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Abstract Invasive species alter the functioning of natural
ecosystems, creating “novel ecosystems” comprising spe-
cies occurring in combinations with no analogs within a
given biome. This poses major challenges for managers
who cannot rely exclusively on previous experiences.
Multiple factors that drive invasion and which interact in
complex ways demand innovative management approa-
ches. We show the utility of scenario planning in consid-
ering options for management in a region with substantial
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problems with invasive alien plants: South Africa’s Cape
Floristic Region. The approach allows us to identify the
driving forces that shape the status and trajectories of major
woody invasive plants and to identify sensible strategies by
considering a set of scenarios based on the main uncer-
tainties that encapsulate the linkages between the various
components of the management of biological invasions.
Attitudes of landowners and management capacity are
shown to be the crucial uncertainties influencing the spread
of major invasive species; axes based on these factors
define our scenarios. Mapping current management pro-
jects onto scenario axes highlighted key differences among
areas. These insights can assist in directing particular
management units toward more desirable futures. Our
study highlights the need to link social, political and legal
constraints with ecological processes to assure the effec-
tiveness of management operations in controlling biologi-
cal invasions.

Keywords Biological invasions - Cape Floristic Region -
Fynbos - Invasive alien plant species -
Management strategies - Scenario planning

Introduction

The movement of humans and goods around the globe is
occurring at rates unprecedented in human history. This has
disrupted the biotic equilibrium maintained over eons by
geographic and climatic barriers and has transported
organisms beyond their natural ranges. Some of these
introduced species escape the regulating influences of their
key natural enemies and become invasive (i.e., establish,
proliferate and spread) in their new ranges (Mack et al.
2000). In many ecosystems, invasive alien species can, if
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left to spread unchecked, transform the structure and
functioning of ecosystems, leading to substantial losses of
ecosystems services and demanding considerable expen-
diture on attempts to prevent their expansion and the
incursion of new invaders (Hulme 2006).

Increasing attention is being given to developing prag-
matic approaches for managing “novel” or “emerging
ecosystems”—those comprising combinations of species
with no historical analog and where changed conditions
preclude a return to some historical state (Hobbs et al.
2006). Management of these ecosystems is characterized
by high levels of uncertainty. There are no tried and tested
management methods for dealing with these new envi-
ronmental conditions, and every management intervention
is an experiment. This uncertainty is defined by the limited
knowledge of the multiple factors driving the invasions,
and these are often not apparent at first observation of the
problem (e.g., see Le Maitre et al. 2004). Consequently,
management intervention tends to focus on control activi-
ties and not on the predisposers that lead to constant
invasion pressure. Integrated and flexible frameworks
considering these multiple drivers and their future out-
comes are required to provide adequate solutions (Seastedt
et al. 2008).

Under this new management paradigm, scenario plan-
ning is an appropriate technique for shedding light on the
multiple complexities and the high degree of uncertainty of
how and environment is predisposed to invasion, the
drivers and outcomes in biological invasions that confront
managers seeking to establish effective long-term strate-
gies (Peterson et al. 2003). Several studies have considered
scenario planning as an approach to deal with uncertainties
in future environmental conditions and guide conservation
plans (Berkhout et al. 2002; Bohensky et al. 2006; Odada
et al. 2009; Voinov et al. 2004), but few have use this
technique to explicitly guide management options for
controlling biological invasions (Chapman et al. 2001; Le
Maitre et al. 2004). This paper applies scenario develop-
ment methods in a novel way to guide management of
biological invasions, using South Africa’s Cape Floristic
Region (CFR) as a test case (Fig. 1).

The CFR, one of the five regions of the world with a
mediterranean-type climate, is one of the planet’s major
biodiversity hot spots, and hosts an incredible biological
richness and high levels of endemism (Cowling et al.
2003). The natural beauty of the combination of this unique
vegetation and the landscape is of great financial and social
value to people in the region (Higgins et al. 1997). Large
areas of natural fynbos vegetation are, however, invaded by
trees and shrubs, especially species of Acacia, Eucalyptus,
Hakea and Pinus. These invasions have led to reduced
runoff from catchments in the water-scarce region, altered
fire regimes and promoted the suppression of the
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indigenous vegetation (Biggs et al. 2008; Richardson et al.
1992). The implicit and explicit costs of these invasions for
the South African economy are significant (Turpie et al.
2003), and substantial management interventions have
been implemented to address the escalating threats they
pose to sustainable conservation of biodiversity and utili-
zation of ecosystem services (Richardson et al. 2004).

