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Abstract Considerable advances have been made since the first estimates of the
impacts of invasive alien plants on water resources in the early 1990s. A large body
of evidence shows that invasive alien plants can increase transpiration and evapora-
tion losses and thus reduce river flows and mean annual runoff. Riparian invasions,
and those in areas where groundwater is accessible, have 1.2-2 times the impact of
invasions in dryland areas. The magnitude of the impacts is directly related to
differences between the invading species and the dominant native species in size,
rooting depth and leaf phenology. Information on the impacts has been successfully
used to compare the water use of invasive plants and different land cover classes, to
quantify the water resource benefits of control measures, and to prioritise areas for
control operations. Nationally, the impacts of invasive alien plants on surface water
runoff are estimated at 1.44—2.44 billion m> per year. The most affected primary
catchments (>5% reduction in mean annual runoff) are located in the Western and
Eastern Cape, and KwaZulu-Natal. If no remedial action is taken, reductions in
surface water runoff could increase to 2.59-3.15 billion m® per year, about 50%
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higher than current reductions. This review illustrates the importance of measuring
water-use over as wide a range of species as possible, and combining this with
information from remote sensing to extrapolate the results to landscapes and catch-
ments. These methods will soon provide much more robust estimates of water use by
alien plants at appropriate spatial and temporal scales. The results of these studies
can be used in water supply system studies to estimate the impacts on the assured
yields. This information can also be used by catchment water resource managers to
guide decision-makers when prioritising areas for clearing and rehabilitation, and for
targeting species for control measures.

15.1 Introduction

South Africa is an arid country with a mean annual rainfall of about 490 mm, only
9% of which ends up as water in rivers or aquifers (Bailey and Pitman 2015). This
situation is exacerbated by the concentration of high rainfall areas in the south and
east and low rainfall areas in the western and northern parts (van Wilgen et al. 2020,
Chap. 1). Just 8% of South Africa, Lesotho and Swaziland generates 50% of the river
flows (Nel et al. 2017). The most recent national assessment of the water situation
reported that essentially all the reliably available water resources are already in use,
so no additional demands can be accommodated (DWAF 2013). The recent droughts
across South Africa have highlighted the deteriorating water security situation, and
the need to protect water source areas from land cover changes that would decrease
usable runoff. One of the key changes is the invasion and replacement of the natural
vegetation by invasive alien plant species which alter the vegetation structure and
water-use characteristics in ways which can reduce the runoff, or decrease the
groundwater recharge.

15.1.1 Brief History of Concern About Hydrological Impacts

Among the major invasive alien plants are a wide variety of tree species which were
introduced to South Africa over the past few centuries to address timber shortages
caused by: (a) the very limited extent of natural forests (Rutherford et al. 2006), and
(b) the lack of suitable fast-growing native tree species that are good for timber
(Richardson et al. 2003; Le Maitre et al. 2004). The first plantations were in the
Western Cape, but soon extended to areas of the Eastern Cape, KwaZulu-Natal,
Mpumalanga and Limpopo. Land owners downstream of the plantations on both
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state and private land soon began raising concerns about the drying-up of streams
and rivers downstream of the planted areas, concerns which were opposed by the
foresters who believed the plantations were not the cause (Bennett and Kruger 2014).
These concerns increased following a succession of severe droughts in the 1920s,
and testimonies given to Commissions investigating the causes and consequences of
the droughts. At the fourth British Empire Forestry Conference in South Africa, a
Committee on Forest Influences was established and recommended that a long-term
research programme be initiated to determine the impacts of afforestation on water
supplies (Wicht 1949; Bennett and Kruger 2014; van Wilgen et al. 2016). This
research programme provided unequivocal evidence that tree plantations do reduce
runoff relative to the natural vegetation they have replaced, a finding supported by
numerous catchment-level studies across the world (van Lill et al. 1980; Bosch and
Hewlett 1982; van Wyk 1987; Scott et al. 2004; Farley et al. 2005).

