
Chapter 21
The Extent and Effectiveness of Alien Plant
Control Projects in South Africa

Brian W. van Wilgen , John R. Wilson , Andrew Wannenburgh ,
and Llewellyn C. Foxcroft

Abstract Since 1995, the South African government has spent at least ZAR
15 billion (unadjusted for inflation; approximately USD1 billion) on alien plant
control operations across South Africa. The amount spent per year has risen
exponentially since 2010, and in 2019 annual spending is around ZAR 2 billion
per year. Based on a small (but growing) number of case studies that have
assessed management effectiveness, it is clear that the cover of invasive alien
plants has been reduced in some localised areas, but continues to grow in
others. A number of factors contribute to success, but the effort and resources
required for successful control appear to be routinely under-estimated, with
actual costs between 1.5 and 8.6 times higher than initial budget estimates.
Currently, therefore, control measures (other than biological control) have
largely failed to check invasions at a national scale, and there have been no
documented eradications of plant invasions from continental South Africa. We
argue that control can be considerably improved by effective prioritisation,
goal-setting and planning; monitoring of outcomes rather than of inputs;
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ensuring that the existence of multiple goals does not lead to confusion over
priorities; developing methods to reduce the under-estimation of the costs of
control; adherence to best practices and standards; simplifying the currently
complex contracting and employment models; and using a variety of methods to
resolve or reduce conflicts over species that have commercial or other value, but
cause significant environmental damage. Addressing these challenges will be
difficult, but would be essential if plant invasions in South Africa are to be
brought under control.

21.1 Introduction

Attempts to control invasive alien plants have a long history in South Africa. While
we do not have detailed knowledge of early control efforts, regulations relating to
invasive plant management date back to 1861 (see Lukey and Hall 2020, Chap. 18).
The first biological control agents were introduced over 100 years ago (Moran et al.
2013). The government made attempts to control pines (Pinus species), gums
(Eucalyptus species) and hakeas (Hakea species) in grassland and fynbos areas
near Makhanda (Grahamstown) as early as the 1930s (Macdonald 2004). In 1943,
operations were introduced to control invasive alien pines, wattles (Australian
Acacia species) and gums in the Cape of Good Hope Nature Reserve on the Cape
Peninsula (Macdonald et al. 1989). Attempts to control invasive alien plants in the
Kruger National Park began in the 1950s (Foxcroft and Freitag-Ronaldson 2007).
In 1968, legislation was enacted and an eradication programme initiated against
Solanum elaeagnifolium (Satansbos), although eradication was never achieved
(Wilson et al. 2013). In 1976, the Department of Forestry scaled up its efforts to
control invasive alien plants in the mountain catchment areas in the Western Cape
(Fugler 1983; Fenn 1980), but after a decade the programme fell behind schedule,
and essentially came to a halt when the responsibility for managing catchment areas
was transferred to the provinces in the late 1980s (van Wilgen and Wannenburgh
2016). In 1995, efforts to control invasive alien plants across the whole country
were started afresh under the auspices of the Working for Water (WfW)
Programme. This public works programme has the dual goals of controlling inva-
sive alien plants while at the same time creating employment and development
opportunities for disadvantaged people in rural areas (van Wilgen and
Wannenburgh 2016). This chapter reviews the extent to which projects dealing
with terrestrial plant invaders have been implemented across the country, and their
costs and effectiveness. Chapter 4 (Hill et al. 2020a) discusses progress and
challenges relating to the management of aquatic plant invaders.
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21.2 Alien Plant Control Projects

Many conservation agencies at national and provincial level, private landowners,
volunteer “hack” groups, and NGOs have implemented alien plant control projects
(Fenn 1980; Attwell 1985; Macdonald et al. 1985; van Wilgen et al. 2017; van
Rensburg et al. 2017). However, monitoring data for these efforts were either not
available to us, or were never collected in the first place. This section therefore
provides a brief summary of the extent of alien plant control projects funded by the
WfW programme between 1995 and 2017, both because data are available, and
because WfW has provided the bulk of funding for alien plant control projects over
the past two decades.

Since 1995, WfW has spent ZAR 15 billion (unadjusted for inflation) on alien
plant control operations across South Africa. The amount spent per year has risen
exponentially since 2010, reaching around ZAR 2 billion per year in 2017
(Fig. 21.1a). During this time, WfW has cleared an average of about 200,000
condensed ha (Fig. 21.1c) per year, and conducted follow-up operations on about
600,000 ha per year (cleared areas are subjected to an average of three follow-up
operations over time). The apparent decrease in area treated since 2014 is due to a
relaxation of the requirement to record areas treated. This essentially means that
recent figures are underestimates. In terms of the species targeted, wattles received
more than three times the funding (ZAR 3.5 billion) than any other taxon
(Table 21.1). The other groups on which large amounts have been spent include
Lantana camara (Lantana), trees in the genera Prosopis and Eucalyptus, and
Chromolaena odorata (Triffid Weed) (Table 21.1). WfW has dual goals, which
require it to create employment and to clear invasive alien plants (van Wilgen and
Wannenburgh 2016); the programme has created between 2000 and 23,000 full-
time equivalent jobs per year.

Alien plant control operations funded by WfW are carried out by implementing
agents who often operate on adjacent land parcels owned or managed by different
agencies. Plant invasions, however, do not respect jurisdictional boundaries. To gain
control over invasions in any given area, it would therefore be necessary for
neighbouring landowners to collaborate closely with each other, and to co-ordinate
control efforts, which brings additional challenges. Box 21.1 profiles case studies
where alien plants are managed in large areas across several jurisdictions to illustrate
challenges and achievements.
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Fig. 21.1 The contribution of the Working for Water programme to alien plant control in
South African in terms of: (a) the amount of money invested (ZAR unadjusted for inflation); (b)
the number of full-time equivalent jobs created. This number only includes jobs created for
previously unemployed people as part of poverty alleviation efforts; (c) the area treated per annum
in condensed ha (see Table 21.1 for a definition of condensed ha). Note that the apparent decrease in
area treated between 2013 and 2014 is due to a relaxation of the requirement to record areas treated.
Data sourced from Working for Water Information Management System
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Box 21.1 Co-ordinating Alien Plant Control Across Jurisdictions: Three
examples from Biosphere Reserves in South Africa
Implementing effective alien plant control projects is difficult enough on
individual protected areas or farms, but the complexity increases exponentially
when an invasion occurs across multiple land parcels, owned or managed
by different individuals or organisations, each with different purposes and
levels of capacity. For the management of invasive alien plants to be effective,
collaboration across different land parcels is needed. Biosphere reserves are a
good model for how this can be achieved. Biosphere reserves are areas of
terrestrial and coastal ecosystems that are internationally recognised within the
framework of the United Nations Education, Scientific and Cultural Organi-
sation’s (UNESCO’s) Man and Biosphere programme. Biosphere Reserves
have core, buffer and transition zones that cater for strict conservation, limited
sound ecological use, and ecologically-friendly development respectively.
South Africa has eight Biosphere Reserves, and within some of these there
have been attempts to co-ordinate alien plant control projects. An examination
of three of these Biosphere Reserves (table below) reveals some common
features:

