alien
plants would be extremely useful. Unfortunately, no standard system exists for the
objective quantification of the many and varied environmental effects of invasive
alien plants worldwide. As in other parts of the world, effects of plant invasions in
South Africa have been measured in numerous ways, making comparisons between
biomes within a region, or with other regions or countries, difficult. Many descriptions
of impacts are anecdotal or correlative (comparing invaded sites with uninvaded
sites, or comparing one site at different times), or are based on the performance of
the invader in other parts of the world. Very few detailed studies, and no
manipulative experiments, have been done to determine the magnitude,
mechanisms of effects, and implications of effects of invasive alien plants in South
Africa. Nevertheless, some conclusions can be drawn as to the types and
magnitudes of effects caused by the most important plant invaders (Parker ef al.,
1999; Van Wilgen et al., 2001 Richardson & van Wilgen, 2004).

Data on the effects of species were collected from literature and assigned to one or
all of three categories: “ecological effect’, “hydrological effect’ and/or “agricultural
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effect” (APPENDIX 1). Species assigned to the “ecological effect’ category were
those catalogued by Wells et al. (1986a) as being a conservation “kind of weed".
Species assigned to the “hydrological effect” category were those listed by Versfeld
et al. (1998) as “significant water users” or included by Van Wilgen ef al. (2001) as
having an effect that “decreases streamflow”. Species assigned to the “agricultural
effect” category were those listed by Hoffman & Ashwell (2001) as having an “effect
on agricultural production” or catalogued by Wells ef al. (1986a) as being a “pastoral
(natural)” “kind of weed”. Although most alien invasive plants occur in natural
pastures, they were not considered by Wells ef al. (1986a) to be “pastoral (natural)”
weeds unless they were considered to interfere with the pasture industry by having
one or more of the following undesirable characteristics: replacing preferred
vegetation (grass), (more palatable element), poisonous, tainting (milk), (meat),
unpalatable, irritant (skin), sticky (fruit), thorny (fruit), contaminant (fodder), (wool),
causing physical injury, obstructive (access), (digestion) etc.

Each species recorded in APPENDIX 1 as having three effects was added in the
attribute table of a coverage of quarter-degree square grid cells where that species
was also recorded as being present. A new field was created and the count of all
species recorded in a quarter-degree square grid cell calculated. The coverages for
quarter-degree square grid cells containing the number of species with 3 effects
were overlaid with quaternary catchments to create a new theme containing the
features and attributes of both. Then a summary table was created using the
quaternary catchment field and the maximum number of species.

A limitation of the data, apart from the re-scaling assumption, is that the following 8
terrestrial, transformer species had no documented effects in the above literature:
Campuloclinium macrocephalum, Cardiospermum grandiflorum, Hedychium
coccineum/gardnerianum, Hedychium coronarium/fflavescens, Ipomoea alba/indica,
Litsea glutinosa, Macfadyena unguis-cati and Salix fragilis. Also species having only
one or two effects were omitted in an effort to place the emphasis on species with
the most effects. However, a larger number of effects does not necessarily mean a
greater overall effect of the species concerned. Although the Parker ef al. (1999)
model assumes that the individual contributions of the range, abundance and effect
are all multiplicative, Le Maitre ef al., (in prep.) argue that the data needed to
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substantiate this are lacking and adopted a conservative approach that assumed that
the characteristics contributing to the effect scores are additive.

3.1.5 Disturbance

A total of 16% (13.5% cultivated, 1.5% forest plantation, 1.1% urban and 0.1% mines
& quarries) of South Africa has been transformed and 6% degraded (Fairbanks et
al., 2000).

Areas where natural habitat has been irreversibly lost as a result of various types of
land use were identified using the 1996 National Land Cover database (Fairbanks ef
al., 2000) as the 2000 National Land Cover database was not available at the time of
writing. The 1996 National Land Cover database was derived from the interpretation
of 1996 LANDSAT 5 TM satellite imagery and was released in 2000. The 1996
National Land Cover database has 31 landcover classes. The following 12 landcover
classes were selected and converted to a separate shapefile of “untransformed”
areas: Forest & Woodland, Forest, Thicket & bushland, Shrubland and low Fynbos,
Herbland, Unimproved grassland, Dongas & sheet erosion scars, Degraded: forest
and woodland, Degraded: thicket & bushland, Degraded: unimproved grassland,
Degraded: shrubland and low Fynbos, Degraded: herbland.

Both the “untransformed” areas and quaternary catchments coverages were overlaid
to create a new theme containing the features and attributes of both. Then, this new
theme was projected into planar co-ordinates, the areas updated and re-projected
into geographic co-ordinates. Lastly, a summary table was created using the
quaternary catchment field and the sum of untransformed areas. Then a new field
was created and the percentage of untransformed area per quaternary catchment

calculated.

A limitation of the data is that the “degraded” classes were included as
“untransformed”. This was done because the mapping of “degraded” classes was not
considered consistent across the country by Rouget ef al. (2004b). Also, we know
that further loss of natural habitat has taken place since 1996, particularly in some
areas of KwaZulu-Natal and the Western Cape. Thus this layer represents an
underestimate of irreversible loss of natural habitat (Rouget et al., 2004b).
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3.1.6 Terrestrial biodiversity value

The identification of conservation priorities, at a vegetation type level, should at least
take into consideration the following factors: plant species diversity and turnover,
habitat transformation and current protection levels. Ecosystem status takes into
account the first two, species diversity and turnover (through biodiversity targets),
and habitat transformation. Ecosystem status aims at identifying threatened
ecosystems (here vegetation types). It is based on the classification scheme
developed by IUCN to categorise species into, among other categories, “critically
endangered”, “endangered”, and “vulnerable” species (Rouget ef al., 2004b).

Focusing conservation efforts on threatened species is crucial for maintaining
biodiversity. However, conserving the natural habitats and functioning ecosystems in
which species occur will ensure species persistence. The identification of threatened
ecosystems aims to address this. The recognition of threatened ecosystems by
international organisations such as IUCN and national governments could prove to
be a powerful conservation tool. It is envisaged that specific land-use restrictions will
be applied in threatened ecosystems.