Many of these tree species began to invade the adjacent natural vegetation, a
tendency which was initially praised, but later led to concern about their potential
impacts on river flows as well as biodiversity (Kruger 1977; van Wilgen et al. 1992,
2016). Although the initial forebodings were raised about tree invasions, they soon
extended to the hydrological impacts of species with other growth forms, especially
woody plants (Versfeld and van Wilgen 1986). These issues were raised in various
forums and were also used to motivate for the first assessment of the hydrological
impacts of invasions, which found that they could have a significant impact on Cape
Town’s water security (Le Maitre et al. 1996). The information from this research,
together with other findings, was used to motivate for the establishment of the
Working for Water Programme in 1995 (van Wilgen et al. 1998). The programme
supported ongoing research into the hydrological impacts of invasions, leading to the
first national assessment of their impacts which found that invasions were reducing
the naturalised mean annual runoff across South Africa by about 3.30 billion m’
(6.7% of the country’s mean annual runoff) (Le Maitre et al. 2000). It also supported
the first assessment of the impacts of Acacia mearnsii (Black Wattle) (Dye et al.
2001; Dye and Jarmain 2004), short-term gains in stream flows following clearing
(Dye and Poulter 1995; Prinsloo and Scott 1999), and the first overview of their
hydrological impacts (Gorgens and van Wilgen 2004).

Many other species with different growth forms were also introduced for various
purposes (e.g. fodder, hedges, and horticulture), and invading plant species in
South Africa now include the full range from herbaceous annuals and perennials,
succulents like cacti, scramblers, shrubs and large trees (Richardson et al. 1997;
Henderson 2007). This diversity of invading plant species and growth forms poses a
significant challenge to researchers and managers seeking to understand and quan-
tify the hydrological impacts they could have, because there are too many species to
investigate individually. We discuss below how this challenge is being addressed,
before reviewing the findings of the studies of invasive alien plant impacts to date.
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15.2 Vegetation and Plant Characteristics and Site-Specific
Conditions

The challenge of trying to bring a broad understanding of how changes in vegetation
characteristics can alter the water balance was recognised by Calder (1986, 2005).
He developed a conceptual model which posits that plant water-use is limited by a
number of their characteristics, provided water availability is limited to water from
rainfall (Fig. 15.1). He argued that their size (generally related to their growth-form),

Trait High impact Low impact

Invader trait Native trait Invader trait Native trait
Size
Growth form Tree Grass Tree Tree
and canopy
structure
Rooting depth Deep % Shallow Deep Deep
Physiology
Leaf seasonality

Evergreen Seasonal Seasonal Seasonal
Stomatal 5 o .
control : : i

Vapour pressure deficit Vapour pressure deficit Vapour pressure deficit Vapour pressure deficit

Weak Strong Strong Strong

High Low Low Low
Xylem Cavitation Cavitation Cavitation Cavitation
characteristics resistance high resistance low resistance high resistance high

Conductivity high | Conductivity low Conductivity high | Conductivity high

Fig. 15.1 The relationship between the magnitude of the hydrological impacts and the combina-
tions of key plant traits that have been found to influence the impacts of plant invasions on water
resources relative to natural vegetation. From Le Maitre et al. (2015b)
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combined with their canopy structure and physiological traits, could explain how
changes in dominant plant characteristics could alter runoff. The concept was
derived from studies worldwide which have shown that certain kinds of changes
in the characteristics of the dominant plants in catchments led to changes in the
relationship between rainfall and runoff, indicating shifts in the water balance
(Bosch and Hewlett 1982; Zhang et al. 2001).