• It is essential to have a dedicated and committed co-ordinator to provide
direction and continuity;

• The disbursement of funds across multiple organisations increases the
levels of bureaucracy, significantly slowing progress;

• There are no examples of comprehensive control plans that cover entire
biosphere reserves, although there are attempts to foster collaboration;

• The funds required to address the problem over large areas are typically
inadequate;

• The relative importance of different species differs according to land use,
resulting in differences in priority across the area being managed; and

• Private landowners are obliged in terms of law to control invasive alien
species, but the capacity to enforce the regulations is inadequate.

• The bulk of the funding comes from the government’s Working for Water
(WfW) programme.
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Area and managing
agencies Features

Funding and
planning

Achievements and
challenges

Kogelberg Biosphere
Reserve, Western
Cape.
Managed by:
• CapeNature
(provincial con-
servation agency)
• Two municipal-
ities (Cape Town
and Overstrand)
• Private
landowners

The area covers
103,629 ha in the
Fynbos Biome,
Western Cape,
including a core
protected area
(Kogelberg
Nature Reserve),
commercial for-
estry plantations
with alien trees,
and residential
townships. The
area is invaded by
numerous alien
plant species,
mainly trees and
shrubs in the
genera Pinus,
Acacia and
Hakea.

The bulk of the
funding comes
from the
government’s
Working for
Water
programme
Municipalities
contribute
some funding
additional to
WfW. Several
private land-
owners also
contribute, but
many do not
There is a high-
level alien plant
control plan for
the protected
core area, and
some groups of
private land-
owners have
developed sep-
arate plans for
their own land.

Plant invasions in the core
area have been
brought down to a
maintenance level;
invasions on privately
owned land remain a
problem, and the
cleared core area is at
risk of re-invasion as a
result
Agreement has been
reached between
CapeNature and
owners of pine forestry
plantations for the sys-
tematic removal of
plantations
Uncontrolled wildfires
frequently disrupt
clearing operations,
spreading the invasive
plants
Although some
funding is available, it
is insufficient to ade-
quately address the
problem.

Vhembe Biosphere
Reserve, Lim-
popo.
South African
National Parks
and provincial
agencies are
responsible for
protected areas,
but much of the
3 million ha of
privately owned
and communal
land is not
managed

The area covers ~3.7
million ha, with
eight core
protected areas
totalling
~460,000 ha. It
includes two
national parks
(northern region
of Kruger
National Park,
and
Mapungubwe
National Park),
and six provincial
protected areas.
There are over
120 invasive
alien plant spe-
cies in the area,

The bulk of the
funding comes
from the gov-
ernment’s
Working for
Water
programme
Planning is
largely carried
out indepen-
dently by land-
owners, with
some coordi-
nated planning
between adja-
cent agencies

An Invasive Species
Working and Network
Group has been
established for the
Biosphere Reserve, but
it has proved challeng-
ing to find an effective
and dedicated co-ordi-
nator
Projects have been ini-
tiated to map the dis-
tribution of priority
invasive alien species
Species task teams
have been established
to co-ordinate alien
plant control at a
catchment or individ-
ual protected area level
The complexity of

(continued)
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the most impor-
tant of which are
Lantana camara
(Lantana),
Chromolaena
odorata (Triffid
Weed) and Senna
species in the
lower catchment.
Trees in the gen-
era Acacia and
Eucalyptus are
prominent in the
upper
Soutpansberg

managing plant inva-
sions over such a large
area with varied land
uses precludes effec-
tive coordination.
However, coordinated
communication at the
biosphere scale, and
cooperative planning at
smaller scale, may
overcome this

Kruger 2 Canyons
Biosphere
Reserve, Lim-
popo and Mpu-
malanga.
South African
National Parks,
provincial con-
servation agen-
cies, private
conservation
areas, municipal-
ities, NGOs, and
traditional leaders
and communities.
Alien plant con-
trol efforts across
21 organisations
are monitored by
a government
environmental
monitoring
programme in an
attempt to
co-ordinate
efforts

The area covers ~2.5
million ha, with a
core area of
~898,300 ha of
protected areas,
including the
central region of
Kruger National
Park, ten provin-
cial protected
areas, and large
privately owned
game farms
(~400,000 ha). A
wide variety of
alien plants are
present, the most
important of
which are
Parthenium
hysterophorus
(Parthenium
Weed) in lower-
lying areas, and
Melia azedarach
(Syringa), and
trees in the gen-
era Pinus, Euca-
lyptus and Acacia
in the upper
catchments.

The bulk of the
funding comes
from the gov-
ernment’s
Working for
Water
programme
SANParks and
Kruger 2 Can-
yons collabo-
rate to guide
work in priority
areas, but there
are no formal
management
plans. Other
stakeholders
are kept
informed
through several
committees.