Although the Biodiversity Act in South Africa (RSA, 2004) allows for the listing of
threatened ecosystems, no standard approach for identifying them has been
suggested. The approach used by Rouget ef al. (2004b) focuses on the retention of
ecosystem functioning (such as pollination, nutrient cycling) and plant species
diversity at the landscape scale. Rouget ef al. (2004b) made use of the Mucina &
Rutherford (2004) vegetation map consisting of 441 vegetation types and 17,809
polygons in South Africa, Lesotho and Swaziland. The area of the vegetation types
ranges from 21 ha to 4,982,132 ha. This map is the best attempt to map vegetation
patterns at a relatively fine scale for South Africa, Lesotho and Swaziland. It is a
considerable improvement on the previous vegetation map available (Low & Rebelo,
1996), which identified only 69 vegetation types at a much coarser scale. These
vegetation types were classified based on the extent of remaining area (currently not
transformed) of each vegetation type in relation to its biodiversity target. Rouget ef
al. (2004b) recognise that this approach is simplistic and that many other factors
should be taken into account (such as habitat degradation), but that this represents
the first attempt towards deriving an objective and defensible method for the
identification of threatened ecosystems.
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e “Critically endangered” vegetation types have been transformed to such an extent
that the remaining habitat is less than that required to represent 75% of species
diversity (i.e. the biodiversity target); in other words, one would expect species
loss to take place in such vegetation type.

o “Endangered” vegetation types have lost more than 40% of their original extent
and are exposed to partial loss of ecosystem function.

o “Vulnerable” vegetation types have lost more than 20% of their original extent,
which could result in some ecosystem functions being altered.

o No significant disruption of ecosystem functioning is assumed in “least
threatened” vegetation types, which still have more than 80% of their original
extent untransformed.

Of the 438 vegetation types classified (lagoons and lake systems were ignored) 21
(5%) were “critically endangered”, 58 (13%) were “endangered”, 70 (16%) were
“yulnerable", and 289 (66%) were not threatened. Of the “critically endangered”
vegetation types, 14 are in the fynbos biome, five are in the forest biome, one is in
the grassland biome, and one is a wetland vegetation type.

All “critically endangered” and “endangered” vegetation types were selected from the
Rouget et al. (2004b) coverage and converted to a new shapefile. Then, this new
shapefile and the “transformed” areas coverages were overlaid to create a new
theme containing the features and attributes of both. Next, all “untransformed”,
“critically endangered” and “endangered” vegetation types were selected and
converted to a new shapefile. Then, this new shapefile was projected into planar co-
ordinates, the areas updated and re-projected into geographic co-ordinates. Lastly a
summary table was created using the quaternary catchment field and the sum of
untransformed, critically endangered and endangered vegetation types. Then a new
field was created and the percentage of untransformed, critically endangered and
endangered vegetation types per quaternary catchment calculated.

A limitation of the data is that vegetation types classified as “vulnerable” or “least
threatened” were omitted in an effort to place the emphasis on the most endangered
vegetation types. A limitation of the threatened ecosystems approach is that it could
be argued that ecosystems that have lost greater than 75% of their original natural
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habitats should not get the highest priority, and that a focus on ecosystems that are
more intact would be a better option for the conservation of biodiversity. Relatively
intact systems would arguably harbour more valuable biodiversity than less intact
systems, and should therefore be assigned a higher priority. The rationale for placing
a higher priority on ecosystems that have experienced a high degree of habitat loss
is related to the goal of achieving targets with regard to biodiversity conservation. In
South Africa targets have been set to conserve a representative sample of each
ecosystem (Driver ef al., 20086). If such targets are to be achieved, then it would be
necessary to place a higher priority on those systems where a high degree of loss
had already been experienced, and where the options for conservation of what

remains are limited.

3.1.7 River biodiversity value

For identifying threatened river ecosystems, the approach used by Nel ef al. (2004b)
focuses on the retention of ecosystem functioning (such as trophic interactions and
nutrient cycling) and aquatic species diversity at the landscape scale. River
conservation status was derived based on the extent of remaining intact (natural or
near-natural) river length of each river heterogeneity signature in relation to its
biodiversity target. These signatures were derived from geomorphological and
hydrological characteristics (including flow variation and baseflow). Aithough the
approach adopted by Nel ef al. (2004b) is very simplistic and many other factors
need to be taken into account (such as connectivity), it represents the first attempt
towards deriving an objective method for the identification of threatened riverine
ecosystems.

Focusing conservation efforts on threatened species is crucial for maintaining
biodiversity. However, to ensure species persistence, it is crucial to conserve the
natural habitats in which these species occur. The identification of threatened
ecosystems is aimed at addressing this need. The recognition of threatened
ecosystems by national government could prove to be a very powerful conservation
tool, since it is envisaged that specific land use restrictions will be enforced in
threatened ecosystems. From a river policy and management perspective, it would
be even more powerful if future approaches were able to match the threatened
ecosystem classes (critically endangered, endangered, vulnerable and least
threatened) with the water classification classes (e.g. natural, moderately impacted,
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heavily impacted and unacceptably degraded). This will facilitate the integrated
management of South Africa’s threatened terrestrial and aquatic natural resources.

The approach to identifying the conservation status of ecosystems is based on the
loss of integrity and the subsequent loss of habitat in each ecosystem, relative to two
thresholds: one for maintaining healthy ecosystem functioning, and one for
conserving the majority of species associated with the ecosystem. As river integrity
is eroded and habitat is lost in an ecosystem, its functioning is increasingly
compromised, leading eventually to the collapse of the ecosystem and to loss of
species associated with that ecosystem.

River heterogeneity signatures were combined spatially with river integrity data to
calculate the intact length of each river heterogeneity signature. Intact length was
compared to the total length of each river heterogeneity signature to derive
conservation status categories of each signature, where:
o “Least threatened” river heterogeneity signatures have an intact length 2 60%
of their total length;
e “Vulnerable” river heterogeneity signatures have an intact length 2 40% of
their total length;
o “Endangered” river heterogeneity signatures have an intact length 2 their
conservation target (in this case, 10% of their total length);
o “Critically endangered” river heterogeneity signatures have an intact length
below their conservation target (in this case 10% of their total length);

“Critically endangered” ecosystems have lost so much of their original natural habitat
that ecosystem functioning has broken down and species associated with the
ecosystem have been lost or are likely to be lost. “Endangered” ecosystems have
lost significant amounts of their original natural habitat, so their functioning is
compromised. “Vulnerable” ecosystems have lost some of their original natural
habitat, and their functioning will be compromised if they continue to lose natural
habitat. “Least threatened” ecosystems have lost only a small proportion of their
original natural habitat, and are largely intact (although they may be degraded to
varying degrees).

54



Of South Africa’s 120 individual river signatures, 44% were assessed, in terms of
habitat loss, as being “critically endangered”, 27% as “endangered”, 11% as
“vulnerable”, and 18% as “least threatened” (Nel et al., 2004).