The Working for Water programme is the largest ini-
tiative focussing on controlling invasive alien plants (IAPs)
throughout South Africa (and one of the largest conserva-
tion/restoration programs in the world). Although it has
been widely lauded as an environmental management
program (e.g., Hobbs 2004), it is primarily a poverty-
alleviation initiative. Until now, the dual aims of the pro-
gram (poverty alleviation and conservation) have usually
been accommodated (Macdonald 2004), but changes in the
political landscape could easily disrupt the program,
making the sustainability of the initiative tenuous. Despite
considerable progress in controlling invasions, especially
over the past two decades, the problem in the CFR is
immense (van Wilgen 2004). Inherent complexities gen-
erated by the interplay of species attributes and environ-
mental features, together with logistical complexities as a
result of socio-political factors, thwart the effectiveness of
the control programs and impede the implementation of a
uniform strategy for the whole CFR (Roura-Pascual et al.
2009). The success of management depends on intercon-
nected and dynamic factors of many types that vary con-
siderably across the region, and also on the sustainability of
control actions over extended periods of time (i.e., years,
decades). A framework for considering the drivers toward,
and implications of, plausible futures relating to biological
invasion in the CFR could assist in designing strategies that
are optimally flexible and which are best suited for
ensuring success of current control actions over time.
Managers and planners need to understand the complex
ways in which these factors affect control programs, but
allowance must be made for future events that could rad-
ically alter trajectories (Peterson et al. 2003).

Our aim is thus to construct plausible futures for inva-
sions of plant species in the genera Acacia, Eucalyptus,
Hakea and Pinus in the CFR at a scale meaningful for
management (regional scale at a project level; Fig. 1). We
started by identifying uncertainties associated with the
most influential drivers and those having a major impact on
the environment (in terms of spread of invasive plant
species). This allowed us to derive a set of scenarios for
managing these invasive species. By mapping the current
position of different clearing projects with respect to the
scenarios, we sought insights regarding the most appro-
priate management approaches and explored options for
arriving at preferred futures through adaptation of man-
agement approaches. We suggest that very significant
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Fig. 1 Illustration of the spread (a)
of invasive alien plants in the
Cape Floristic Region at the
southern tip of South Africa
(indicated in lighter gray) in
relation to South African
provinces, and location of
selected management projects
(yellow patches) of the Working
for Water programme to reduce
the extent of invasive species.
Photographs show a sample of
management units discussed in
the text and illustrate the
essence of various management
contexts in the region

(b) IAPs photos
(by D.M. Richardson)
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impacts on the invasion process can be made by influenc-
ing the driving forces or by adapting management action
appropriately.

Methods

Scenario planning is a method for learning about the future
by understanding the multiple driving forces whose future
trends are either certain or uncertain (Schwartz 1991). It is
a group process, which encourages knowledge exchange
and development of a deeper understanding of the issues
under discussion. The diversity of the assembled expertise
allows the widest possible range of drivers to be recog-
nized. The goals are to identify the multiple drivers of
change and to craft a number of diverging “stories” by

extrapolating uncertain but influential driving forces. As an
example, human population growth in an area is a crucial
driver of change and can be predicted with a high level of
confidence. Socio-economic developments are also crucial
drivers of change, but their trajectories are very difficult to
predict. While keeping in mind the impacts of certain
driving forces that can be accurately predicted, it is more
important to concentrate on the possible impacts of those
influential but uncertain drivers of change that could follow
different trajectories, each of with different implications.
These stories increase our knowledge of the topic, but also
widening our perception (and that of policy makers) of
possible future outcomes and events that may not be
immediately obvious (Korte and Chermack 2007).

We thus chose to use the scenario planning method
because it is proactive and tries to anticipate the possibility
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of future events, allowing pre-emption, which may be more
cost effective and efficient than adaptive management
processes which are reactive and inherently contain lags
through the management feedback systems (see for
example Apitz (2008)). Adaptive management brings a
measure of inefficiency to the invasion management pro-
cess, which could be improved by anticipating the full suite
of possible future events and the implications of manage-
ment interventions. This anticipation of the future is
already widely applied in disaster management because of
the inherent advantages of proactive management, even
though risks cannot be assessed exactly (Weichselgartner
2001).