Environmental monitors
have been appointed
to collect alien plant
distribution data, for
use by managers
across different areas
and projects
A semi-formal sup-
ports the sharing of
information
Differing objectives
(e.g. water conserva-
tion, biodiversity con-
servation, livestock
production, and agri-
culture) result in dif-
ferent invasive species
receiving priority in
different areas. Buffer
areas have been des-
ignated to allow close
neighbours to align
their objectives and
efforts.
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21.3 Alien Plant Eradication Projects

The Working forWater programme (WfW) explicitly took an area-based, as opposed
to a species-based, approach to management (see Faulkner et al. 2020, Chap. 12, for a
discussion on pathway-based approaches). Invaded areas were demarcated, estimates
of the overall density of all alien plants in those areas were made, and contracts issued
to clear all the alien plants in the specified areas. Classical biological control aside,
individual species were not explicitly targeted. To address this gap, in 2008, the
South African National Biodiversity Institute (SANBI) was contracted by WfW to
develop species-specific control programmes focusing on alien plant species that
were not yet widespread invaders (Wilson et al. 2013). Over time, this mandate has
narrowed so that the focus of control efforts is on species where the possibility of
national-scale eradication has not been ruled out (see Sect. 21.6 for a discussion of
species-specific management programmes where the goal is not eradication).

There have been several documented plant eradication attempts in continental
South Africa, all initiated by the government, but none of which succeeded (cf. work
on the sub-Antarctic Islands, Greve et al. 2020, Chap. 8). Intensive programmes
were initiated in the early 1960s to remove Alhagi camelorum (Camel Thorn) from
irrigation schemes. However, the systemic herbicides available at the time were
ineffective for dealing with the extensive underground root systems (Erasmus and
Viljoen 1993; Jooste 1965). In 1968 an eradication programme was initiated against
Solanum elaeagnifolium (Satansbos) (Wasermann et al. 1988). Despite some local
successes, by 1972 the eradication campaign was cancelled; failure was ascribed to
inadequate biological knowledge, ineffective herbicides and application techniques,
and a lack of cooperation from many farmers. The most extensive eradication
campaign in South Africa was against Opuntia aurantiaca (Jointed Cactus)
(Moran and Annecke 1979), but despite significant governmental support, appar-
ently not a single farm was fully cleared.

These efforts focussed on alien plants that were already widespread in the
country, and basic requirements to achieve eradication were not always in place,
e.g. no new immigration of propagules, all populations delimited, sufficient
resources available to complete eradication, and adequate monitoring and evaluation
in place (Wilson et al. 2017).

There are 42 alien plant species listed as Category 1a in South Africa’s Alien &
Invasive Species Regulations, published in 2014 under the National Environmental:
Biodiversity Act (NEM:BA, Act 10 of 2004) (i.e. deemed as nation-wide eradication
targets). On investigation, several of these species have been found to be present at
many sites across the country (e.g. Iris pseudacorus (Yellow Flag) (Jaca and Mkhize
2015), and Furcraea foetida (Mauritian Hemp), although the formal process of
documenting the evidence and transfer of these species to more appropriate manage-
ment categories has not been completed yet (see Chap. 20; Kumschick et al. 2020).
Several of the Category 1a species [Cabomba caroliniana, (Cabomba) and Euphorbia
esula (Leafy Spurge)] have not been found again, and might simply not be in the
country, while others are not known to have become invasive and were listed for
precautionary purposes (Henderson andWilson 2017). Several of the species are found
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in private gardens [e.g. Triplaris americana (Ant Tree)]. While this does not preclude
eventual eradication, it complicates both control efforts and our ability to declare a
species eradicated.A fewCactaceae species have (orwill likely in future have) effective
biocontrol agents, such that nation-wide eradicationwould probably not be required for
adequate control to be effected. Consequently, only around a third of the species listed
in Category 1a are still the focus of on-going eradication efforts. By contrast, many
other taxa that are not yet listed in the regulations have been identified as eradication
targets and are subject to control efforts [e.g. Acacia viscidula (Sticky Wattle), and
Melaleuca parvistaminea (Rough-barked Honey Myrtle) (Magona et al. 2018; Jacobs
et al. 2014)].

The mismatch between legal status and feasibility of eradication discussed above
highlights the need to set eradication as the management goal only once a formal
detailed assessment of eradication feasibility has been conducted. Such assessments
require investment in delimitation and pilot control measures (Wilson et al. 2017). It
is also clear that there is a substantial invasion debt in the country (Rouget et al.
2016)—many alien plants have only naturalised or invaded a few sites, and there are
likely to be many that are still to be detected.

In the decade that the SANBI programme has been active, no alien plant species
had been formally declared as eradicated. The project closest to achieving eradica-
tion is probably that against Spartina alterniflora (Smooth Cordgrass), a grass
invading the Knysna estuary in the Western Cape. However, the conditions under
which eradication can be declared have not been specified, nor is it clear why the
plant was introduced in the first place, so the possibility of reintroduction has not
been ruled out (Riddin et al. 2016). Detailed point patterns have been produced for a
number of species (Wilson et al. 2013), and insights have been gained in terms of
efforts to delimit populations (Jacobs et al. 2014), produce risk maps (Kaplan et al.
2014), estimate the costs of eradication (Moore et al. 2011), and the continuing need
for morphological and molecular taxonomy (Magona et al. 2018; Jacobs et al. 2017).

The SANBI programme has funded postgraduate students to work on particular
species or taxa, and produced an increasing number of published analyses of risk
analyses, impact assessments, and estimates of eradication feasibility (Kumschick et
al. 2020). However, the programme has suffered from similar issues to other projects
funded under the WfW umbrella. The onus has been to report on input indicators
(e.g. person days of employment), and few or no data are routinely collected on
output indicators (e.g. the number of plants present). When assessed against the
requirements set by the National Status Report on Biological Invasions (van Wilgen
and Wilson 2018), the project planning was evaluated as being inadequate across the
board. These are solvable issues, but will require a shift in approach to ensure that
dedicated teams focus on specific targets year on year, that data are collected, and
that monitoring data feed back into decision-making both at a project level and as
input to the regulatory changes. If the global best practices regarding alien plant
incursion response are applied (e.g. Wilson et al. 2017), then we can expect to see an
increasing number of declared alien plant eradications in the next decade. For some
taxa, particularly those with long-lived seed-banks (Zenni et al. 2009; Wilson et al.
2011), eradication might only be achieved far in the future, but it is feasible given
persistence and effective monitoring.