All “critically endangered” and “endangered” rivers were selected from the Nel ef al.
(2004b) coverage and converted to a new shapefile. Lastly, a summary table was
created using the quaternary catchment field and the sum of critically endangered
and endangered rivers. Then a new field was created and the percentage of critically
endangered and endangered rivers per total length of mainstem rivers occurring in
the quaternary catchment calculated. All rivers were at the same spatial scale and
deemed to have undergone similar generalization.

A limitation of the data, apart from the threatened ecosystems approach, is that
rivers classified as “vulnerable” or “least threatened” were omitted in an effort to
place the emphasis on the most endangered river ecosystems.

3.1.8 Water resource value

in Appendix D of the National Water Resource Strategy (DWAF, 2004) water
management areas were divided into 87 sub-areas to enable improved
representation of the water resources situation in the country and to facilitate the
applicability and better use of information for strategic management purposes.
Delineation of the sub-areas was based on practical considerations such as the size
and location of sub-catchments, the homogeneity of natural characteristics, the
location of pertinent water infrastructure such as dams, and economic development.

Fresh water results from precipitation in the form of rain, fog, hail and snow. Water
that can potentially be abstracted for use runs off the land surface to appear in
streams and lakes, as well as infiltrating to become groundwater. In natural
equilibrium, that is, before interference by humankind, the water that is seen on the
land surface is the integrated result of surface and groundwater. The total quantity of
surface flow which is the average annual runoff originating from a certain geographic
area is referred to as the mean annual runoff (MAR).

Water that can reliably be withdrawn from a water source at a relatively constant rate
is referred to as the yield. Owing to the erratic and unreliable nature of river flow in
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South Africa, only a small portion of the MAR is available as yield in its natural
unregulated state. By storing water during periods of high flow for abstraction when
natural stream flows are lower, the yield is increased.

As indicated above, surface water and groundwater form part of the same hydrologic
continuum — the hydrological cycle - and merely represent different manifestations of
water in its natural state. Abstraction of groundwater therefore generally does not
represent an additional source to surface water. However, groundwater does offer an
alternative means of accessing the water resource and has the advantage of wide
geographic availability and, typically, a smaller temporal variation than surface water.
The combined use of surface and groundwater increases the proportion of water
available as practical usable yield.

For the purposes of the NWRS, available water is defined as the total quantity of
water that can be available for practical application to desired uses. It includes the
yield from surface water and groundwater, as well as return flows from the non-
consumptive use of water and water transferred from one catchment to another. The
quantity of available water further depends on the location of use and the assurance
of supply at which it is required, while the quality of water in relation to the quality
requirements for particular uses has a direct bearing on the usability of the water. In
the NWRS all yields and requirements have been standardised at a 98 per cent
assurance of supply, that is, a risk of some level of failure during two out of 100
years on average. Actual water allocations must, however, take into account the
required assurance of supply for specific uses.

In contrast to domestic and economic uses of water, where relatively constant
availability is required, unregulated flows are preferred for ecological purposes, as
these display the natural variability to which ecosystems have adapted. Water to
meet ecological requirements is required to remain within the water body and is
therefore not regarded as water that is available for other uses. In highly regulated
systems the unregulated portion of streamflow that remains after other uses have
been satisfied may not be sufficient to meet the requirements for the ecological
component of the Reserve. These flows will then have to be augmented from the
yield, which will result in a corresponding reduction of the water available for other
purposes.
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Water deficits exist in more than half of the water management areas in South Africa
although the results of the National Water Resource Strategy show that a surplus still
exists for the country as a whole.

A coverage of the water yield balance per quatemary catchment was created by
dividing the quaternary catchment coverage into the 87 sub-areas (shown in the
hardcopy maps of Appendix D of the National Water Resource Strategy (DWAF,
2004). These corresponded largely to the secondary water catchments. Then the
figures provided in the water yield balance columns of Appendix D of the National
Water Resource Strategy (DWAF, 2004) were captured per sub-area.

A limitation of the data is the assumption that water yield balance was distributed
evenly among all quaternary catchments that were contained in each of the 87 sub-

areas polygons.

3.1.9 Natural agricultural resource value

Primary productivity can be expressed as the harvestable yield in tons per hectare at
a specific location for a complete growing season. The original concept is based on
the combination of rainfall, evaporation, vegetation and soil characteristics. Primary
productivity gives an indication of the ability of the land to produce crops or the ability
of the natural biomes to produce vegetation essential to sustain game, cattle, sheep
or goats. It is therefore a very important factor in the quest for sustainable use of the
environment and economic activity (Schulze et al., 1997).

The Schulze et al. (1997) coverage of primary production was sourced from the
Environmental Potential Atlas for South Africa (ENPAT) (van Riet of al.,1997).

The coverages for primary production and quaternary catchment were overlaid to
create a new theme containing the features and attributes of both. Then, a summary
table was created using the quaternary catchment field and primary production units.

A limitation of the data is the assumption that primary productivity was distributed
evenly among all quaternary catchments that were contained in each of the 94
primary production polygons.
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3.1.10 Systematic prioritisation compaosite

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 WW
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 attribyte}, each attribute was weighted
equally by multiplying it by the factor 0.125 (1/8} and combined into a composite
index (WIW, 2004b).
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Figure 3.1 The decision rule for this study using the analytic hierarchy process
method
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Figure 3.2 The & criteria that were weighted and combined to make up the systematic
prioritisation composite (individual composites shown in chapter 4)
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3.2 WIW prioritisation (B)

ViYW aperational project expenditure is defined as the annual expenditure on wages,
herbicide, transport, personal protective equipment and eguipment & consumables
costs that are directly attributed to a WHY project as opposed to the annual
management expenditure which includes management salaries & transport, training
& social development, hinlogical control and mapping costs and cannot be directly
attributed to a WYY project. WHAY operational project expenditure accounts for about
70% of WHW total expenditure (Marais af al, 2004}, An annual aperational project
expenditure amaunt in 20068 Rands was exiracted fram the 4th guarter 2005/6
Expanded Public Warks Pragramme {EPWP) Monitoring an Evaluation spreadsheet
(OPW, 2006) per WHY project.

The boundaries of each WAW project were extracted from the Working for Water
information Management System (WIMS) and merged to create a national coverage
af all WY projects. The attribute table of the coverage of all WA projects was then
populated with the annual operational project expenditure amaount in 2006 Rands.
Where a WW project did not follow quatermary catchment boundaries, the
quaternary catchments that “intersect” these WY projects weare selected and added

to the coverage of all WW projects.

