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Summary   Despite significant advances in the sci-
ence of invasion ecology, surprisingly little is known 
about the magnitude of the impacts of invasions. The 
work described in this paper aims to develop spatially 
explicit databases of both ecosystem services and 
invasive alien plant infestations, and to use the two 
to estimate impacts on each of the services. In this 
paper our focus is on water resources only. We de-
scribe our approach for selecting species and areas in 
order to estimate current and future potential impacts 
on water resources. The number of invasive species 
considered was restricted to those with extensive 
current or potential distributions; 17 out of a possible 
160 species in fynbos shrublands in this case. We 
estimate that invasive alien plants currently use 16% 
of the mean annual surface runoff, but that this could 
rise to over 50% if all available habitat is allowed to 
become invaded.
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INTRODUCTION
The science of ecology has helped us to understand the 
physical phenomenon of biological invasions (Drake 
et al. 1989). More recently, the field of ecological 
economics has developed through collaborations be-
tween ecologists and economists (Costanza 1991), and 
some key advances have been made in understanding 
the economic consequences of invasions (Pimmental 
2002). Such an understanding is critical in a world 
where decisions on the allocation of scarce funds are 
often based on the ability to articulate consequences. 
However, despite a growing understanding of the 
ecology of invasions, impacts are less well understood 
and all too often economic assessments are based on 
flimsy information on impacts.

In South Africa, developing an understanding of 
the impacts of invasive alien plants on ecosystem serv-
ices has received some attention. The contention that 
invasive alien trees constituted a threat to the country’s 
water resources (Le Maitre et al. 1996, van Wilgen 
et al. 1996) led to the establishment of an enormous 
government-funded program aimed at the control of 
these species (the ‘Working for Water’ program; van 
Wilgen et al. 1998). In addition, some work has been 
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done on the consequences of invasive alien plants for 
the economic potential of South Africa’s fynbos (Medi-
terranean shrubland) biome (Turpie and Heydendrych 
2000). These limited studies provide at best a patchy 
picture of the impacts of invasive alien plants, but 
they have been used to suggest that the total impacts 
are probably substantial (van Wilgen et al. 2001). The 
clear need for improved estimates of the impacts of 
invasive alien plants provided the impetus for initiat-
ing research, some of which is described in this paper. 
The work aims to develop spatially explicit databases 
of both ecosystem services and invasive alien plant 
infestations, and to use the two to estimate impacts 
on each of the services currently, and in the future. 
This paper provides a description of the approach 
to be used in assessing the impacts of invasive alien 
plants on the key ecosystem services of water resource 
regulation and provisioning (Postel and Carpenter 
1997, Gleick 1999).

IMPROVING ESTIMATES OF IMPACT
Estimates of the potential impacts of invasive alien 
plants on water resources have been used, very suc-
cessfully, to secure funding for extensive clearing 
programs. This has been done despite the significant 
gaps in understanding (Görgens and van Wilgen 2004). 
The estimates that have been made were based, out 
of necessity, on some important assumptions. These 
included that impacts would occur everywhere in 
the landscape; that related alien species had similar 
impacts on water resources; and that water resources 
could be described in terms of a single aspect – sur-
face water runoff (as opposed to assessing surface 
water runoff and river channel transport separately, 
for example).

A number of advances will allow for better esti-
mates to be made. In the first place, our understand-
ing of the current and future potential distribution 
of invasive alien plants has improved significantly 
(Henderson 1998, Rouget et al. 2004). We have also 
developed a more sophisticated understanding of the 
effects of plant invasions on the hydrological cycle 
(Dzvukamanja et al. 2005), which will allow for 
better estimates of impact to be made. In addition, 
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advances in GIS have improved the spatial modelling 
of impacts.

In the case of water resources, we will examine 
how estimates made in the light of improved un-
derstanding differ from the original estimates. The 
development of a database on water benefits will 
also be combined with databases on other ecosystem 
services in order to compile a more complete picture 
of the overall impacts of invasion. Finally, we will use 
the spatially explicit information to assess whether or 
not clearing projects are correctly located in priority 
areas where maximum benefits can be derived (van 
Wilgen et al. in press).

APPROACH
The study reported here focused on current and future 
impacts on water resources in the fynbos biome in 
South Africa. The determination of impacts was done 
in three steps. The first was to determine the loca-
tion of areas where water resource impacts would be 
most likely, now and in the future. The second was to 
determine the invasive alien plant species involved. 
The third was to estimate the magnitude of the impact 
of invasive alien species on current and future water 
resources. Each step is outlined below.