We used the approach outlined by Wilkenson (1995) to
develop scenarios for conditions pertaining to the status
and dynamics of IAPs in the CFR. The procedure was
facilitated by an expert on strategic conversation (Tanja
Hichert) to avoid particular points of view from dominating
discussion and to ensure that the process was applied
appropriately. The essential steps were:

1. Identification of the focal issue around which to build
the scenarios.

2. Identification of the certain driving forces (or certain-
ties) at work that set the pattern of events and make
things happen, or predispose an environment to certain
events. The facilitator of the participatory process
guided the team through a brainstorming process to
identify these main drivers based on the experience
and knowledge of the participants. At the end of the
process, ideas were reformulated into coherent sen-
tences, and cross-checking ensured that all relevant
issues had been captured.

3. Based on the results of the brainstorming process, the
next step was to identify the main uncertainties related
to the question under discussion. Uncertainties are not
related to probabilities, but to predictability (i.e., how
much do you know about them to describe their current
state and predict future outcomes).

4. Evaluation of the impact and the level of unpredict-
ability of these uncertainties to identify those that have
the greatest impact and the highest degree of uncer-
tainty (i.e., those that we have the least knowledge
about), as well as their linkages and synergies. All the
uncertainties were plotted on an impact-uncertainty
chart using expert consensus.

5. The key uncertainties were rephrased and expressed as
opposite extremes to form the axes of the scenario
matrix, which is a graphical representation of the four
scenarios based on these key uncertainties. We then
plotted the position of various certain driving forces
(identified in step 2) and the directions in which they
push to different plausible futures. This procedure
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allowed us to identify the particularities of each
scenario and synthesize the information in a set of
stories that encapsulate important aspects of the future.

We developed the overall analysis during a meeting in
Stellenbosch in October 2008. Final results (i.e., identifi-
cation of certainties and uncertainties, and selection of
scenario axes) were amended and validated in several
follow-up meetings in October through December 2008
with experts in the field, both researchers with expertise in
the ecology and management of IAPs and managers
charged with controlling operations at different levels (see
Acknowledgements for a list of key contributors).

Once the scenarios were built, we asked managers to
map different management units (i.e., area defined at a
regional scale subject to a clearing project, Fig. le) and
their probable future outcomes based on current manage-
ment practices onto the scenarios matrix. The objective
was to make sense of their current state and identify phe-
nomena characteristic of each scenario. Additionally, to
identify trends in current clearing operations, we searched
for differences among areas pertaining to each scenario in
relation to funding available for clearing operations and
land-use practices, including the percentage of urban areas,
forestry plantations and agriculture activities (extracted
from the national land-cover database; Fairbanks et al.
2000). The percentage of urban areas was used as surrogate
of remoteness, which relates to the public perception of the
need to control IAPs and the increased transactional costs
during clearing operations. On the other hand, the per-
centage of forestry plantations and agricultural activities in
each area signaled propensity for re-invasion or sources of
propagule pressure. Differences between scenarios were
visualized by means of box plots, and the main tendencies
plotted using radial graphs.

Results
Identification of certainties and uncertainties

Our finding regarding the focal issue around which sce-
narios were built was: “What will be the features of
management strategies for invasive alien plants in the Cape
Floristic Region in the 50 years from now?” The answer to
this question is not straightforward, since multiple factors
drive invasions and affect the capacity of managers to
influence them. Our expert group identified 29 certainties
that are influential in the management of IAPs at regional
scales in the CFR (Online Resource 1), and seven uncer-
tainties that make future management actions unpredictable
(Online Resource 2). These were classified into seven
broad categories: political forces, social trends, economic



Managing biological invasions

315

realities, technological advances, regulatory environment,
environment interface and management constraints.

Most certain drivers have already been identified as
relevant by managers working on IAPs or ecological
studies, especially those related to the characteristics of the
environmental interface (Online Resource 1). For instance,
Nel et al. (2004) used the characteristics of invasive alien
plants and their ranges to rank species for control and
Roura-Pascual et al. (2009) prioritized areas considering
the influence of ecological factors and disturbance regimes,
such as the opportunity that wildfires created to remove
alien plants at a relatively low cost (van Wilgen et al.
1992). Nevertheless, few socio-political factors have been
explicitly considered in control programs due to their
intangible and unpredictable nature. This is also reflected
in the seven uncertainties, which can be summarized as
constancy of funding and political will supporting man-
agement actions, capacity of institutional and private
structures required to apply the control effort and compli-
ance to legislation (Online Resource 2).