A limitation of this data is that where a WMW project included more than one
quaternary catchment it was assumed that the expenditure was evenly distributed
amang  all gquaternary catchments Included.  Also, using operational  project
expenditure as an indicator of “invested rescurces” is that it does not account for
differences in species and workload, More persondays per unit area {and therefare
greater expenditure} are required for higher densities and larger size classes.
Anather limitation is the assumption that the 2006 operation project expenditure
equates with priority when expenditure for some projects initiated at the inception of
the pragramme in 1995 has decreased owing to the less expensive nature of follow-

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

The systematic prioritisation was compared to the WRA pricritisation 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 considerad at a W regional scale to allow for a comparison
relative to the data for each YWY region. This was done by extracting the data per
WAN region and recalculating the overall priority scores. This meant that each record

of an attribute had to be 'standardised” by re-expressing it on a scale of 0-1 by
dividing its value by the new highest value in that ficld. A comparison of each ragion

was then conducted using a correlation matrix per WAV 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 that occur on other national
invasive alien plant lists is shown in figure 4.1, The data for this figure is presented in
APPENDIX 2. The relatively close correspondence between the species selected for
this study and lists compiled using other data sources and criteria, demonstrates that

there is general agreement on which are the most important species.
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Figure 4.1 Proportion of 56 species selected that occur
on other national invasive alien plant lists {arranged in chronological order).

62



4.1.2 Range of terrestrial, transformer species

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

figure 4.2, There was a mean of 10 species oer quaternary catchment.
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Figure 4.2 Range of terrestrial, transformer species per quaternary catchment
tgraduated colour classified by 5 natural breaks).
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Figure 4.3 Frequency histogram for the number of terrestrial, transformer species
per gquaternary catchment,
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4.1.3 Abundance of terrestrial, transformer species

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

figure 4 4. There was a mean of 3 speacies per quaternary catchment |
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Figure 4.4 Abundance of tarrestrial, transformer specics per quaternary catchmant
{graduated colour classified by 3 natural breaks),
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Figure 4.5 Frequency histogram for number of abundant terrestrial, transformer
spacies par guaternary catchment
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4.1.4 Effects of terrestrial, transformer species

The number of terrestrial, transformer species with 3 effects per gquaternary
catchment is shown in figure 4.6. There was a mean of 5 species per quaternary

catchment.
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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 tand cover per quaternary catchment is shown in
figure 4.8, There was a mean of 79.7% untransformed land cover per guaternary

catchment.
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Figure 4.3 Percentage of untransformed land cover per quaternary catchment
{graduated colour classified by 5 natural breaks).
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Figure 4.9 Frequency histogram for the percentage of untransformed land cover per
guaternary catchment.
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4.1.6 Terrestrial biodiversity value

The percentage of critically endangered ard endangered terrestrial ecosystems per
quaternary catchment is shown in figure 4.10. There was a mean of 20% critically
endangered and endangered terrestrial ccosystems for the 830 quaternary

catchments included.
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Figure 4.10 Percentage critically endangered and endangarad terrastrial
acosystems per quaternary catchment {graduated colour classified by 3 natural
breaks).
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Figure 4.11 Frequency histogram for the percentage critically endangered and
andangered 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 1,401 quaternary catchments

included.
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Figure 4.12 Parcentage 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 vield balance per guaternary catchment 15 shown in Figure 4.14. There

was a mean of 15 millien cubic metres/annum per guaternary catchment,
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Figure 4.14 \Water vield balance per guaternary catchment {graduated colour
classified by 10 natural breaks owing te small differences in breaks).
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Figure 4.15 Frequency histogram for the water yield balance per gquaternary
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.
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Figure 4.16 Primary production per quaternary catchment
(graduated colour classified by 3 natural breaks).
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Figure 4.17 Frequency histogram for primary production per quaternary catchment.
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4.1.10 Systematic prioritisation compaosite

The systematic priortisation composite overall priority scores per quaternary
catchment is shown in figure 4.18. There was a mean overall priority score of 0.3851
per quaternary catchmeant. The relatively close correspondence between the areas
identified as priorities in the systematic priortisation and the Mel ef al (2004a},
Rouget et af, (2004a) and Le Maitre ¢f af {in prep.) studies (Figures 2.3, 2.4 and
2.5) demanstrates that there is general agreement on which are the mast impaortant
areas {i.e. along the southern and eastern ¢oasts of South Africa, along the eastern
escarpment of KwaZulu-Natal and Mpumalanga, and arcund the eastern Free State

and Gauteng provinces}.
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Figure 4,18 Systematic pricritisation composite showing overall priority scores per
guaternary catchment (graduated colour classified by 3 natural breaks)
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Figure 4.1% Frequency histogram for the overall priority scores per quaternary
catchment
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4.2 WIW prioritisation {B)

The WRW pricritisation per quaternary catchment is shown in figure 4.20. There was

a mean of R529.565 for the 502 quaternary catchments included.
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Figure 4.20 Wi prioritisation {B) {graduated colour classified by 5 natural breaks)
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4.3 Systematic vs. WfW prioritisations (A vs. B)

The correlation matnx showing the relationships betweesn all pairs of crteria within
South 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 prionitisation {4) is weakly, yet positively, correlated (0.274}) with the
W priaritisation (B). A likely cause for the weakness of this correlation could be the
fact that WA projects have historically been initiated at locations where
management capacity was available (Breen, 1997}, opportunistically (W, 1958}
and for political expediency and logistical convenience (Ractliffe ef af, 2003). The
management capacity theory is perhaps supported by the fact that 15% of the total
operational project expenditure is allocated to national (SANParks) and provincial
protected area authorities (CapeMature and KZN Wildlife) when protected areas
should mostly be free of invasive alien plants. Alsa, the W priontisation could have
been driven by socio-economically aspecis. which were beyond the scope of this

study.

It appears that despite the equal weightings given to each criterion before
combination, a large praponion 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 sirongly correlated with each other
(0.883, 0.936 & 0.825) 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 an a response cannot be separated [(Ott. 1988).