The limits concept can be applied to invasive plants to provide insights into the
likely impacts of invasions replacing natural vegetation in situations where the
available water is limited to that from rainfall (Le Maitre 2004; Le Maitre et al.
2015b) (Fig. 15.1). The first distinction is based on plant size, which is linked to
growth and associated traits. Trees are taller than grasses so their height exposes
them to more light and air movement (Jarvis and McNaughton 1986), and they also
tend to have deeper root systems (Canadell et al. 1996; Jackson et al. 1996) which
allows them to tap into more of the stored soil moisture than the grasses. So, trees
that are invading grasslands will typically cause a large increase in transpiration, and
a concomitant reduction in runoff. Where the grasses are seasonal rather than
evergreen, and the trees are evergreen, the difference will typically be the greatest.
Where the invading and the native trees are similar, the degree of the change in
runoff will depend more on differences in physiological traits. For example ever-
green trees replacing seasonally deciduous ones are likely to have less impact than
seasonally deciduous trees replacing grasses. The shifts can also be more subtle but
still have substantial impacts, such as the replacement of native mixtures of annual
and perennial plants by invading alien grasses and then by invading thistles (Gerlach
2004).

The limits concept was implicit in models based on biomass and growth-form,
which were initially used to estimate the hydrological impacts of invasions as the
incremental reductions in streamflow (i.e. the change relative to the natural vegeta-
tion). The models grouped the invading species according to their growth forms,
linked this to models of biomass versus age for each growth form and, finally,
distinguished between riparian and upland invasions (Le Maitre et al. 1996, 2000;
van Wilgen et al. 1997). The early models estimated the reductions in runoff in
actual amounts (mm per year), which was acceptable in well-watered environments
but was problematic as it failed to allow for limitations on water availability to
plants, especially in more arid environments. These models were revised and
modified to a percentage reduction, again with adjustments for riparian environ-
ments (Dzvukamanja et al. 2005; Le Maitre et al. 2013, 2016).

Calder’s limits concept was developed for upland or non-riparian environments
where the amount of water available is determined primarily by rainfall and the
water-holding characteristics of the soil. This is not the case in riparian environ-
ments, or where there is shallow groundwater, which means that the plants have
access to more water than is supplied by the rainfall. Thus, invasive alien plants in
these areas can have substantially higher water-use than those in water-limited
upland environments, with the new limits being imposed by factors such as the
atmospheric demand or maximum transpiration rates (Le Maitre et al. 2015b). This is
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a concern because there are extensive riparian invasions, particularly in the grass-
lands and savannas (Le Maitre et al. 2000; van Wilgen et al. 2007).

The dominant vegetation types across the higher rainfall areas of South Africa are
savanna and grassland, dominated by shallow-rooted plants with low leaf-areas,
many of which are dormant in the dry season. The strategic surface water source
areas (SWSAs) of South Africa are high-lying, high-rainfall mountainous areas
dominated by grasslands and shrubs, notably fynbos, with isolated patches of native
forest (WWF-SA 2013; Le Maitre et al. 2018). Important invaders, particularly in the
SWSAs, are the eucalypts, pines and Black Wattle (Acacia mearnsii) used by the
commercial forest industry, which covers approximately 1.2 m ha (Godsmark 2017),
or 13% of these high rainfall environments, and is an important seed source that fuels
invasions (Rouget et al. 2003).

These tree species are characteristically deep-rooted, evergreen, with high leaf
area and canopy cover (High impact, Fig. 15.1), often differing fundamentally from
the natural vegetation they replace, both as individual plants, and when forming
stands. The primary impact is an increase in evapotranspiration (ET) relative to the
“Baseline” ET of the natural vegetation, resulting in a reduction in streamflow which
varies between species (see Sect. 15.3). In the case of groundwater, invasions lead to
areduced recharge and, where the groundwater is within the rooting depth, to direct
exploitation of the groundwater (Le Maitre et al. 1999, 2015b). In well-managed
plantations their impacts on river flows can be anticipated and sustainably managed.
However, when these species invade, particularly in riparian areas, or in areas where
they use more water than the original vegetation (e.g. grassland or fynbos), they can
have a significant impact on river flows.