608 B. W. van Wilgen et al.



21.4 Management Plans for Invasive Species

South Africa’s National Environmental Management: Biodiversity Act (NEM:BA),
Alien & Invasive Species (A&IS) Regulations, published in 2014, state that “if an
Invasive Species Management Programme has been developed in terms of section 75
(4) of the Act, a person must control the listed invasive species in accordance
with such programme”. In many cases, the need for species-specific management
programmes is clear, even for species where eradication is not feasible, but neither
the Act nor the Regulations, provide guidance on which of the listed invasive species
should be the subject of such a programme. The development of national-level,
species-specific programmes for all listed species would be extremely onerous, but
there has been little to no progress even on priority species. Species-specific strat-
egies have been developed only for Parthenium hysterophorus (Parthenium Weed),
and Campuloclinium macrocephalum (Pompom Weed) (Le Maitre et al. 2015;
Terblanche et al. 2016; see also Table 21.1). These strategies recommended different
management approaches for different administrative areas depending on the stage of
invasion. In addition, two genus-level strategies [for Australian Acacia species and
Prosopis (van Wilgen et al. 2011; Shackleton et al. 2017)], and one family-level
strategy (for Cactaceae, Kaplan et al. 2017) have been developed.

None of these strategies has been formally adopted to date, and no entities have
been established, as provided for in law, to co-ordinate and implement them (though
the aim of the National Cactus Working Group is to facilitate the implementation of
the Cactaceae strategy; Kaplan et al. 2017).

21.5 Management Plans for Invaded Areas

The successful implementation of invasive alien plant control projects relies on,
among other things, careful planning that sets realistic goals, monitoring of progress
towards those goals, and adapting management as new information comes to light. In
South Africa, there are a number of statutory requirements to develop such plans. The
management authorities of protected areas, and all other organs of state in all spheres
of government are required in terms of the NEM:BA A&IS Regulations to prepare
invasive alien species control plans; and in terms of the National Environmental
Management: Protected Areas Act (Act 57 of 2003, NEM:PAA), the management
authorities of all protected areas must submit a management plan for the protected area
for ministerial approval. In turn, plans require accurate information on the extent and
abundance of invasive species, so that the resources required to control them can be
reliably estimated. These requirements have not been adhered to in practice, however.
In terms of the NEM:BA requirement, submitted control plans covered only about 4%
of the country, mainly in the Western Cape, and almost all of the plans failed to meet
the required criteria (van Wilgen and Wilson 2018). Both the relatively small number
of plans, and the inadequacy of many plans, was attributed to a lack of capacity or
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expertise within many organs of state (van Wilgen and Wilson 2018). Furthermore,
while most protected areas have prepared management plans as required by NEM:
PAA, the sections of these plans that deal with alien plant control are typically high-
level, long-term statements of intent, and these have not been effectively carried
forward into the more detailed medium to short-term plans that would be necessary
for guiding control operations (van Wilgen et al. 2017).

Creating accurate maps of the distribution and abundance of alien plant invasions
as a basis for realistic planning has also proved challenging up to now (Richardson
et al. 2020, Chap. 3). At a national scale, there have been at least three attempts to
map the extent of the problem. In 1993, the Council for Scientific and Industrial
Research mapped invasive alien plants in South Africa, with the goal of estimating
their impact at a national scale (Le Maitre et al. 2000). The mapping techniques used
were coarse due to the paucity of reliable data, but a map at a 1:250,000 scale was
produced, based primarily on the local knowledge of natural resource experts from
across South Africa. The project estimated that invasive plants occupied 10.1 million
ha (6.82% of South Africa and Lesotho). The longest-running project aimed at
recording information on the national extent of alien plants is the Southern African
Plant Invaders Atlas (SAPIA), which was initiated in 1994 (Henderson 2007). As
of May 2016, SAPIA had over 87,000 geo-referenced records for 773 alien plant
taxa that are present outside of cultivation in southern Africa, making it the most
extensive source of information on the distribution of invasive plants in the region
(see Richardson et al. 2020). In 2008, the Department of Environmental Affairs
commissioned the Agricultural Research Council to develop and implement a repeat-
able sampling protocol to track trends in alien plant distribution and density across
half of the country. This project has run for more than a decade, and has mapped the
distribution of 27 alien plant taxa (species in the genera Pinus, Eucalyptus and some
Australian Acacia species were mapped collectively). The project is ongoing, but no
adequate description of the sampling methodology has been published to date, nor
have any peer-reviewed papers that present the findings been published.

At finer scales, relatively detailed maps of the extent of invasion have been
developed for some areas, mostly protected areas [e.g. Foxcroft et al. (2004, 2009)
for Kruger National Park; Cheney et al. (2018) for Table Mountain National Park; and
vanWilgen et al. (2016) for protected areas in the Cape Floristic region]. Cheney et al.
(2018) compiled a map of invasive alien plants derived from fine-scale systematic
sampling of the entire Table Mountain National Park (26,500 ha), and compared this
to two other datasets in use for planning and management. They found that manage-
ment datasets overestimated species cover by orders of magnitude, and that this
resulted in questionable allocations of funding. They concluded that “contrary to
perception, fine-scale surveys are a cost-effective way to inform long-term monitoring
programmes and improve programme effectiveness”. In addition, where plans are
developed, they are not always followed (Kraaij et al. 2017). It appears, thus, that the
level of planning for alien plant control in South Africa falls substantially short both of
what is required by law and what is necessary for management to be effective.
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21.6 National-Scale or Species-Specific Assessments
of Management Effectiveness

The most comprehensive national-scale assessment of management efficacy at a
species level to date (Henderson and Wilson 2017) was based on the Southern
African Plant Invaders Atlas (SAPIA). The 773 alien plant taxa recorded in
SAPIA was an increase of 172 taxa over the last assessment in 2006 (Henderson
and Wilson 2017). Between 2000 and 2016 there was also an approximately 50%
increase in the broad-scale documented range of alien plants in SAPIA. Several
species (Campuloclinium macrocephalum, Parthenium hysterophorus, Opuntia
engelmannii, Cryptostegia grandiflora, Pennisetum setaceum, Tecoma stans,
Sagittaria platyphylla, Gleditsia triacanthos, and Trichocereus spachianus) were
considered to be of particular concern as they had increased substantially in distri-
bution over the past decade. Henderson and Wilson (2017) reported further that
approximately 126 taxa were targeted for clearing by the Department of Environ-
mental Affairs’ Natural Resource Management (NRM) programmes (formerly
“Working for Water”) between 2000 and 2012, although most effort was focussed
on a relatively small number of widespread taxa (Table 21.1). Examination of the
data suggested that whether a species was targeted for control or not made little
difference, as both targeted and neglected species continued to spread at comparable
rates. Henderson and Wilson (2017) concluded that this outcome was perhaps not
surprising, given the lack of evidence of a general strategic approach to NRM’s
activities, and the absence of dedicated strategic efforts to contain specific invasive
plants, or to reduce the rate at which they invade particular areas. By contrast, they
found a clear signal that biological control had reduced rates of spread of several
important invasive alien plant species. Notably, however, SAPIA was not designed
as a tool to monitor management effectiveness, but rather as a means of collating
information on alien plant distributions and how that distribution has changed over
time. For reliable assessments of management efficacy over time, SAPIA would
need to be augmented by monitoring specifically designed for this purpose. There
have been few examples of such monitoring to date.