74



Table 4.1 Correlation matrix showing the relationships between all pairs of criteria
within South Africa.

li: WA Fangs Abpndants  Effsct i bue- Tarrestrial  River Water Agri- Crierall
tion  @ricr fizaton [ (AT i Liltiers priority
criteria
WP |
Lpapehsabon | 1.000 | L |
| Range | U525 ) 1.000
Abundance 0.325 0.883 1.000 : ! |
Effect 0285 | 0.938 0.825 | 1.000 I
Disturbanca | -0.143 | 0452 0414 | 0440 1.000
Terrestial 0.076 | 0226 0228 | 0193 ] -C452 1.000)
CRwer | 0032 | 0029 -0.032 | -0.083 | -0.029 132 1.000
Water 0.063 0176 0193 0.208 | -0.108 0.048 | 0.008 | 1.000
A ricutture 0,134 R 2 AL 0553 | -0.457 0.310 | -0.248 [ 0.162 1.000
Crazrall
prority 0.274 0.798 0.752 0777 | -0.548 L4798 | 4V 40 ) 0,337 2671 1.000

The “disturbance” criterion has a very weak negative correlation {-0.143) with ail
other criteria. With respect to its negative correlation with the "range" {-0.452),
"abundance” (-0.414) and "effect” {-0.440} criteria, this is in agreement with Nel af al
{2004a)] who found that most major invasive alien species are confined to areas with
a high proportion of tranzsformed land, high rainfall and a high popuiation density.
This is also in agreement with Le Maitre ef af (2004} who found that alien plant
species nichngss patterns in South Afnca are largely the result of introduction
patierns, alien species are concentrated in regions where humans have formed hubs
of scitlement over the past three centuries. Anecther possible explanation is the
colioction bias in the SAPIA data towards areas easily accessible by road or around
areas where active SAPIA contributars live and work {Nel ef af, 20043} {ts negative
correlation with the “terrestnal™ and “nver” biodiversity criteria can be explained by
the strong correlation between indigenous species nchness and human density in
South Africa found by Richardson et af {2005). And its modest negative correlation
with agriculture can be explained by the fact that cultivated land and forest
plantations are responsibie for 15% of transfermation in South Africa {Fairbanks et
al., 2000}

The very weak correlation of the “river” criterion wath the “range” {.0.029) and
“abundance” {(-0.032) criteria might indicate that the terrestrial, transformer species
selected are not asscciated with the loss of river biodiversity. River ecosystems are
nonetheless very important, and sceveral studies have found riparian zones to be

more invaded by alien 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 ef al., in press).

A summary of overall correlations of systematic priontisation crtena with WM
priotitisation for each WMW region is shown in table 4.2, Correlation matricaes
showing the relationships between all pairs of criteria within each WA region are
given in APPENDIX 3

Table 4.2 Overall correlations of systemalic prioritisation criteria with YW
pricritisation for each WHW regien and the number of guaternary catchments in each
WA region

Wesierm  Fasizmn KinaZuli- Morther Frae
Cape Dape Limpopa Mpumalanga Matal Capa [arth-Wes Fautang State
Crveral priarly B3593 0235 0 295 3272 r.094 0,265 )BT o007y -0.016
Ma. guatsenary .
cachments | 395 ] 376 227 92 284 183 58 91 168

Some WY 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 priarity in that region and to the
relatively small number of guaternary catchments in that region {58). The WY
regions of Free State, Gauteng and KwaZulu-Natal are the worst in assessing

priority as demonstrated by the very weak correlation scores.

4.4 Use & limitations of this systematic prioritisation

Spatial analyses can take place at different spatial scales. from the global scale to
the lacal scale. A natignal 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 o broad priority areas where further

investigation, planning and action are warranted (Driver ¢of af.. 2005},

Fricrinsation s a2 subjective exercise, and although the fundamental approach to
prigritization may be guided by rational, factual informaticn. priorities are also
inffuenced by factars beyond the decision maker's contrel such as; palitical, funding,
financial, technical ang logistical (Versfeld et af . 1998). In this study, priority setting

15 considered from the viewpaint of ecosystem and species values. It is however

B



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 WiW.

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 WIW North-West region is good at assessing priority,
considerable improvement is required in the WIW 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 WIW 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

WY regions and 19 OWAF Water Management Areas (Figure1.1).

5.2.1 Priority RSA provinces

The shortfall identified in the KwaZulu-Natal province by this study is supported by
the fact that the provincial government of KwaZulu-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 State.

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

{Figure 5.1},
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Figure 5.1 WV prioritisation vs. the systematic prioritisation between provinces
(arranged in descending order of WY prioritisation)
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5.2.3 Priority WIW regions

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

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

Western Cape, Mpumalanga & North-West (Figure 5.2).
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Figure 5.2 WA prioritisation vs. the systematic prioritisation between W regions

{arranged in descending order of W/ prioritisation)
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5.2.3 Priority DWAF Water Management Areas

Major shortfalls exist in the DWAI- Water Management Areas of Thukela, Upper
Orange, Upper Vaal, Middle Vaat, Clifants, Limpopo, Usuthu to Mhlatuze and Mvoli
to Umzimkulu. This study also identified major surpluses in the DWAF Water
Management Areas of Berg, Inkomati, Levuvhu & Letaba and Crocodile (West) &

Marico (Figure 5.3).
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Figure 5.3 WV prioritisation vs, the systematic pricritisation between DVWAF Water
Management Areas {arranged in descending order of YW pricritisation)
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5.2.4 Priority areas within South Africa

At a finer scale (guaternary catchments), the systematic prioritisation can be used to

identify priority areas within Scuth Africa as illustrated in figure 5.4 and assist in re-

aligning funding either batween existing projects (yeillow hashed areas) or at new

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

] ‘™% regicns
Wl projects
Cryarall prigrity scora
0432 - 0,265
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B © 45 - 036
B 051 -0.78

Figure 5.4 WY projects (yellow hashed areas) vs. systematic prioritisation
averall priority scores (graduated colour classified by & natural breaks)

WM 18 also currently updating the Versfeld et af. (1988) map using remote-sansing

imagery. If it proves to be impossible in the short-medium term to provide a

comprehensive map of invasive alien plants for the whole country, it may be possible

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

comprehensive mapping, 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 prionty areas
within WHA regions as illustrated in the example for the WAV Free State region in
Figure 5.5. The obvious cluster of projects {yellow hashed areas) in the western
section of the Upper Crange DVWAF 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
priaritisation is very weakly correlated (-00.018) with the WHY priantisation for the
VY Free State region. To remedy this situation either project funding needs to be
re-aligned between the existing projects in the west and the cast or allocated to the

establishment of new projects in the east.
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Figure 5.5 WW projects (yellow hashed areas) vs. systematic prioritisation
overall priority scores (graduated colour classified by 5 natural breaks) for the VWiV
Free State region

43




5.3 Desirable future research

Future research should concentrate on collecting species, water resource and
natural agricultural resource valuas at finer scales to allow for more robust re-scaling
to the quaternary catchment scale. The conseguences of invasions for the delivery of
goods and services {effects), with the notable exception of their influgnce on water

resources, neads further study.