Scenario building

From the seven uncertainties (Online Resource 2), we
identified the most influential ones after plotting them in an
impact-uncertainty chart based on expert agreement
(Fig. 2). These were landowner commitment (to removal
activities), funding of invader control activities, political
will and commitment to support control activities and
clearing effectiveness (Fig. 2, gray circle). Because the last

1. Funding

2. Political will and commitment
3. Institutional capacity

4. Clearing effectiveness

5. Landowners commitment

6. Human activities

7. Compliance to Acts

Low

IMPACT

High

High Low
UNCERTAINY

un ty associated with uncertainties (detailed in Online Resource
2) in the management of invasive alien plants in South Africa’s Cape
Floristic Region. The impact and degrees of uncertainty were derived
in a workshop with experts. Dashed lines indicate influences on, or
relationships between different uncertainties, and the shading of the
circles denotes the type of uncertainty: management constraints
(gray), social trends (white) or regulatory environment (black). The
gray circle identified the key uncertainties used to construct the
scenario axes

Fi@chemaﬁc representation of the impact and degree of

three key uncertainties are linked under the management
context, we built our scenarios around two main axes
which we named: “landowners’ attitude” and “manage-
ment capacity” (Fig. 3). The axis named landowners’
attitude shows a gradient from areas where human activi-
ties do not favor the spread of IAPs (hereafter “Respon-
sible activities”), Dbecause landowners undertake
appropriate measures to limit their spread into neighboring
areas, to areas where the extent of IAPs on the environment
is completely out of control—IAPs proliferate and man-
agement attempts are ineffective (“Free-riders phenome-
non”; Fig. 3, vertical axis). The axis named management
capacity is a composite of various factors and reflects the
capacity of agencies tasked with clearing operations to
allocate resources appropriately and to act effectively to
control the extent of IAPs. “High capacity” corresponds to
areas with the appropriate level of resources (both financial
and human resources) to conduct effective clearing oper-
ations on the ground, and areas with limited resources but
adequate capacity to maximize the available resources;
contrarily, “Low capacity” refers to areas where either
available resources are insufficient or the capacity for
planning clearing operations is lacking (Fig. 3, horizontal
axis).

Based on these two axes that encapsulate the most rel-
evant uncertainties influencing the effectiveness of control
operations, we identified four scenarios which we named:
(1) Treading Water, (2) Meltdown, (3) Losing ground and
(4) Maintain the gains (Fig. 3a). “Maintain the gains” was
identified as the preferred future. The certain drivers (listed
in Online Resource 1 and latter plotted in the scenarios axis
to evaluate their influence) favoring this scenario are:
landowner cooperation, innovative and flexible adaptation,
availability of reliable data and developments in biocontrol
technology. Contrarily, human activities (i.e., forestry and
agriculture), increasing urbanization, degradation of land
and need to satisfy employment needs have an antagonistic
effect and push the management of IAPs in the opposite
direction—toward the “Meltdown” scenario. “Treading
Water” and “Losing ground” would be in a middle situ-
ation between the two aforementioned scenarios, the first
one being constrained by the reduced capacity of man-
agement agencies in charge of the control operations and
the latter by the overwhelming impact of human activities
on the spread of IAPs (Fig. 3a) (see Box 1 for a more
detailed description of the scenarios).

Localization of various management units
To exemplify the consequences of both human activities
and management capacity on the environment, managers

on IAPs in the CFR mapped real management units on the
scenarios’ matrix (Fig. 3b). In so doing we could elucidate
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Fig. 3 Plausible scenarios for the management of invasive alien
plants in the Cape Floristic Region based on two of the most uncertain
and influential factors (human activities and management capacity)
(a), and localization of some management projects in relation to these
two factors (b). The arrows in a are not linked to a specific scenario
and indicate the direction in which different certainties (listed in
Online Resource 1) push toward certain scenarios; in b, they show the
direction in which each management unit (numbers refer to projects
listed in Fig. 1) is tending relative to its current position. The dashed
lines in b indicate the trajectory to follow to arrive to “Maintain the
gains” from some of the sampled projects (refereed in Box 1)

differences among management units and characterize the
different management scenarios in more detail by taking
into consideration the characteristics of the areas included
in each one of these. We did not find significant differences
in the variables considered in the analysis between sce-
narios (Online Resource 3), probably because of the
reduced sample size and the multiple factors determining
the status of biological invasions. Nevertheless, the fol-
lowing tendencies were observed: (1) high percentage of
forest plantations in scenarios “Meltdown” and “Losing
ground”, but a high percentage of agricultural land is
associated only with the latter; (2) more remote areas (i.e.,
with lower percentage of urban areas) are more likely to
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fall within the “Treading water” scenario; (3) funding for
alien clearing is surprisingly high in “Meltdown” scenario,
but low in “Treading water” scenario, which has the lowest
budget of the four considered scenarios (Fig. 4). These
analyses allowed us to identify strategies that could poten-
tially steer the units toward more preferred conditions,
depending on their relative position on the scenario matrix
(trajectories shown in Fig. 3b and described in Box 1).