A species-specific study on the integrated control of Hakea sericea (Sweet
Hakea) was conducted in the Western Cape by Esler et al. (2010). The control
included a combination of felling and burning, augmented by biological control (van
Wilgen et al. 1992). Data from two surveys, 22 years apart, suggested that the
distribution of the species was reduced by 64%, from ~530,000 to ~190,000 ha
between 1979 and 2001. The species either decreased in density, or was eliminated
from 492,113 ha, while it increased in density, or colonised 107,192 ha. It was
concluded that the initial mechanical clearing, integrated with the judicious use of
prescribed burning, in the 1970s and 1980s by the then Department of Forestry (van
Wilgen et al. 1992) was responsible for reducing the density and extent of infesta-
tions, and that biological control was largely responsible for the failure of the species
to re-colonise cleared sites, or to spread to new areas following unplanned wildfires
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(Hill et al. 2020b, Chap. 19, Sect. 19.3). Between 2000 and 2015, H. sericea
increased its occurrence in quarter degree grid cells from 77 to 85, an increase of
10% (Henderson andWilson 2017). During the same period, the ecologically similar
pine trees [Pinus pinaster (Cluster Pine) and P. radiata (Monterey Pine), for which
no biological control is available] increased from 85 to 108, and from 70 to
95 QDGCs, or 27% and 21% respectively.

Marais et al. (2004) reported that good progress had been made with clearing
certain species (at a cost of ~ZAR 2.3 billion between 1996 and 2004, costs unadjusted
for inflation), but also that at current estimated rates of clearing, many of the targeted
species would not be brought under control within the next half century. They stressed
that their estimates were preliminary, given the incomplete data on the project
management system. In 2012, vanWilgen et al. (2012) reported that control operations
were in many cases only applied to a relatively small portion of the estimated invaded
area (2–5% depending on the species), despite substantial spending (ZAR 3.2 billion
in 2012 values).

21.7 The Effectiveness of Management in Selected Areas

21.7.1 Monitoring of Control Effectiveness

The effectiveness of control measures in a particular area (for example a protected
area, a catchment area, a farm, or a stretch of river) needs to be assessed against the
goal of the management, with such assessments based on regular monitoring of
outcomes. However, while almost all alien plant control projects in South Africa
have an implicit goal of reaching a “maintenance level”, this goal is seldom stated
explicitly in terms of the desired final extent or density of invasion (van Wilgen
et al. 2016; Fill et al. 2017). The concept of a maintenance level recognises that,
for most invasions, eradication is infeasible, but that invasions can be reduced to a
level where the negative impacts are negligible and control costs are relatively low
in perpetuity. In the vast majority of South Africa’s government-funded alien plant
control projects, the indicators used to monitor progress and set targets include the
amounts of money to be spent, the number of people to be employed, and the areas
to be treated. These are input or output indicators, rather than outcomes in terms of
changes in the levels of plant invasions (Wilson et al. 2018). In the absence of a
monitoring programme that is focussed on outcomes, it is difficult to assess
effectiveness objectively. However, several studies have been conducted, partic-
ularly over the past decade, in which the effectiveness of management has been
assessed, and these are summarised here. These studies provide a limited basis
from which to derive broad conclusions about the effectiveness of control
measures.
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21.7.2 Alien Plant Control Projects in the Cape Floristic
Region

Most studies addressing the effectiveness of alien plant control measures in
South Africa have been carried out in the Cape Floristic Region (CFR) in the Western
and Eastern Cape provinces. The natural vegetation of the CFR comprises fynbos
shrublands, and the most prominent invasive species are trees and shrubs (Australian
Acacia, Hakea, and Pinus species in particular). Historical costs for control in CFR
protected areas between 1996 and 2015 amounted to ZAR 564 million (2015 values;
van Wilgen et al. 2016), additional amounts spent outside of formally protected areas.
When assessed at the scale of individual projects, there is clear evidence that progress
has been made. Macdonald et al. (1989) recorded marked declines in cover of all alien
species in the Cape of Good Hope Nature Reserve following the implementation of a
systematic clearing plan in the 1970s. Similar declines were recorded in the Berg River
catchment (Fill et al. 2017; Fig. 21.2), the Vergelegen Estate (van Rensburg et al. 2017;
Fig. 21.3), and along the Rondegat River (Fill et al. 2018, see Sect. 21.9). In the
Hawequas mountains, where control focussed on the removal of abandoned pine
plantations, McConnachie et al. (2016) estimated that the cover of invasive trees
would have been almost 50% higher had there been no control. They also concluded
that control might have prevented a larger area from being invaded if it had focussed all
of its effort on untransformed land, and not on abandoned plantations. However, the
costs associated with many of these projects were much higher than originally esti-
mated.McConnachie et al. (2012) concluded that the cost to clear the Krom andKouga