Data on total WA operational project expenditure per WHRAY project since the

incaption of the programme in 1995 would also be useful.

Data on the proportion of guaternary catchments made up of State land would also
assist in proving the assertion that projects were initiated where institutional capacity

cxizsied.

The ratio of present-day to natural mean annual runoff (MAR) for sach quaternary
catchment would provide an indication of ccologically stressed catchments, on the
basis of present-day exploitation of the rescurce. For over-exploited rivers, the most
severely affected component is generally the low flow, as a result of damming and
run-of-river abstraction. Thus, the benefits of clearing for enhancing ccosystem
integrity would be greatest in these catchments. Such a cover does not presently

exist in OWVWAF (Watson, pers. comim_ ).

Assessment is a core component of planning. but there is more to ptanning than
simply assessment. The identification of spatial priority areas through assessment
should feed into the development of an implamantation strategy and action plan.

which may address non-spatial issues (Wittenberg & Cock, 2001; Driver ef af. 2003).
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APPENDIX 1: Determination of documented species effects

Species

| Acacia cyclops

Kind of weed
IWells ot af..
1936a)

Pastoral (natural).
hydrological?,

industrial ({ourist),
flora, conservation

Significant
water
LISErs

(Versfeld

et &1, 1993)

Yes

Envircn-
mental
effects

fvan

Wilgen et

al., 2001}

Effects on
agricultural
production
{Hoffman &
Ashwell, 2001)

Yes

Ecological
effect

Yes

Hydrological
effect

Yes

Agricultural
effect

Yes

Acacia dealbata

Ruderal {general),
silviculiural
{natural).
silvicultural
(plartations),
pastoral {natural),
hydrological?,
industrial {touristy,
flora, conservation

Yeas

Yes

Yes

Yes

| Acacia decurrens

Ruderal (genaral),
silviculturai
{natural}, pastoral
fnaturall.
hydrological ?,
industnal {tourist),
flora

Yes

Mo

Yes

Yes

Acacia longifolia

Fastoral (ratural),
industrial {tourist),
flora, conservation

Yes

Decreases
streamflow

Yes

Yes

Yes

Acacia mearnsif

Ruderal {general),
pastoral {natural),
hydrological?,

industrial {tourist),
flora, conservation

Yes

Decreases
streamflow

Yes

Yes

Yes

Yes

Acacia
melanoxwon

Ruderal {general),
silvicultural

Yes

Yes

Yes

Mo
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Acacia sahgna

{natural),
silvicultural
(plantations),
i hydrological?.
_, flora, conservation

Acacia pycnantha | Ruderal (general),

hydralogical?,

flora

industrial {tourist),

Yes

NG

Yes

[y {s]

Ruderal {gaﬁaml}.
pastoral (natural)
hydrological?,
industrial (tourist),
flora, conservation

Yes

Yes

Yes

Yes

No

i Albizia
lebbeck/procera

Ruderal (general),
pastoral (natural)
flora

Arundo donax

Ruderal (general),
hydrological?,
recreational
(water-sport),
industnial (fourist),
tlora

Yes

No

No

No

Yes

Yes

No

Atriplex indleyi
| subsp. mflata

Cassalpinia
decapetala

Ruderal (general),
pastoral (natural),
flora

No

Na

Yes

Ruderal (general),
agrestal (general),
silvieultural
(plantations),
pastoral (natural),
hydrological?,
flors

Yes

Mo

Yes

Yes

Campuiocknium
macrocephalum

Cardiaspermum
grandiflorum

Ruderal {general),
sivicultural
{natural),

|

No

No




silvicultural
(plantations), flora

Cereus jamacaruy

Pastoral (natural),
industnal
(tounst)?. fiora,
health related
{humans)

Yes

Yes

Cestrum
laavigatum/parqul

Ruderal (general},
agrestal {general),
pastoral (natural)
flora,
conservation,
health related
(cattle}

Chromolaena
odorata

Eucalyplus
camaldulensis

i Ruderal {genaral).
agrestal (generzl),
silvicultural
{natural},
silvicultural
{plantations).
pastoral (natural),
industrial (tourisz),
fiora, conservation

Yes

Yes

No

Yes

Yes

Yes

Yes

Yas

Flora

Eucalyplus
fehmannii

Ruderal {(general),
industrial (tourist),
flora

Hakea drupacea

Ruderal (general),
pastoral {natural),
hydrological.

industrial {fourist),
fiora, consarvation

" Yes

Yes

Mo

Yes

NG

Yas

MNo

Yes

No

" Hakea gibbosa

" Hydrological,
Industrial {tourist),
flora, conservation

Hakea seticea

Ruderal {generzl).
. hydrelogical,

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes
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pastoral {natural].
indusirial {tourist),
_ flora, consarvation
Harnisia martinn Ruderal {general}, No No Yes
pastoral {natural)
flora. health
related (humans} i
Hedychium 7 ? ?
coceineum/gardne
fantm .
Hedychium ? ? 7
corgnariumdilaves
| cens 0\ .
fpomoaa | Ruderal (genaral), No Mo Mo
albadndica i agrestal (general),
flara
Jacaranda Ruderal {general), | Yes Yas Yes Yes
mimosifolia pastoral (natural)
industrial {tourist),
| flora, conservalion
Lantana camara Ruderal (general), | Yes Peisons Yes Yes Yes Yes
i silvicultural Iivestock
! (natural}, |
gilviculiural
(plantations),
pastoral (natural},
industrial
{tourist)?, flora,
consanation,
health related
(humans). health
related (livestock
generally)
Leplosparmum Flora, Yes Yes Yes Na
faevigatum conservation
Litsea glutinosa Flora. heslth No No No
related {livestock
generally)?
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| Macfadyena
| unguis-cali

Meiia azederach

Ruderal {genaral).
pastoral {ratural),
industrial
(touristy?, flora,
conservation,
fiealth related
(humans), health
related (livestock
generally)

Yes

Yes

Yas

Yes

. Morus alba

Flara

Yes

Masella
tnchotoma

Ruderal (general),
agresiral
(general), pastoral
{other planted),
pasicral inatural),
fiora,
conservation,
health related
{humans)

Opuntia

atirantiaca

Decreases
pasture

productivity

NG

Yes

Na

Yes

Yas

Mo

Yes

Ruderal (general),
pastoral (natural),
flara,
conservation,
health related
{humans), health
related (livestock
genarally)