15.3 Modelling Versus Measuring Water Resource Impacts

A number of methods are available to quantify the water resource impacts of
invasive alien plants. These may be broadly divided into measurement techniques
and modelling approaches, which can occur at the plant and catchment levels.
Catchment scale measurements have used paired catchment studies (involving forest
plantations) and soil water balance assessments, while lysimetry can be used for
more localised assessments. Sap flow measurement (using techniques such as stem
heat balance, heat pulse velocity, or continuously heated probes) are often used to
estimate the transpiration of individual plants (Burgess et al. 2001). The ET com-
ponent can be quantified using micrometeorological and surface energy balance
systems (e.g. Bowen ratio, eddy covariance, surface renewal) (Jarmain et al. 2008).
These methods measure ET around a flux tower and the flux footprint depends on the
height of the sensors above the canopies as well as the prevailing wind speed and
direction. Window periods of measurement with sensitive and high maintenance
equipment, for approximately 2 weeks at a time during different seasons, has been
used recent times (Dye et al. 2008; Jarmain et al. 2008; Clulow et al. 2012, 2013,
2015). Long-term surface renewal systems, which are cheaper and have a lower
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power requirement, have been used to compliment short-term eddy covariance
measurements (Clulow et al. 2012). One of the challenges in the quantification of
water use by invasive alien plants is that many of the measurement techniques only
provide ‘point-based’ estimates of transpiration or evapotranspiration.
Scintillometry overcomes the concerns relating to the ‘point-based’ and limited
‘footprint’ scale issue to an extent, as it provides a path averaged estimate of sensible
heat flux (Meijninger et al. 2002; Clulow et al. 2011, 2015).

15.4 Species and Stand-Level Studies

The impact of specific invasive alien tree species on streamflow has been assessed in
field studies, some of which covered extended periods (Table 15.1). These include
Acacia mearnsii (Dye and Jarmain 2004; Clulow et al. 2011; Everson et al. 2014),
Eucalyptus camaldulensis (River Red Gum) (Dzikiti et al. 2016), Pinus radiata
(Monterey Pine) (Dzikiti et al. 2013b), Prosopis species (Dzikiti et al. 2013a, 2017)
and Populus canescens (Grey poplars) (Ntshidi et al. 2018). In recent years some
studies have also focused on the impacts of the invasive alien plants on groundwater
[e.g. Prosopis (Dzikiti et al. 2013a)] although these measurements were also over
short periods.

In addition to invasive alien plants, some recent studies have also monitored the
water use patterns of co-occurring native vegetation in order quantify the incremen-
tal water use by the invasions over and above that of the native vegetation (Dzikiti
et al. 2016). Gush and Dye (2015) describe measurements of the water use (transpi-
ration and ET) of a range of native tree species and forest types, and compare these
with the water use of introduced tree species. The results show that the water-use of
the introduced species is generally higher. Measurements of A. mearnsii growing
alongside an afro-temperate forest in the Eastern Cape found that its water-use was
about twice that of the native forest species (Scott-Shaw and Everson 2018). A
comparison of the water use of Prosopis species with the coexisting and structurally
similar native Vachellia karroo (Sweet Thorn) in an arid riparian environment in the
Northern Cape found that water use of comparably-sized trees was similar, but the
greater density, and more extensive invasions, of Prosopis resulted in much greater
impacts on groundwater per unit area (Dzikiti et al. 2017).

Overall, the findings of these studies are that trees invading riparian areas where
they have access to additional water, or areas where groundwater can be accessed by
their root systems, will transpire substantially more water than those in adjacent
dryland areas. The differences between dryland and riparian invasions vary but
range from 1.2 to 2 times as much water as the equivalent trees in dryland settings
(Le Maitre et al. 2015b, 2016). The Prosopis-Vachellia comparison found that
similarly-sized trees transpired similar quantities of water (Dzikiti et al. 2018), but
other comparisons of alien and native tree species in riparian settings have found the
water-use of the alien trees to be substantially greater (Everson et al. 2011; Gush
et al. 2015).
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15.5 Extrapolating to Larger Spatial and Longer Temporal
Scales