Fig. 21.2 Area occupied by alien Pinus and Acacia trees at different levels of cover in the upper
Berg River catchment at the initiation of a control project in 2001, and after 13 years of treatments in
2014. Cover levels are dense (>50% cover), medium (26–50% cover), low (6–25% cover) and
scattered (0.5–5% cover). Figure redrawn from Fill et al. (2017) with permission
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catchments in the Eastern Cape was 2.4 times higher than the highest equivalent
estimate made elsewhere in South Africa at the time. The cost to clear the Berg River
catchmentwas estimated at ZAR6million in 1996 (2016ZARvalues; vanWilgen et al.
1997), but by 2016 the actual cost had reached ZAR 50million (2016 ZAR values), 8.3
times the original estimate, without having reached a maintenance phase (Fill et al.
2017). Similarly, on privately-owned land at Vergelegen Estate, operations cost 3.6
timesmore thanwas originally estimated (ZAR43.6 vs. 12.19million respectively; van
Rensburg et al. 2017). Much of this problem can be attributed to regular unplanned
wildfires which necessitate large amounts of follow-up to clear seedlings that appear in
dense stands after wildfires. However, in some cases, the additional costs may well be
due to management inefficiencies. For example, McConnachie et al. (2012) found
significant inefficiencies in the Krom and Kouga catchments, in the form of inaccurate
records, where 25% of the areas recorded as having been cleared had in fact not been
cleared; and Kraaij et al. (2017) found that the quality ofmany treatments in the Garden
Route National Park was inadequate, with work done to standard in only 23% of the
assessed area. The prognosis for gaining control of alien plant invasions in the CFR’s
protected area network was investigated by van Wilgen et al. (2016). The study
concluded that, for scenarios in which control measures continued against all invasive
plant species, the estimated required funding to achieve the goal of reducing invasions
to a manageable level was up to 4.6 times greater than the amount spent over the past
20 years. Under many plausible future scenarios (for example 8% spread and current or
reduced funding) the invaded area would continue to grow.

Fig. 21.3 Area occupied by invasive plants in six cover classes at VergelegenWine Estates in 2004
and 2015. The classes are occasional (<1% cover); very scattered (1–5% cover); scattered (5–25%
cover); medium (25–50% cover); dense (50–75% cover); and closed (>75% cover). Figure redrawn
from van Rensburg et al. (2017) with permission
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21.7.3 Management of Prosopis Species
in the Northern Cape

Trees in the genus Prosopis (Mesquite) were introduced to provide a source of
fodder for livestock in the arid areas of South Africa, and subsequently became
invasive. Historical estimates for the rate of spread of Prosopis trees in South Africa
ranged from 3.5 to 18% per year (van den Berg 2010; Wise et al. 2012), which
implied that the invaded area could double every 5–8 years. In the Northern Cape,
the estimated total invaded area increased by almost a million hectares between 2002
and 2007, which is equivalent to 27.5% per year, and this occurred at a time during
which ZAR 390 million (2012 values) was spent on control (van Wilgen et al. 2012).
A more recent update (RT Shackleton unpubl. data) found that the public works
clearing projects had treated 203,000 ha of the area invaded by Prosopis between
2000 and 2015. Each site also received on average 2.7 follow up clearings. The cost
of these measures amounted to ZAR 1.8 billion (unadjusted for inflation) over the
same period. The project started in 1995, but cost estimates prior to the year 2000 are
not available. Between 2000 and 2016, Prosopis glandulosa (Mesquite), and
Prosopis hybrids increased their range from 40 to 112, and 390 to 481 quarter-
degree grid cells, increases of 180% and 23% respectively (Henderson and Wilson
2017), suggesting that control is doing little to stop the spread of these trees.

21.7.4 Invasive Plant Control in the Kruger National Park
(Mpumalanga and Limpopo Provinces)

Van Wilgen et al. (2017) provided a recent review of alien plant control in the
Kruger National Park (KNP). There have been attempts at control in the KNP since
the mid-1950s, but in the late 1990s these attempts were broadened, and between
1997 and 2016, over ZAR 300 million was spent on invasive alien plant control.
Good progress was made with the control of several species, notably Sesbania
punicea (Red Sesbania), Opuntia stricta (Australian Pest Pear), Lantana camara
(Lantana) and two species of invasive alien aquatic plants. In all of these cases,
progress with reducing populations of the invasive species was due to biological
control. Nonetheless, much effort was also directed towards species that were
subsequently recognised as being of lower priority. For example, 38% of available
funds was spent on alien annuals between 1997 and 2016. Funds were sometimes
directed towards these annuals to meet the goals of employment creation in areas
where priority species were not present. The absence of documented assessments of
the potential impact of various species also allowed managers to base their decisions
on perceptions of the relative impact of candidate species. In addition, because
management goals were focussed on inputs (funds disbursed, employment created)
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or outputs (area treated), there was a lack of monitoring the ecological outcomes of
control operations.

21.7.5 Control of Chromolaena odorata in the Hluhluwe-
iMfolozi Park, KwaZulu-Natal

In 1978, managers of the 90,000 ha Hluhluwe-iMfolozi Park (HiP) in KwaZulu-
Natal first noticed the presence of the alien shrub Chromolaena odorata (Triffid
Weed). By 2003, this species had increased in extent and covered almost half of the
HiP (Dew et al. 2017). A concerted control programme was then implemented at a
cost of ZAR 103 million, and by 2011 the invasions were reduced to acceptably low
levels (Fig. 21.4). The success came about because the management team applied
several aspects of best practice, including a dedicated “rapid response” team, the
integration of fire and mechanical clearing, a focus on areas of low infestation,
flexibility with regard to the deployment of teams, regular monitoring and generous
funding. In addition, te Beest et al. (2017) reported that “the team was only paid
following completion of a contract and after a thorough inspection of the quality of
the work by the Project Manager”. Many other control projects in South Africa
unfortunately did not incorporate these features, and this may well account for the
differences in success. This programme essentially focussed on a single species, and
the control of other invasive taxa in the HiP was not documented.

Fig. 21.4 Area invaded by Chromolaena odorata (Triffid Weed) in Hluhluwe-iMfolozi Park, and
areas cleared and followed up between 2000 and 2013. Figure redrawn from te Beest et al. (2017)
with permission
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21.8 Managing Conflict Species

21.8.1 Conflict Species in South Africa

Conflict-generating invasive alien species are defined as species that have relatively
high value for some people, while at the same time being capable of invading natural
vegetation and generating high levels of negative impact (van Wilgen and Richard-
son 2014; Zengeya et al. 2017). There are several prominent examples of such
species in South Africa (Table 21.2). The management of species that fall into this
category is complicated because opposing value systems have to be accommodated.
In South Africa, this issue has been addressed in a number of ways, discussed in the
sections below.

