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Respice, adspice, prospice

“Egmine e past, examine the present, expmine the future”



“Would it not be good to be able to say, Like Johin Muir, the Scotsman who became the
great American prophet of wilderness conservation:

“To the sane and free it will hardly seem necessary to cross the continent in search of
wild beauty, however easy the way, for they will find an abundance of it wherever they
chance to be.’

(Efton, quoting Mudr, J. 1909. Our National Parks. Boston and New York)
Will we be able to talk [iRe this in fifty years time, as he could do fifty years ago?”

Elton, C. S. 1958

Stince then another fifty years have passed.
2007
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PREFACE

The broad scope of this thesis, namely, examining the ecology of alien plant invasions in
savanna ecosystems, led to interaction and collaboration with a large number of
scientists. This collaboration has been extremely beneficial in widening my experience
in savanna ecology, invasion biology, plant ecology, conceptual ecology and a number of
other sub-disciplines. Further, each chapter was focused on exclusively for a period of
time, written and submitted for journal publication when ready. Therefore each chapter
in this thesis is in the format of a journal publication. However, for the purposes of this
thesis, I have outlined the contribution of the various authors and briefly indicated the

aim of the chapter.

Abstract. This was entirely the work of LCF.

Chapter 1- General introduction. This was entirely the work of LCF.
This chapter provides a general overview of the issues that are encompassed in the thesis,

discusses the main objectives, and thereby sets the scene for the following chapters.

Chapter 2- Risk assessment of riparian plant invasions into protected areas.
This chapter is based on: Foxcroft L.C., Rouget M. & Richardson D.M. 2007. Risk
assessment of riparian plant invasions into protected areas. Conservation Biology 21:
412-421.

LCF designed the framework, and DMR and MR made some suggestions to
refine it. LCF carried out all the analysis, and MR provided some limited GIS spatial
analysis support. LCF wrote the paper, and DMR and MR provided some support.

This chapter discusses the development of a framework for assessing the risk of
alien plant invasion along rivers in a protected area from adjacent watersheds. The
framework guides the determination of species distribution and abundance through
successive, easily followed steps, providing the means for the assessment of areas of

concern. I then applied the framework to Kruger National Park (KNP) in South Africa.
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Chapter 3- Ecological, management and monitoring perspectives gained from
patterns of alien plant distribution at mulitiple spatial scales.

This chapter is based: on Foxcroft L.C., Richardson D.M., Rouget M. & MacFadyen S.
2007. Ecological, management and monitoring perspectives gained from patterns of alien
plant distribution at multiple spatial scales, in a large national park. To be submitted.

LCF initiated this study, designing the conceptual premise behind the application
of scale theory to the dataset. LCF carried out all the spatial analysis and cartography,
and MR and SMF provided limited GIS support. LCF wrote the paper, and DMR
provided support and comments in writing the paper.

This chapter deals with scale; which is a central issue in ecology, and is critical
for understanding and managing biological invasions. In providing direction to managing
alien plant invasions, much emphasis is placed on the collection of spatial data.
However, too little thought is often given to how the data are to be used, frequently
resulting in the incompatibility of the data for different uses. I used data from KNP to
explore the role of spatial scale in interpreting, managing, and monitoring alien plaﬁt

invasions.

Chapter 4- Ornamental plants as invasive aliens: problems and solutions.

This chapter is based on: Foxcroft L.C., Richardson D.M. & Wilson J.R.U. 2007,
Ornamental plants as invasive aliens: problems and solutions in Kruger National Park, South
Africa. Environmental Management, in press.

LCF initiated this study, carried out the field work (with occasional field assistance
from various KNP staff). LCF carried out the GIS analysis and the statistical analysis.
JRUW suggested additions to the statistical analysis. LCF wrote the paper, and DMR
provided some support. LCF also drafted and implemented the KNP policy on which this
paper is based.

This chapter deals with the role of ornamental plants as invasive aliens. It is well
known that some of the most harmful plant invasions originated from the intentional
introduction of plants for horticulture (and other reasons). I explored this global problem
in KNP, where large numbers of ornamental plants were introduced over a long period. |

also explore the management interventions and approaches.
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Chapter 5- Patterns of alien plant distribution in 2 river landscape following an
extreme flood.

This chapter is based on: Foxcroft L.C., Parsons M., McLoughlin C. & Richardson D.M.
2007. Patterns of alien plant distribution in a river landscape following an extreme flood.
South African Journal of Botany, in press.

LCF designed the conceptual framework for assessing the impact of the flood on
invasive alien plants and approached MP to participate in and use the data from the KNP
Post Flood Research Programme. CM and MP (and others from the Post Flood Research
Programme) collected and maintained the data. MP and CM assisted in sorting the data
for this study. MP carried out some exploratory analysis, which LCF revised and
furthered with other statistical techniques. LCF wrote the paper, and DMR and MP
provided some support in the direction of the study and paper writing.

This chapter discusses the availability of suitable patches and gaps in the
landscape as a crucial determinant of invasibility for alien plants. The type and
arrangement of patches in the landscape may both facilitate and obstruct alien plant
invasions, depending on whether alien species perceive the patches as barriers. In
February 2000 tropical weather systems caused an extreme flood with an estimated return
interval of 90 to 200 years in the Sabie River, South Africa. The impact of the 2000
flood on the Sabie River landscape provides an array of patches that may provide suitable
resources for the establishment of alien plants. This study examines the distribution of

alien plants in relation to patchiness of the Sabie River landscape.