Modelling is a commonly applied technique to extrapolate ET or transpiration
estimates to larger spatial and longer temporal scales. The availability of observed
data to verify the estimates and assumptions involved significantly reduces uncer-
tainty (Allen et al. 1998). Addressing the water resource impacts of invasive alien
plants in a truly integrative manner would require researchers to deal with large
number of species, typically occurring as mixtures of varying densities, across a
range of climates and with access to both groundwater and surface water. One way of
assessing this variability at large spatial scales is to use remote sensing data to
estimate evapotranspiration from invasive alien plants and contrast them with
simultaneous evapotranspiration estimates from native vegetation. This approach
does have limitations (e.g. impact of clouds, resolution of images in time and space,
requirements for verification on the ground), but also the potential to estimate the
water resource impacts of a wide range of invasive alien plants in a consistent
manner over a large area, and compare them with other land cover classes (Gibson
et al. 2013; Meijninger and Jarmain 2014; van Niekerk et al. 2018). The only study
of this type thus far found that the annual evaporation from areas with invading
species was greater than from adjacent areas of natural vegetation across both the
Western Cape and KwaZulu-Natal (Meijninger and Jarmain 2014). This is consistent
with the generally greater water-use observed in the species and stand level studies
described above and a promising development. The spatial and temporal resolution
of the images is increasing and will make these techniques more robust and useful in
the future.

15.6 Translating Impacts on Runoff to Impacts on Yields

The implications of streamflow reductions due to alien plant invasions for the
assurance of yields from large water supply reservoirs, and bulk surface water
resource systems, have been examined in a number of studies over the past two
decades (Gillham and Haynes 2001; Larsen et al. 2001; Le Maitre and Gorgens
2003; Dzvukamanja et al. 2005; Cullis et al. 2007; Le Maitre et al. 2019). They
spanned a range of bioclimatic regions and landscapes across southern Africa and
used differing algorithms, hydrological and systems models, actual or hypothetical
dams, definitions of yield at a given assurance and levels of invasion, modelling
periods and “current” and “future” levels of invasion. Despite the differences in
approaches, methodologies and assumptions among these studies, they all found that
allowing invasions to continue without any control would result in a significant
reduction in system yields (Table 15.2).

The effects of the reductions in runoff into the dams are likely to be greater during
droughts, which would magnify the impacts on yields, especially during prolonged
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droughts. The current reduction in the yield of the Western Cape Water Supply
Scheme due to invading alien plants is estimated to be 38 million m® per year
(Le Maitre et al. 2019). If Cape Town’s daily water consumption was 550 MI per
day, then the yield reduction is equivalent to nearly 60 days of supply. In other
words, the infamous “Day Zero”, the day that dams would essentially run dry, and
domestic users would have to collect their own water from supply points, could have
been delayed by 60 days. This estimate ignores the cumulative impact of the water
used by invasions from the beginning of the drought in 2015 until a date for “Day
Zero” was set in 2017.

The one aspect that has been neglected in most of these studies (but see Cullis
et al. 2007, Table 15.2), is the potential impact on users who are not supplied by
large water supply schemes and dams, but who depend on small water supply
systems, abstraction via weirs or diversions, or pumping directly from a river. A
similar impact would hold for groundwater users who depend on water pumped from
aquifers where the recharge areas have been invaded or where the root systems of
invaders can reach the water table. These users have little or no ability to buffer the
impacts of invasions on water availability, reducing their water security.

15.7 TImpacts of Potential Invasion Scenarios and Climate
Change

15.7.1 [Invasion Scenarios

The most recent estimate of the national impacts of invasive alien plants on river
flows is that they reduce the MAR by about 1.44 billion m*/year, or 2.9% of the
naturalised mean annual runoff (less than 50% of the 3.30 billion m*/year estimated
in 2000) (Le Maitre et al. 2016) (Fig. 15.2). The difference is mainly due to two
things: (a) the estimated unit area reduction was 970 m3/ha/year versus the 1998
estimate of 1900 m>/ha/year, mainly because of updates in the models; and (b) the
2007 mapping resulted in a total condensed invaded area of 1 million ha (Kotz¢ et al.
2010) compared with 1.76 million ha mapped in 1997. However, the 2007 survey
excluded South Africa’s arid interior, so the latest results under-estimate the full
impacts. In addition, the extent of the high-water-use riparian invasions was under-
estimated by the 2007 mapping. If the proportion riparian invasions was increased to
match those from 1998, this would increase the total reduction by about 1 billion m*
per year (Le Maitre et al. 2016).