Opuntia ficus-
thdica

Opuntia fulgida

Ruderal {general),
pastoral (natural).
industrial
{murist)?, flora,
consernation.
health relaied
(humans}

Yos

Decreases
pasiurg
productivity

Yes

Yes

Yes

Yesg

" Yas

EI.EI.':FEELEEE
pasture
productivity

Yes

Yes

Tes

Yas

Pastoral (naturaly,
flara, health

Yos

Yes

Yes

Yes

ar




related (humans},
health related
{livestock
generally}

Opuntia imbnicata

pastoral (natural)
flora, health
related (humans}

Dpuniia stricta

pastoral {natural)
flora, health
related (humans)

Ruderal (general),

Ruderal {general},

Yes

Yas

Ne

Yes

Yes

Yes

Yes

No

Yes

Yes

Paraserianthes
fophantha

hydrological 7,
flora

Ruderal (general],
agrestal (general),

Yas

Pinus elliofti

Flora

Yes

Mo

Yes

No

No

Yes

No

Pinus halepensis

! Pinus palula

Flora

Yes

No

Yes

No

bl |

Pastoral (natural],
industrial (tourist),

flora, conservabon

Yes

Pinus pinaster

Pastoral (natural),
industrial {tourist},

flora, conservation

Yes

Yes

Yes

Yes

Finus radiata

Fastoral (natural),
Industrial (tourist),

flota, consensation

Yes

| Decreases

streamflow

Yes

Yag

Yes

Decreases

streamflow

Yes

Yes

Yes

Populus
alba/canescens

Pastoral {natural),
hydrological,
recreational

(water-sports,

industrial {tourist],
fiora, conservahon

Prosopis

glandulosa var,
torreyanalveluting

Ruderal (general),
agrestal {general).

pastoral (natural).
. hydrological?.
| ingustrial {tourist),

Yas

" Yes

Yes

Yes

Yeas

Decreases
pasture
productivity

Yes

Yes
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flora, conservation

Fsidium guajgva

Ruderal {general),
pastoral (natural},
incustrial {fouristh,
flora, consenvation

Yes

Yes

Yes

Yes

| Pyracantha
angustifolia

Pastoral (natural),
industrial {tourist),
flora

Yas

Mo

Yes

Yes

Fobinig
pseudoacacia

Ruderal {general),
pastoral (natural),
flora

Yas

Mo

Yes

Yes

| Rubus cunerfofius

| Rubus fruticosus

Ruderal {general),
agrastal {general),
silviculfural
{plantatipns),
pastoral {natural},
industrial
{tourist)?, fiors,
conservation

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Salix babylonica

Hydrological?,
industrial {taurist),
flora,
congervation,
haslth related
{humans)

Yes

Mo

Yes

Yes

Yeas

Salix fragiiis

Yes

Mo

Seshaniz punices

Ruderal (general),
pastoral {natural},
hydrological?,
flora,
consarvation,
health related
{sheep)

Yes

Decreases
streamflow,

. poisons

livestock

Solanurm
imatiritianim

" Ruderal {general),

agrestal {general),
silvicultural
{natural},

“Yes

Yes
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Yesg

Yes

Yes

O [

Yes

Yes

Yes




silvicultural
{plantations),
industrial

(tourist)?. fiora,

consernvation,
health related
(humans)
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APPENDIX 2: Comparison of species selected with other national invasive alien
plant lists.

itchardson ef al. VYersfeld et af.  Robertson ef af Holmes ef af Mel et 5!

7) { ) (2003 (2002 (2004 a)

SCacia cvolops 1 i W 3
Lcacia dealbats 1 i W 3
“mracia decurrens 1 1 1w 2
V\cacia jongifolia 1 1 1 W 3
ACacia meamsi 1 1| 1 VW 3
V\cacia melancxylon 1 1| 1 W Z
Foacia pycnantha 1l 1 1 L 1
Acacia saling 1 1 1 wW i
dhizia lebbeckirocera L 1
Arndo donax 1| 1 1 VW 1
Vitriplex flindleyi subsp. Inflata w 1
Caesaliinia deca, elala ; 1 1 W 2
Campuiochiniim macrocephalim ' W a
Cardios ermum Jrandifforum 1 WV ¥
Cereus famacan ] 1 W 1
Cestrum laevigatumianiul 1| 1 W é
Chromolaena odorata 1 1 1 1w 3
Eucalyptus camaldulensis : 0.8 W il
Eucalyy tus lehmanni 1 1 0.5 1L 1
Hakea druracea 1l _ 0.333 1L 3
Hakea sibbosa 1) 1| 0333 1L 2
Hakea sericea 1 1| 0.333 W 3
Harrisia martinii | ' L 1
Hedychium coccineumiardnerianum ' L 0
Hedycm'um coronanumflavescens L CII
{omoea aibadndica ' | W i
Jacaranda mimosifolia ' 1 | 1 W 3
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{ antana camara 1l 1 1 1w 3
L e tos; ermum lsevigatum 1] 1] 1 1L 2
Litsea glutinosa 1 L 0
Macfadyens unguig-cati L a
Mella azederach 1 1 1 VW 3
%rus alba 1 1 w 1
Wasella trchotoma 1 i L 2
Opuntia aurantiaca 1 1 0.2 W 3
Opuntia ficus-indica 1 1 0.2 W 3
Opuntia fulids ! 02 L
Opuntia imbrcata 1 0.2 W 2
Opuntia stricta 02 W 2
Paraserianthes fophantha 1 1 1L 1|
inus eifioti 1 0.2 1l 1)
Finus halepensis B2 il 8 i
Pinus patila 1 1 02 1w 3
Pinus pinaster 5 1 02 1w 3
WPinus radiata 1 1 02 1IW 3
\Populus alba‘canescens 2 2 1 VW 3
Prosopis dandidosa var, torreyanaiveluting 2 1 1 VW 3
Psiium guajava 1 1 1 1w 3
Pyracantha an justifolia 1 1 7| W pri
Rabinia pseudbacacia 1 w 2
Rubus cunelfolius 1 1 0.5 w 3
\Rubus fruticosus 0.5 W 2
Salix babylonica 1 1 0.5 VW 2
Salix frajilis 0.5 w 2
\Sesbania punices 1 1 W 3
\Solanum mauritianum 1 1| 1

102




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 WA Western Cape region.