Areas where impacts take place   We differentiated 
between two distinct areas where impacts on water re-
sources would manifest themselves. These were land-
scapes away from river courses, as well as river courses 
themselves. To define river courses, we used the rivers 
mapped on 1:500,000 maps, assuming that 10 m on 
either side of the river would become invaded. As the 
1:500,000 maps do not depict smaller tributaries, we 
also increased the potential area of rivers by a factor 
of 10, for comparison of water use estimates with and 
without tributaries (a comparison of 1:500,000 maps 
with 1:50,000 maps revealed that the latter had almost 
15 times more rivers mapped).

Important invasive alien species   The most impor-
tant invasive alien species were determined for the 
fynbos biome. Important species were defined as 
those that have been recorded in more than 30% of 
quarter-degree squares in the biome concerned (data 
from Henderson 1998), as well as those that have the 
potential to invade a significant proportion of the 
biome concerned in future (data from Rouget et al. 
2004). In terms of potential to invade, we excluded 
those species whose potential for further spread is 
limited by effective biological control measures. We 
classified invasive alien plant species into groups with 
similar potential for impact on water resources in order 
to simplify the process of estimating impacts.

Estimating the extent of invasion   We used the data-
base of Le Maitre et al. (2000) as a basis for estimating 
the current extent of invasions. The extent of future 
invasions has been estimated by Rouget et al. (2004), 
using a variant of climatic envelope models to derive 
climatic suitability surfaces for each species. We used 
these data to estimate the probable extent of invasion 
by important alien species (see below) in remaining 
natural vegetation. The extent of remaining natural 
vegetation was in turn estimated by excluding all de-
veloped and cultivated areas from the fynbos biome.

Estimating impacts on water resources   Water use 
in upper catchments and aquifers was estimated us-
ing the ‘biomass’ models of Le Maitre et al. (1996), 
as modified by Dzvukamanja et al. (2005). The run-
off reduction in riparian channels was estimated by 
evaporative demand with a scaling factor (relative to 
the biomass of invading plants) for different growth 
forms (Dzvukamanja et al. 2005).

PRELIMINARY RESULTS
The South African Plant Invaders Atlas records 571 
species, but relatively few of these are major problem 
species that cause severe impacts. In the fynbos biome, 
only 11 species (out of 160 recorded) were found to 
occupy more than 30% of the quarter-degree squares. 
A further 17 species have the potential to invade a 
significant proportion of the biome. Of these 28 spe-
cies, only 17 would have significant impacts on the 
hydrological cycle (Table 1). They can be grouped into 
seven functional groups for the purposes of estimat-
ing the impacts of these species on water resources 
(Table 1).

Currently, invasive alien plants are estimated to 
reduce surface water runoff by 16% in the fynbos 
biome (Table 2), based on current distribution data 
given by Le Maitre et al. (2000). Under a scenario 
where the invasive species would occupy the full 
extent of suitable remaining habitat, estimated water 
use would increase to between 40 and 53% of surface 
water runoff (Table 2).

DISCUSSION
Our analysis shows, as was already known, that sur-
face runoff reductions due to alien plant invasions are 
already substantial. However, it appears that they can 
still increase several-fold if available habitat becomes 
fully invaded, which underscores the imperative for 
control programs to continue. South Africa is a dry 
country with a mean annual rainfall of less than 500 
mm and only about 9% of the rainfall ends up in the 
rivers (Midgley et al. 1994). Water resource utilisation 
is approaching, or has exceeded, the sustainable yield 
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once the ecological and human needs, and reserve and 
international obligations for shared rivers are taken 
into account (Ashton 2002, DWAF 2004). In most 
rural areas people are dependent on flow in rivers for 
their water. They do not have large reservoirs to buffer 
changes in flows and reduce their vulnerability. Flow 
reductions in the headwater catchments are propagated 
downstream with significant implications for people 
dependent on water from the lower reaches. Therefore, 
the loss of water caused by invasive species is a major 
issue for human well-being and security as well as the 
direct and indirect economic impacts and the ecologi-
cal impacts.

By using GIS mapping techniques, our study has 
also identified areas where the impacts will be most 
acutely felt, and these can be used to focus control 
operations. Most impacts will be felt in the rugged 
mountain areas, where rainfall is highest. Invasion 
along riparian areas has less of an effect, but this can 

still be substantial (up to 13% additional reductions in 
surface runoff, Table 2). Because of the lack of detail in 
mapped riparian zones, the actual extent of this impact 
is somewhat uncertain and attention should be given 
to better mapping of riparian zones.
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