The greatest estimated impact is due to wattles (Acacia mearnsii, A. dealbata and
A. decurrens) which account for 34% of the reductions, followed by Pinus species
(19.3%) and Eucalyptus species (15.8%) (Le Maitre et al. 2016). Most of the wattle
(70%), eucalypt (60%), and pine (40%) invasions, and the majority of poplar
(Populus) and willow (Salix) invasions occur in the Grassland Biome, which
explains why the impacts in this biome are relatively high. Data from 2007 for
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Fig. 15.2 Estimated percentage reductions in the pre-development mean annual runoff per qua-
ternary catchment (Le Maitre et al. 2016) based on invasive alien plant mapping in 2007 (Kotzé
et al. 2010). Letters indicate provinces: WC Western Cape, NC Northern Cape, EC Eastern Cape,
KZN KwaZulu-Natal, F'S Free State, NW Northwest, Ga Gauteng, Mp Mpumalanga, Li Limpopo

Prosopis invasions in the Northern Cape (van den Berg 2010) suggests they reduce
the MAR by about 9 million m*/year, primarily in the Orange River catchment
(Le Maitre et al. 2013). Projections of the invasions in the remaining natural
vegetation in the mapped catchments, suggest that the impacts will increase
(Le Maitre unpublished data). At an spread rate of 5%/year and density increase of
1%lyear, the total reduction in MAR would reach £2.59 billion m*/year (5.2% of
MAR) in 25 years (i.e. 2032) (Fig. 15.3). At 10%/year, they would reach +3.15
billion m*/year by 2032 (6.3% of MAR). The increases in reductions are spread all
through the area mapped in 2007, but are greatest in the high MAR catchments of the
Eastern Cape, Kwa-Zulu-Natal and the Western Cape where they will have signif-
icant impacts on water security.
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Fig. 15.3 The projected reductions in pre-development MAR by about 2032 if invasions of natural
vegetation are allow to continue unmanaged at annual expansion rate of 5% and densification of 1%
(Le Maitre unpublished data). Letters indicate provinces (see Fig. 15.2)

15.7.2 Climate Change and Hydrological Impacts
of Invasions

The effects of climate change on the hydrological impacts of invasions have been
assessed in three differing but somewhat complementary ways, one being to exam-
ine the likely impacts on the major invaders in different biomes, another being to
assess the impacts of increasing CO, concentration, and the third being to compare
the effects on the impacts of current invasions under current and future climates.
There have been some studies which have evaluated the impacts of climate
change using their understanding of the impacts of climate change at the biome
level on invading plant species which are characteristic for particular biomes
(Thuiller et al. 2006; Henderson 2007; Richardson et al. 2010; Rouget et al. 2015).
Although the impacts of climate change on the Fynbos Biome, and the more arid
biomes, were initially predicted to be substantial (Rutherford et al. 1999), more
recent predictions suggest less drastic shifts in the west and a significant expansion
of the Savanna into the Grassland Biomes (DEA 2013a). However, these projections
are based on the direct effects of the changes in climatic conditions. Equally
important, if not more so, are the changes in key ecosystem drivers like disturbance
regimes, one of which is fire; changes in fire regimes could have a particularly
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marked impacts on the Fynbos Biome (DEA 2015). The projected increases in the
numbers of high and extreme fire danger days (Le Maitre et al. 2015a) could,
provided there is a suitable source of ignitions, favour fast-maturing invading species
and increase invasion rates and impacts in the Fynbos Biome. Fire return intervals in
moist grassland and savanna are already short, so changes in fire regimes may not
have a significant effect on invasion rates.