Discussion

The influx of alien species and the trajectory toward
escalating invasions was initiated long ago, but there are
options for slowing the increase and reducing the magni-
tude of impacts (Hulme 2003). Long-term management of
biological invasions must, however, deal more effectively
with multiple future uncertainties associated with changes
in the environment and socio-political environment (Lodge
et al. 2006). Our study shows the utility of scenario plan-
ning as an appropriate framework for guiding management
of “novel ecosystems”. Scenario planning allowed us to
make greater sense of the complexities and uncertainties
implicit in the management of invasive alien plants in the
Cape Floristic Region at the spatial scales (regional) used
in decision-making. It enabled us to identify the main
driving forces that shape the present status and the options
for management of IAPs and to construct a set of scenarios
grounded on the main uncertainties that encapsulate the
linkages between the various components of the manage-
ment of biological invasions. The essence of the informa-
tion gathered during the process was already known by
scientific and management experts on IAPs, but the pro-
cedure allowed us to formulate the information into a
structured framework that facilitates its comprehension and
public communication. It was also a useful tool for
developing guidelines for directing particular management
units toward more desirable futures.

The ideal management scenario for reducing the con-
sequences of IAPs on the environment and ecosystem
services is the one we have termed “Maintain the gains”,
where the levels of IAPs are contained and the capacity of
agencies in charge of control operations allows effective
early detection and rapid response to deal with invasive
species before they spread over large areas and cause major
damage (Box 1). Such efficient management is the result of
political commitment to protect the environment and the
capacity of management agencies to allocate resources
appropriately and assure the effectiveness of the clearing
operations on the ground and their maintenance over time
(van Wilgen et al. 1992). However, few areas in the Cape
Floristic Region currently experience such conditions. The
configuration of human activities and management
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Box 1 Description of plausible scenarios for conditions relating to the status of invasive alien plants (IAPs) and management approaches for

addressing problems associated with invasions in South Africa’s Cape Floristic Region (CFR)

Treading water: While human activities have little effect in promoting the spread of IAPs, the capacity of agencies in charge of clearing
operations is insufficient to reduce the extent of the invaded patches. If managers are unable to allocate their resources appropriately and
control IAPs now that they are still at an earlier stage of the invasion, these areas will face a Meltdown scenario in the future. Examples of
this scenario are found in the Cederberg and De Hoop areas where activities promoting the spread of IAPs are limited but where the capacity
to deal with IAPs is reduced. There are, however, still opportunities to improve the situation thanks to the assertiveness of the managers
currently in charge of the areas. They need to increase the management capacity (mainly by increasing the budget available) and the
efficiency of prevention systems (i.e., early detection and clearing of initial focus)

Meltdown: Opportunities to bring IAPs under control decline as ongoing and expanding human activities promote their spread and the capacity
of institutions to cope with invasions is poor. Examples of areas with such circumstances can be found in the Knysna and Kleinriver areas.
Besides their resemblances, the overwhelming presence of invasive species in each area is attributable to different factors. Knysna has the
appropriate institutional capacity (in terms of data and skilled people) to control IAPs, but funding does not match the magnitude of the
problem. For Kleinriver, poor coordination among agencies and the lack of compliance from stakeholders in charge of clearing operations
seem to be the primary factors thwarting effective management. Numerous human activities that promote the establishment and spread of
invasive alien species are a problem in both areas. The problem is so immense that increasing the funding would not be enough to control the
spread of IAPs; it is imperative to increase both management capacity and stewardship from private landowners and forestry companies