21.8.2 Catering for Conflict Species in Regulations

Species listed as invasive in South Africa’s A&IS Regulations have to be controlled,
and may not be cultivated or traded. However, permits will be granted for some
species (listed as Category 2) that have commercial value. These can be cultivated
and traded under permit, but the permit-holder can be held liable for spread of the
species. Some listed invasive species may be exempted from control requirements if
there are many individual plants that have significant ornamental value (Category 3).
These individual plants may be retained (e.g. in gardens), but may not be further
cultivated, traded, or replanted (i.e. the species are phased out rather than attempting
to actively remove them from private property). It is currently unclear whether or not
these regulatory approaches are effective (van Wilgen and Wilson 2018).

21.8.3 Using Biological Control Agents to Reduce Seed
Output

Proposals for the control of invasive Australian Acacia species were initially
strongly resisted by the wattle industry (Stubbings 1977). Ecologists working in
the field of biological control subsequently proposed the use of seed-feeding and
gall-forming agents for these trees, and these were released following protracted
negotiations with representatives of the wattle industry. These agents have been
markedly successful in reducing seed output (Moran and Hoffmann 2012), and have
substantially slowed the spread of these species in many areas (Henderson and
Wilson 2017; Hill et al. 2020b, Chap. 19).
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21.8.4 Using Sterile Cultivars

The use of sterile cultivars (for example in the case of Pinus and Australian Acacia
species used in commercial forestry) is sometimes proposed as a solution to the problem
of invasions that originate from commercial plantations, but there are no documented
cases ofwhere this has been successful in SouthAfrica. It has also been shown that large
reductions in fecundity do not necessarily adequately reduce the population growth
rates of long-lived species, which remain an invasion threat (Knight et al. 2011). In
addition, while modern technologies such as genetic modification may be used to
develop sterile varieties (Miao et al. 2012), forestry companies stand to lose environ-
mental certification status as certifying bodies prohibit the use of genetically modified
organisms (van Wilgen and Richardson 2012). Similarly, the use of sterile cultivars of
horticultural species has been proposed as a means of reducing conflicts. There are,
however, still several open research questions as to the nature and stability of sterility
required to sufficiently reduce the risk, and whether sterility on its own would be
sufficient to prevent invasions (Richardson and Petit 2005).

21.9 Returns on Investment from Control Measures

The economic costs of plant invasions, and the economic benefits of control, have
also been the subject of a few studies in South Africa. One study (De Lange and van
Wilgen 2010) suggested that the cost of some impacts (lost water, grazing and
biodiversity) was currently about ZAR 6.5 billion per annum, but would become
much higher as invasions grow. In the case of biological control of invasive plants,
all studies have estimated very high returns on investment. By comparing the costs
of biological control research and implementation to the benefits of restored ecosys-
tem services, or avoided ecosystem degradation, and avoided ongoing control costs,
biological control was shown to be extremely economically benefitial, with esti-
mated benefit:cost ratios ranging from 8:1 up to 3726:1 (van Wilgen and De Lange
2011).

To estimate a return on investment from mechanical and chemical alien plant
control measures, it would be necessary to know both the historic cost of control, and
the value of impacts avoided due to control. There are no reliable estimates of the
value of impacts avoided due to control. It is well known, though, that the cost per
unit area to control an invasion rises exponentially as the density of the invasion
increases (Marais et al. 2004). If invasions can be contained while they still occupy a
smaller area, at relatively low densities, returns on investment from control opera-
tions should be positive. At some point, as yet unquantified, the cost of effective
control would exceed the cost of the impact, and attempts to mechanically or
chemically control invasions at this stage would deliver negative returns on invest-
ment (Fig. 21.5). More research is needed on this aspect to gain a better
understanding.
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There have been mixed findings regarding returns on investment from alien plant
control projects. In a cost-benefit analysis of six sites in the Eastern Cape, Hosking
and Du Preez (2004) concluded that “catchment management on all the sites carried
out by the Working for Water Programme is inefficient”; benefit:cost ratios ranged
between 0.03 and 0.75, indicating negative returns on investment, although though
the benefits of associated employment creation were not included. By modelling the
spread of alien plants and their effects on water runoff, with and without attempts
at control, in the Western Cape’s Berg River catchment, van Wilgen et al. (1997)
concluded that such control would be “effective and efficient”. The estimated
delivery cost of water, with and without the management of alien plants, was
57 and 59 c kl�1 respectively. The projected clearing costs used in arriving at this
estimate were around ZAR 180,000 per year for initial clearing over 10 years,
followed by about ZAR 25,000 per year for maintenance thereafter (1997 ZAR
values). The actual costs eventually amounted to almost ZAR 50 million by 2015
(2015 ZAR; 8.3 times greater than the net present value of costs estimated in 1997,
Fill et al. 2017). Despite considerable reductions in the cover of alien plants by 2015,
the invasions were still present over much of the area, albeit at reduced densities.

Fig. 21.5 Hypothetical representation of increases in the costs of impact, and the costs of control,
associated with alien tree invasions. The cost of control increases exponentially as the invaded area
and the density and size of trees increase. Control becomes economically unsustainable at the point
at which the costs of control are exceeded by the costs suffered as a result of invasion (From van
Wilgen and Richardson 2014). There are, of course, many other potential forms of these relation-
ships—impact is often negligible at low densities, but rises exponentially once a threshold has been
passed, while there are often fixed costs to controlling an area (related e.g. to issues of access and the
minimum size of a control team). Of particular concern is that in general by the time an invasion has
very obvious impacts, the cost of control is already several fold greater than the cost of pre-emptive
management. If control costs vastly exceed impact costs (as per the far right of the graph), it has
been proposed that control should not be attempted, and focus should rather be placed on deriving
benefits from such “novel ecosystems”. There are, however, various criticisms of this concept,
e.g. that it might encourage managers to give up when it would be preferable to implement control
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The outcome that was projected in 1997 had therefore not been realised, because
control methods were not effectively applied, and because the control costs were
underestimated (Fill et al. 2017).