Another major driver is the increasing CO, concentration in the atmosphere
which favours woody plant densification (bush encroachment), especially when
combined with reduced fuel loads due to grazing (and thus reduced fire intensity)
(Bond and Midgley 2000, 2012; O’Connor et al. 2014). There is good evidence that
native woody plant densification is taking place throughout the Grassland and
Savanna Biomes (Davis-Reddy and Vincent 2017; Skowno et al. 2017), but whether
or not the same is happening with invading species in these biomes is not known.
Fynbos is associated with low soil nutrients which may limit the response of plants to
increased CO,. However, pines have mycorrhizae to harvest nutrients and Australian
Acacia species fix nitrogen, so these taxa may become even more aggressive
invaders (Richardson et al. 1994). Any gains in water-use efficiency may be offset
by their increased invasion rates.

There have not yet been any local studies of the impacts of current invasions
under current and future climates, but there are some indications based on the
projected changes in climate across South Africa. The most detailed assessment of
the implications of climate change for water resources and for their planning is the
long-term adaptation scenarios (DEA 2013b). The projected changes are for an
increase in runoff along the eastern side of the country and the central interior,
with decreases in the west and south-west, including much of the Western Cape. The
winter rainfall region, and much of the west, is predicted to experience a combina-
tion of increased evaporation and decreased rainfall, and faces the greatest water
security risks. Overall the variability of the rainfall will increase and the likelihood of
more intense and extended droughts, such as those being experienced across the
country at the time of writing, will increase. Given the indications that most of the
woody alien plant species, especially the trees species, use more water than the
natural vegetation and will, therefore, decrease water availability and water security,
it is critical that effective control is achieved.

15.8 Policy and Governance

Although the estimated impacts of invasive plants on mean annual runoff have been
a key motivation for the Working for Water Programme, no policy or legislative
measures have been developed to require their control specifically to limit impacts
on water. The legislation that does require invasive alien plant control is either based
on their impacts on agricultural resources (excluding water) (DoA 1983) or envi-
ronmental resources which broadly include water (DEA 2013c). The National Water
Act (DWAF 1998) does restrict commercial afforestation, via the Stream Flow
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Reduction Activity measures, to limit impacts on mean annual runoff, but this has
never been used to regulate invasions. Despite this limitation, invaded land in the
strategic surface water source areas can be made a priority for enforcement and for
investment aimed at maximising the water benefits. Prioritisation of areas where the
water gains are greatest (Forsyth et al. 2012) is being implemented by the Depart-
ment of Environment, Forestry and Fisheries, with a new focus on strategic water
source areas (Nel et al. 2013; Le Maitre et al. 2018). The importance of prioritising
areas to optimise the gains from clearing, including water has been emphasised in a
recent assessment of the state of invasions, but there is still a legacy of projects that
were initiated in areas which were not optimal (van Wilgen and Wilson 2018). The
recently launched Cape Town Water Fund is targeting such areas (Stafford et al.
2019), but the Natural Resource Management programmes need to more actively
target such areas.

Recent work has found that public and private sector collaboration in the control
of invasive alien plants, and the productive use of the biomass could potentially
realise considerable benefits (Mudavanhu et al. 2017b). Clearing of Acacia saligna
(Port Jackson) for the production of wood polymer composites could potentially
more than offset the costs, while increasing runoff and/or groundwater recharge.
Similarly, a public-private partnership and cost-sharing model for the use of biomass
for bio-energy production on the Agulhas Plain could result in a net benefit (Stafford
and Blignaut 2017). The feasibility of this enterprise depends on the willingness of
participants to share the cost for invasive alien plant biomass supply; in this case the
bioenergy entrepreneur would invest ZAR154/green tonne and the government
ZAR246/green tonne. In both instances, the benefits reported exclude further down-
stream benefits such as that of the contribution to job creation, Gross Domestic
Product (GDP), and the benefits of skills development, the stimulation of rural
development, and helping to steer South Africa towards a more sustainable devel-
opment path. If the potential water flow gains are used to guide the location of these
investments, factored in and realised, then such programmes could make a substan-
tial contribution to water security.