Losing ground: The impact of human activities in promoting the spread of IAPs is high, but agencies in charge of clearing operations have the
appropriate capacity to contain invasions. The extent of IAPs increases gradually, but effective clearing operations prevent the system from
degenerating into the Meltdown scenario. Clearing agencies, however, need to prioritize areas for clearing and allocate their resources
appropriately to find an optimal situation where they only need to “Maintain the gains”. Examples of this situation can be found at
Assegaaibos and Berg River. These areas have the appropriate capacity to drive conditions toward “Maintain the gains” with additional
funding, but need to maintain their current capacity over time and stimulate the implication of private landowners into clearing operations to
prevent the situation degenerating toward “Meltdown”

Maintain the gains: This scenario is nirvana for all managers working on alien clearing, where both the management capacity and the activities
that promote the spread of IAPs permit effective and sustainable control of the invasion. An example of this situation is the Cape Peninsula,
where the funding received by Table Mountain National Park to control IAPs and the capacity of the agency in charge of the clearing (both in
terms of data availability and in terms of clearing effectiveness on the ground) were adequate to substantially reduce the extent and
abundance of IAPs. This situation is exceptional and not representative of the vast majority of areas within the CFR. Therefore, areas within
this scenario need to not rely on their accomplishments and be aware of the importance of consolidating their current achievement.
Coordination among agencies and data consolidation are imperatives to assure the early detection of emergent foci of invaders from areas

already free of aliens, and their maintenance over time

Scenarios are based on key uncertainties and their impacts on natural ecosystems (see Fig. 3a). Examples of areas (indicated in Fig. 1) for each
specific scenario are also introduced, and the directions to reach the preferred future (“Maintain the gains”) based on their management capacity
and pressure from human activities having an impact on the spread of IAPs highlighted (trajectories are shown in Fig. 3b)

capabilities differs among areas, generating a wide and
contrasting range of conditions across the region. However,
some general patterns can be distinguished.

Areas with high levels of human activities that exacer-
bate plant invasion tend to map in the “Meltdown” sce-
nario, because of the role of humans in facilitating the
spread of invasions and the difficulties of managing frag-
mented landscapes with multiple stakeholders and con-
trasting interests. In contrast, areas with a sustainable
reliable management capacity tend to fall within the
“Losing ground” scenario, and some of them can easily
reach the optimal scenario of “Maintain the gains” with an
additional source of funding. At the other end of the
spectrum (“Treading water” scenario) are remote areas
that, despite receiving relatively low pressure from human
activities, low or non-existent capacity to manage the
spread of invasive species leads to increasing invasions.
Overall, it seems that areas closer to highly human-modi-
fied habitats present a high success rate in controlling the
spread of IAPs than more remote areas. Problems with
invasive species are less visible in remote areas and

generate less pressure for attention from interest groups.
Logistical problems, for example relating to access in
remote localities, are another contributing factor. This bias
in favor of areas with higher population density has major
repercussions, since remote areas with high conservation
value receive lower priority.

What we learn from these scenarios is that the char-
acteristics of invasive species and the environment in
which their spread are less important in explaining the
current status of IAPs than human activities and man-
agement responses. The ecological processes determining
invasions are similar across areas (and scenarios) but other
driving forces that define elements of human influence
turn out to be responsible for divergences in the status of
IAPs within the CFR. Numerous political and operational
constraints preclude the development of standard approa-
ches, and the management of IAPs must be adapted to the
conditions of each particular area. In general, these find-
ings build upon previous experiences and suggest that
improved management of plant invasions in the CFR
could be achieved by:
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Fig. 4 Characterization of management scenarios for invasive alien
plants in the Cape Floristic Region based on selected management
projects representative of each scenario. Scenarios are presented in
Box 1, and the localization of each management project within each
scenario is presented in Fig. 3b. Scenarios were described based on
four axes: I forest plantations (% of the overall area), 2 cultivated
land (% of area), 3 urban area (% of area) and 4 budget received in
2008 (Rand per hectare). These axes create a 4-dimensional space,
where scores range from low (center) to high values (periphery). The
polygons connecting the axes are just for visualization and indicate
the mean value of the management projects included within each
specific scenario

e Prioritizing management units throughout the whole
CFR (van Wilgen et al. 2008), as well as to areas within
those management units based on objective guidelines
(Roura-Pascual et al. 2009);

e Improving awareness among the public and politicians
of the situation regarding IAPs in the CFR and of the
importance of the human influences in achieving the
goals of biodiversity conservation and the sustainable
delivery of ecosystems services (Boudjelas 2009);

e Working toward improved methods for IAP control on
the ground, which consider the characteristics of the
region (e.g., the feasibility of using prescribed burnings
as part of an integrated control method) and/or assure
the control of IAPs over a long-term period (e.g.,
through biological control; Macdonald 2004);

e Improving the implementation and enforcement of
existing policies and legislation and assuring the
compliance of various stakeholders (Shine et al. 2000);

e Increasing the budget available for management oper-
ations and guaranteeing the sustainability of funding
over time (Leung et al. 2002);

e Motivating agencies in charge of clearing operations to
develop strategic plans that consider preferred futures
and unique drivers of invasion that operate in their area
of control, to allow flexibility to accommodate
unplanned eventualities, and to stimulate the develop-
ment of skills of institutional and field workers
(McNeely et al. 2001).