WIW prioritisation | Range | Abundance | Effect | Disturbance | Terrestrial | River | Water | Agriculture | Overall priority
WIW prioritisation 1.000
Range 0.374 1.000
Abundance 0.407] 0.877 1.000
Effect 0.333 0972 0.862] 1.000
Disturbance -0.108] -0.557 -0.478 -0.578 1.000
Terrestrial 0.169 0424 0.4000 0.418 -0.473 1.000
River -0.102, -0.228 -0.245 -0.231 0.019 -0.058 1.000
Water -0.018 -0.224 <0.117] -0.208 0.023 -0.103 0.214/ 1.000
Agriculture 0.3320 0.779 0.721 0.740 -0.403 0.376 -0.332 -0.275 1.000
Overall priority 0.393 0.881 0.865 0.863 -0.405 0.508 0.057] 0.024 0.742 1.000
Table 2 Correlation matrix showing the relationships between all pairs of criteria within the WHW Eastern Cape region.
WAIW prioritisation | Range | Abundance | Effect | Disturbance | Terrestrial | River | Water | Agriculture | Overall priority
WM prioritisation 1.000
Range 0.252 1.000
Abundance 0.184 0.803 1.000
Effect 0.249 0.843 0.859 1.000
Disturbance -0.116] -0.495 -0.512 -0.489 1.000
Terrestrial -0.042 0.315 0.359 0.323 -0.468 1.000
River -0.0220 -0.162 -0.143 -0.185 0.403 -0.246 1.000
Water -0.065 -0.467 -0.451 -0.472 0.276 -0.191/-0.276  1.000
Agriculture 0.181 0.483 0.455 0.483 -0.658 0.380 -0.622 -0.115 1.000
Overall priority 0.238 0.862 0.850 0.831 -0.315 0.383 0.100 -0.288 0.408 1.000
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Table 3 Correlation matrix showing the relationships between all pairs of criteria within the WHW Limpopo region.

WHW prioritisation | Range | Abundance | Effect | Disturbance | Terrestrial | River | Water | Agriculture | Overall priority
WA 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
Agriculture 0.347 0.619 0.577] 0832 -0.416 0.463 0.387 -0.071 1.000
Overall priority 0.288 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 WiW Mpumalanga region.
WHW prioritisation | Range | Abundance | Effect | Disturbance | Terrestrial | River | Water | Agriculture | Overall priority
WA 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
Terrestrial 0.288 0.302 0.262 0.225 -0.181 1.000
River -0.031 -0.058 -0.183 -0.026 0.2486 0.028 1.000
Water 0.046 -0.372 -0.43¢9 -0.426 0.137 -0.041 0.011 1.000
Agriculture 0.193 0.678 0.600 0.712 -0.508 0.281] -0.023 -0.253 1.000
Overall 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 WAV KwaZulu-Natal region.

WIW prioritisation | Range | Abundance | Effect | Disturbance | Terrestrial | River | Water | Agricuiture | Overall priority
W prioritisation 1.000
Range 0.162 1.000
Abundance 0.102 0.836 1.000
Effect 0.138 0.841 0.585 1.000
Disturbance -0.083 -0.350 -0.393 -0.256 1.000
Terrestrial -0.050 0.308 0.441 0.222 -0.284) 1.000
River 0.137] 0.137 0.137| 0.053 -0.091 0.056 1.000
Water -0.119 -0.240 -0.271] -0.080 0.147 -0.162 -0.109  1.000;
Agriculture 0.038 0.317 0.294 0.263 -0.276) 0.226 0.198 -0.171 1.000
Overall priority 0.094 0.658 0.621 0.595 -0.073 0.454 0.617 0.121 0.388 1.000;
Table 6 Correlation matrix showing the relationships between all pairs of criteria within the WHW North West region.

WYW prioritisation | Range | Abundance | Effect | Disturbance | Terrestrial | River| Water | Agriculture | Overall prionity
WHW prioritisation 1.000
Range 0.672 1.000
Abundance 0.669 0.933 1.000
Effect 0.626 0.952 0.829 1.000
Disturbance -0.578 -0.664 -0.634 -0.629 1.000
Terrestrial 0.237, 0.522 0.442 0.521 -0.444) 1.000
River 0.213 0.295 0.245 0.347 -0.033 0.183 1.000
Water 0.619 0.496 0.448 0.515 -0.532 0.200 0.214 1.000
Agriculture 0.242 0.318 0.223 0.407 -0.336 0.096 0.168 0.518 1.000
Overall priority 0.670 0.899 0.834 0.902 -0.657 0.535 0.5%6 0.696: 0.473 1.000
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Table 7 Correlation matrix showing the relationships between all pairs of criteria within the WAV Northern Cape region.

WIW prioritisation | Range | Abundance | Effect | Untransformed | Terrestrial| River Water \Agriculturey Overall priority
WHAW prioritisation 1.000
Range 0.178 1.000
Abundance 0.292 0.195 1.000
Effect 0.2020 0.841 0.294 1.000
Untransformed 0.048 -0.260 0.136 -0.262 1.000
Terrestrial -0.018 0.123 -0.171] 0.126 -0.842 1.000
River 0.1401 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 1.000
Table 8 Correlation matrix showing the relationships between all pairs of criteria within the WIW Gauteng region.
WHW prioritisation | Range | Abundance | Effect | Untransformed | Terrestrial| River Water | Agriculture| Overall priority
WHIW prioritisation 1.000
Range 0.134 1.000
Abundance 0.195 0.748 1.000
Effect 0.125 0.922 0.670 1.000
Untransformed -0.050 -0.0863 -0.045 -0.043 1.000
Terrestrial 0.013 -0.117 0.123 -0.070 0.229 1.000
River 0.026, -0.1086] -0.047 -0.095) -0.049 0.082 1.000
Water -0.143 -0.333 -0.254 -0.272 0.298 -0.046 0.064 1.000
Agriculture 0.1071 0.060 0.302 0.105 0.469 0.329 0.081 0.107 1.000
Overall priority 0.077] 0.568 0.655 0.608 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 WHW Free State region.

WAW prioritisation | Range | Abundance | Effect | Untransformed | Terrestrial | River | Water | Agriculture | Overall priority
WIW prioritisation 1.000
Range 0.048 1.000
Abundance 0.089 0.521 1.000
Effect 0.176  0.589 0.201 1.000
Untransformed 0.085 0.276 0.232 -0.255 1.000
Terrestrial -0.0221 0.181 0.080 0.453 -0.444 1.000;
River -0.103 -0.072 0.087] 0.168 -0.448 0.342 1.000
\Water -0.134 -0.393 -0.308 -0.312 0.049 -0.130 -0.337,  1.000
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 -0.060 0.618 1.000
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