Finally, the potential returns on investment from invasive plant control operations
have been the subject of several recent studies that compared the outcomes of
various management scenarios (Vundla et al. 2016; Mudavanhu et al. 2016;
Morokong et al. 2016; Nkambule et al. 2017). The scenarios included different
rates of spread, included or excluded value-added products using biomass from
invasive plants, and included or excluded private sector co-funding. The inclusion
of co-funding and value-added products delivered more favourable returns on
investment, and a failure to intervene at all would deliver negative outcomes.
These operations could therefore be financially viable, but the accuracy of the
predictions depends on whether or not the underlying assumptions will hold.
These assumptions include that effective and professional clearing would continue
into the future; that co-financing would be available; that due compensation for
the services rendered and the value-added products produced would be realised;
that the extent of the invasions was accurately known; and that the costs had been
accurately estimated. Most, or even all, of the above assumptions will not hold,
however, because alien plant invasions are rarely accurately mapped (see, for
example, Cheney et al. 2018); the costs of control are routinely under-estimated
by a factor of 3–7 times; there are low levels of efficiency associated with control
work; and including value-added products could lead to unintended consequences.
Consequently, there can only be a low level of confidence in these predictions of the
return on investment from control projects.

21.10 Synthesis

There are a number of points that can be made with regard to the effectiveness of
mechanical and chemical control measures. Firstly, as widespread invasions by alien
plants can bring about substantial costs, it would obviously be beneficial to reduce
invasions as far as possible. In South Africa, the largest proportion of funding for
control operations comes from the Working for Water programme (WfW) within the
Department of Environmental Affairs. Between 1995 and 2017, WfW spent ZAR
15 billion (unadjusted for inflation) on alien plant control, but this has only been
enough to deal with between 2 and 5% of the estimated extent of invasions each
year, and so the most important invasive species continue to spread (van Wilgen
et al. 2012; Henderson and Wilson 2017).

Control interventions have nonetheless succeeded in reducing the extent of
invasions in some areas. Early work demonstrated that the systematic implemen-
tation of a careful plan resulted in the reduction of populations of invasive alien
trees and shrubs to maintenance levels (Macdonald et al. 1989). Where concerted
efforts have been made to remove invasive trees from fynbos catchment areas,
marked declines in the density have been achieved (Fill et al. 2017; van Rensburg
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et al. 2017). One estimate (McConnachie et al. 2016) suggested that the invaded
area in the fynbos-clad Hawequas mountains would have been almost 50% higher
if control operations had not been carried out. Ongoing control has also reduced
the extent of invasions of several species in savanna ecosystems, including
Lantana camara, Opuntia stricta, and Chromolaena odorata (van Wilgen et al.
2017; Dew et al. 2017; te Beest et al. 2017). At several localised sites, therefore,
control measures have been effective. The picture changes when progress is
assessed at a national scale, however, because plant invasions have generally
continued to grow, some substantially (Henderson and Wilson 2017). Meaningful
progress in reducing widespread invasions to a maintenance level, therefore, can
arguably only be made if the available funding is focused on priority sites and
species (Box 21.2). Essentially, the conscious practice of conservation triage
(Bottrill et al. 2008) will need to be introduced, and this will require agreement
on which species, and which areas, to target for control. Because alien plants
spread more rapidly than they are being removed, current control efforts could fail
if funds are spread too thinly, as suggested by modelling exercises (Higgins et al.
1997; van Wilgen et al. 2016). If adequate funding were re-directed to agreed
priority areas, then the chances of achieving control in those areas would increase.
Similarly, by focussing on priority species, scarce funds could be concentrated
where they would be most effective. For example, funding for the control of Pinus
and Australian Acacia species in fynbos is divided equally between these two taxa
(van Wilgen et al. 2016). Pinus species, however, will eventually cover a much
larger area than Acacia species if allowed to spread. If funds were diverted from
Acacia species (which are under more effective biological control) to Pinus, then
the eventual outcome would be far more favourable. Although prioritisation
studies have already been initiated (e.g. Forsyth et al. 2012), it is going to be
challenging to get managers to accept the need for triage, because terminating
projects where funds have already been expended will understandably meet with
resistance (see also Foxcroft et al. 2020, Chap. 28, Sect. 28.7). In conclusion, the
implementation of focused, well-funded and well-managed control measures
should bring invasions down to a maintenance level in many priority areas.
Such interventions should bring very attractive returns on investment, but they
will require some fundamental changes to the current modus operandus.

Box 21.2 Wisdom from the Past
Alien plant control has been considered, and practiced, in South Africa for
many decades. The question arises as to whether we can learn from this
experience. Two quotes, in particular, seem relevant.

In his report on the conservation of the vegetation of the Cape Floristic
Region, Prof. C.L. Wicht noted that “it seems, at present, that unless enor-
mous sums of money are expended on their [invasive alien plant] eradication
or control they will become dominant everywhere except in nature reserves
and other selected areas where they will constantly be destroyed”

(continued)
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Box 21.2 (continued)
(Wicht 1945). There are two important aspects to this quote. First, there was an
assumption that attempts to bring alien plant invasions down to maintenance
levels would focus only on protected areas, and second, that a focus on
protected areas would be the only way in which at least a representative
portion of the unique Cape vegetation could be retained. In essence, this was
an early call for the need to practice conservation triage. This concept
(whereby some invaded land is abandoned to invasions, with control focussing
on areas where progress can be made) has recently re-emerged (Bottrill et al.
2008; van Wilgen et al. 2016), but is controversial.

In the 1970s, the Department of Forestry embarked on an ambitious
campaign aimed at eliminating invasive alien Hakea shrubs from vast areas
in the southwestern mountains of what was then the Cape Province. John
Fenn, regional director of forestry in the Western Cape, noted in 1980 that “By
using new methods and techniques, the brush-cutter became the most useful
and effective machine for these operations. The costs of eradicating dense
areas of Hakea dropped dramatically. Labour units used per hectare dropped
from 22 to 5, and in certain areas, dropped as low as 1.5 units per hectare. All
of a sudden the clearing of these vast areas of Hakea no longer looked
impossible” (Fenn 1980). This is a clear indication that mechanised techniques
are essential if the goals of reaching a maintenance level are to be achieved.
However, the current practice of relying on manual and labour-intensive
clearing (to maximise employment opportunities) has reduced efficiency
levels, resulting in a lack of progress towards the goals of reaching a mainte-
nance level (Fill et al. 2017).
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