@ Springer

At lower levels of the decision-making process, cir-
cumstances and features of particular areas within the
region create different bounds and sets of feasible options
and interventions (Roura-Pascual et al. 2009). Various
options exist to steer management initiatives toward pre-
ferred futures (Lodge et al. 2006). In general, however,
options available for steering areas toward “Maintain the
gains” at this level involve:

e Increasing levels of coordination between landowners
and agencies in charge of clearing operations and also
between agencies;

e Stimulating stewardship and commitment to prevailing
legislation and policies;

e Improving the standard and accessibility of data on
species distribution and disturbance regimes that affect
the outcomes of management actions (such as seizing
opportunities provided by wildfires to remove aliens at
relatively low cost);

e Incorporating predictions of the spread of species and
fire regimes to ensure cost-efficient management over
the long term;

e Developing objective and transparent protocols for
prioritizing areas for management attention considering
both the current and likely future states of the
environment;

e Improving the efficiency of management on the ground,
by increasing the skills of field workers and managers
and ensuring financial and logistical support over times
appropriate for such management interventions (dec-
ades rather than years);

e Ensuring that already cleared areas remain free of IAPs
(through regular follow-up operations), by maintaining
the control effort over time and favoring early detection
and clearing of initial foci.

Because of the inherent future uncertainties in both
management capacity and changes in environmental con-
ditions, and inherent differences among areas, strategies for
the efficient management of IAPs in the CFR need to be,
above all, dynamic and adaptable. However, it is important
to indicate that political commitment and engagement from
stakeholders (both landowners and agencies in charge of
clearing operations) are ultimately responsible for
improving the efficiency of management operations. It is
only with the long-term engagement of the responsible
parties that there is scope for bringing the extension of
invasive species under control (Vitousek et al. 1997).

Conclusions

At a time of increasingly urgent debate on how best to
manage “novel ecosystems”, including those affected by
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invasive species (Hobbs et al. 2009), our study shows that
scenario planning is useful for understanding the key
drivers for invasion and for elaborating long-term control
options, strategies and management interventions. Besides
the benefits of making sense of the complexities involved
in managing invasions, scenario planning stimulates dis-
cussion of future possibilities and facilitates the elaboration
of solutions (Peterson et al. 2003). By applying scenario
planning to our case study we were able to derive a
framework, which revealed the importance of considering
the multiple factors that facilitate the spread of invasions in
different areas into a single, integrated management strat-
egy. Strategies for controlling alien species cannot be
formulated and implemented in isolation from the pre-
vailing societal, political and legal realities. The estab-
lishment of an effective strategy for managing biological
invasions requires the engagement of all the implicated
parties—politicians, researchers, managers and civil soci-
ety. The participation of all stakeholders is essential for
shaping efficient strategies for controlling biological inva-
sion and managing ecosystems supporting them.
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Supplementary material

Online Resource 1 Certainties that set the pattern of events and make things happen
in the management of invasive alien plants (IAPs) in the Cape Floristic Region, listed
by category. The drivers plotted in Fig. 3a are indicated with an arrow (»).

Political forces

» Government departments are disconnected and sometimes produce policies with
opposite effects on the spread of IAPs (e.g. policies that regulate the planting of
alien trees, and those that regulate the management of invasive species).

* The awareness of the public, NGOs and politicians influences the success of
management programs by increasing the funding available for clearing
operations and/or limiting the introduction and spread of invasive species.

* The procedures driving the land reform (i.e. conversion of private properties into
communal lands) are uncertain, and this uncertainty in future land ownership
affects negatively the attitude of landowners in relation to the removal of [APs
from their properties.

Social trends

* Woody IAPs are used for poverty alleviation (fuelwood, building timber), which
both reduces and promotes the extent of IAPs.

» The Working for Water is a public works program in which job creation is an
important objective, so the allocation of resources is not always driven by
environmental criteria.