15.9 Financial and Economic Impacts of Water Lost
Through Invasions

From a financial perspective, the opportunity cost of invasive alien plants are: (a) the
lost value of production due to a reduction in water resources, and (b) the increased
requirement for water supply augmentation schemes, and the earlier development of
such schemes. Economically speaking, the impacts of invasive alien plants are much
broader because they have an impact on ecosystem functioning, processes, biodi-
versity, and every aspect of human life and livelihood that depends on them and is
affected by them.
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One of the ways to assess the economic impacts is the loss of production capacity due
to water-use by invasive alien plants. The value of water is then estimated as the partial
derivative of a sector or commodity’s production function relative to water (Moolman
et al. 2006) and is typically much higher than water tariffs or delivery costs. Not much
research has been done on this topic, because research has focused on determining
whether invasive alien plant control is the most cost-effective option for a given water
supply scheme. This has generally been done using the unit reference value, which
provides an estimate of the unit cost of supplying a cubic meter of water at the required
assurance over the portion of the water management or augmentation project’s lifespan
during which it produces economic benefits for society (van Niekerk 2013). It has been
used to show that clearing invasive alien plants can be more cost-effective than other
water supply options such as building a dam (van Wilgen et al. 1997; Larsen et al. 2001;
Hosking and Preez 2002; Marais and Wannenburgh 2008; Blignaut et al. 2010; DWS
2014; Preston 2015; Vundla et al. 2016; Morokong et al. 2016; Mander et al. 2017,
Nkambule et al. 2017). None of these studies assessed the financial impacts of impacts
on yields (Table 15.2) so this is an opportunity for further research.

Another approach is based on a recent change in international accounting rules
which recognises natural capital as an asset, i.e. a stock generating a flow (IASB
2018). Any restoration or improvement of natural capital is, therefore, seen as an
investment and not merely an expense. A study using this approach found that a
game farm had considerably more value to the company than they thought
(Mudavanhu et al. 2017a). Research is needed to evaluate its application to restora-
tion (e.g. clearing of invasions), but this approach could be used to value municipal
assets and request transfer payments from National Treasury for management of
natural capital—including controlling of invasive alien plants.

15.10 Conflicts and Controversies Relating to Their
Hydrological Impacts and the Impacts of Clearing

Alien tree species undoubtedly have been of benefit to South Africa—the native
forests would have been lost if there had been no plantations to meet the timber and
fibre requirements of the country. The industry sustains numerous jobs and a
profitable commercial forestry industry, not to mention other services, such as
fuelwood and fodder for bees (pollination services) (Forsyth et al. 2004; Shackleton
et al. 2007). The location and the extent of plantations managed as commercial forest
plantations has been regulated to limit their impacts on water resources since the
1970s, while attempting to meet the country’s timber needs (van der Zel 1975).
Historically, little has been done to require the industry to address the spread of the
same tree species beyond their landholdings, but amendments to the Forestry
Stewardship Council’s certification systems could change this situation in future
(Christine Colvin pers. comm. 2018).
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However, invasions (including those spreading from plantations) can also
increase fuel loads and fire intensity and severity, especially where there are coarse
dead fuels on the soil surface, potentially leading to severe erosion and flooding
downstream (Scott 1993; van Wilgen and Scott 2001; Le Maitre et al. 2014). Dense
and closed stands of eucalypts and wattles suppress ground-layer vegetation, altering
infiltration and reducing soil stabilisation, leading to increases in erosion, potentially
decreasing water quality and increasing sedimentation of dams (van der Waal et al.
2012) and reducing grazing capacity (Yapi 2013).

Although long-term catchment studies have demonstrated the impacts of planta-
tions on mean annual runoff, the major invading tree species are the same as those in
the plantations, and reach comparable stand densities and stature, the Department of
Water Affairs and Sanitation has not acknowledged that the impacts of invasions can
be as significant as plantations. A good example is the impacts of invasions on the
yields from water supply systems (Table 15.2). These impacts have not been
explicitly taken into account in supply augmentation plans, except for Berg River
Dam and De Hoop Dam where control measures were included in the construction
budgets (Preston et al. 2018). The growing body of evidence supporting reductions
in yields should inform any future decisions about water supply systems as well as
motivating for effective invasive alien plant control measures as part of the
maintenance.
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