* There is an ethical incentive to eradicate [APs as more people become aware of
their negative consequences

» Human activities (agriculture and food security, horticulture, forestry, biofuels,
carbon sequestration) drive invasion by introducing new species and also
transporting (intentionally or accidentally) already invasive species across the
region.

* Fragmented landscapes with multiple landowners make the development of an
integrated management strategy more complex, because of the multiple particular
interests (“free-riders phenomenon™).

Economic realities
* [APs affect ecosystem services (flower harvesting, water production, etc) and
reduce the opportunities to obtain economic benefits.
* [APs reduce water production in a region already affected by water scarcity, with
negative impacts on humans and natural ecosystems depending on it.
* There are economically sound reasons for controlling IAPs.

Technological advances
» Advances in methods for IAP control (e.g. biological control) can improve
control, but advances in forestry practices can also favor the resistance of planted
trees to biocontrol agents.

Regulatory environment
* Several legal instruments are available for driving IAP control initiatives through
incentives, laws and compliance.
* The Conservation of Agricultural Resources Act (CARA) is in place to control
the utilization of agricultural resources. It is currently the primary legal
instrument that defines national strategies and management options for IAPs.



» The National Environmental Management Biodiversity Act (NEMBA) aims to
conserve the biodiversity of South Africa, and prohibits those species and
activities that enhance the spread of IAPs.

Environment interface

* [APs cause negative impacts on biodiversity and ecosystem functioning.

» Some degree of IAPs’ spread is unpredictable, and requires management options
to be flexible and adaptable.

* All areas in the CFR are susceptible to invasion in the absence of ongoing
management intervention.

+ Climate change (i.e., increase in CO; concentrations and changed rainfall
patterns) will impact more on native species than IAPs, which are better
equipped to exploit changing conditions.

* Changes in land uses, disturbance and disaster events will intensify, making the
region more vulnerable to the spread of IAPs.

Management constraints

* Management depends on multiple factors of different nature (not only
environmental, but also socio-political), so management options need to be
integrated across sectors.

* Funding is allocated annually and depends on fluctuating national priorities.
Availability of fund is not always synchronized with biological realities,
hampering the completion of long-term plans.

» The lack of accurate and up-to-date data on species distribution and fires, and
their integration into a coordinate platform, precludes the development of
appropriate control strategies.

* Follow-ups operations are crucial and are difficult to plan and implement due to
complex issues relating to multiple landownership and fluctuating funding.

» Landowners are responsible by law (although enforcement is weak) to clear
IAPs on their properties. Willingness to cooperate and capacity need to be
improved through education and empowerment.

* Institutional capacity (to plan management actions at regional and local scales) is
inadequate, and improved skills and motivation are needed to decide/plan.

* Implementation capacity on the ground is also important, and skills are needed to
do the clearing efficiently.

* Prioritization of areas for clearing cannot be done according to
scientific/traditional planning (because of the job creation needs and the
environmental variability).

* The extent and abundance of IAPs is immense in comparison with the resources
available, and managers perceive the problem as one of “chasing a moving
target”.




Online Resource 2 Uncertainties that influence the management of invasive alien
plants (IAPs) in the Cape Floristic Region, listed by category.

Management constraints

1. How is funding (amount, regularity and reliability) going to change?

2. Is the political will, commitment to environmental principles (specifically in
relation to the Working for Water programme) and willingness to commit
resources to control activities going to change?

3. Is the institutional capacity (the incentive for people to become skilled) going to
increase or decrease?

4. On the ground, will the effectiveness of clearing groups increase?

Social trends
5. Is the commitment and implementation from landowners going to make a
difference in controlling the extent of [APs?
6. How are human activities (compliance, introduction of new aliens, land use and
property changes) going to influence the spread of IAPs?

Regulatory environment
7. Is the compliance to legislation (notably the Conservation of Agricultural
Resources Act and the National Environmental Management: Biodiversity Act)
going to make a difference in reducing the spread of IAPs?




Online Resource 3 Box plots showing differences in distance to main decision
centers, and percentage of urban areas, forest plantations and agricultural land
between future scenarios for the management of IAPs. Numbers in the x-axis
correspond to the management scenarios: Treading water (1), Meltdown (2), Losing
ground (3) and Maintain the gains (4), described in Box 1. Boxes show 25%-75% of
data and the median value (middle line), while whiskers the minimum and maximum
values.
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