Chapter 6- Reconstructing S0 years of Opuntia stricta invasion: environmental
determinants and propagule pressure.
This chapter is based: on Foxcroft L.C., Rouget M., Richardson D.M. & MacFadyen S.
2004. Reconstructing 50 years of Opuntia stricta invasion in the Kruger National Park,
South Africa: environmental determinants and propagule pressure. Diversity and
distributions 10: 427-437.

LCF initiated this study, designed and carried out the data collection, capture and

data analysis. LCF carried out the analysis, and MR provided some support in



classification- and regression-tree analysis and SMF in some spatial analysis. LCF wrote
the paper, and DMR provided overall guidance and direction in the study, and provided
some support in the writing thereof.

This chapter explores factors influencing the spread dynamics and distribution of
an invasive alien cactus. Despite progress in unravelling the determinants of
invasiveness and invasibility, robust, spatially-explicit predictive models for explaining
real-world invasion dynamics remain illusive. Reconstructing invasion episodes is a
useful way of determining the roles of different factors in mediating spread and
proliferation. [ describe the reconstruction of an isolated invasion event from a known
source: the 50-year invasion history of Opuntia stricta in Kruger National Park. My aim
was to explore the relative roles of environment and propagule supply in shaping the

invasion pattern.

Chapter 7- What helps Opuntia stricta invade Kruger National Park: baboons or
elephants?

This chapter is based on: Foxcroft L.C. & Rejmanek M. 2007. What helps Opuntia
stricta invade Kruger National Park, South Africa: baboons or elephants? Jowrnal of
Applied Vegetation Science 10: 265-270.

LCF refined the basic hypothesis, which was suggested in a previous article, from
personal experience in the field, and on which this study is based. MR assisted in
developing the sampling strategy, and both LCF and MR carried out the field work (with
an occasional field assistant). MR carried out most of the statistical analysis. LCF wrote
the paper, and MR provided limited support.

This chapter investigates a number of questions and hypothesis regarding the
requirements of Opuntia stricta at a micro-habitat scale, in the KNP Lowveld where
baboons and elephants are regarded as the major vectors. 1 posed the following
questions: Is Opuntia stricta more frequent, and its patches larger, under trees suitable for
baboon roosting? If so, does it mean that baboons are major dispersal agents and that
plants established under these trees are important foci of Opuntia stricta spread? 1
surveyed an area invaded by Opuntia stricta in the Skukuza region of KNP in which to

explore these questions.
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Chapter 8- Beyond filling the gaps: advancing the science of plant invasion ecology
using a new conceptual framework.

This chapter is based on: Foxcroft L.C., Pickett S.T.A. & Cadenasso M.L. 2007. Beyond
filling the gaps: advancing the science of plant invasion ecology using a new conceptual
framework. To be submitted to Ecosystems.

LCF initiated the study, sketching various frameworks and drafting ideas for a
new conceptual approach to investigating or synthesizing plant invasions. [ did this using
various literature from the model and framework theory developed by STAP and MLC.
LCF then approached STAP and MLC with a view to collaborating on this paper, in view
of their considerable expertise in this area. LCF revised the framework and model
presented and wrote the paper; MLC and STAP provided support, direction and
comments in the writing of the paper. At this time, the paper is essentially completed and
will be submitted to the journal Ecosystems for consideration.

Although advances have been made in understanding the mechanisms underlying
invasions, these are mostly case specific, with little generality. Conceptual frameworks
and models have been successfully used in developing new understanding of ecological
phenomena such as ecological boundaries and spatial heterogeneity.

In this chapter, I describe a framework and model template that contextualises the
key components and linkages in the plant invasion process. The suggested framework
provides a structure to facilitate syntheses across scales and situations that might promote
generalization. 1 then use an example from Kruger National Park, South Africa, to

further suggest how this framework can guide management response to plant invasions.

Chapter 9- General conclusion. This was entirely the work of LCF.
This chapter briefly summarises the approaches followed and reviews the major findings
of this work. I place these insights into context using the general framework derived in

chapter 8.

Appendices: The appendix comprises a collection of papers, in which LCF has been

either the senior author or intimately involved. The work reported on in the appendices
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was done in support of the work presented in the thesis. The appendices are arranged in
two parts, and contain 1) details of science management linkages, and 2) alien plant

species lists.
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to the west of KNP, and (¢) domain (the entire area, including the protected
area and surrounding watersheds) divided into three zones for assessing the

risk of plant invasion into KNP.

Figure 2.2: A framework for assessing the risk of alien plant invasion into a

protected area that combines species- and landscape-level considerations.

Figure 2.3: Watershed-risk index; the potential risk that each watershed poses to

the lower river reaches, based on species richness of (a) all invasive alien
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{(Fabaceae; flamboyant), (b) Monstera deliciosa (Araceae; delicious monster),
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pipe), (h) Tecoma stans (Bignoniaceae; yellow bells), (i) Antigonon leptopus
(Polygonaceae; coral creeper), (j) Alpinia zerumbet (Zingiberaceae; shell
ginger).

73...Figure 4.3: The distribution and distance between staff villages / tourist camps in

) Kruger National Park.
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83...Figure 5.1: Conceptual barriers in the invasion process (from Richardson er al.
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rest of South Africa.

.Figure 5.3: Alien and native plant density (a), and species richness (b), in upper,

mid and lower zones. Significant differences among groups are given in

brackets in the figure legend. Bars indicate Standard Deviation.

Figure 5.4: Alien and native plant density (a), and species richness (b), in braided,

pool rapid, mixed anastomosing, and bedrock anastomosing channel types.
Significant differences among groups are given in brackets in the figure legend.

Bars indicate Standard Deviation,
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elevation intervals. Significant differences among groups are given in brackets

in the figure legend. Bars indicate Standard Deviation.
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.Figure 5.7: Alien and native plant density (a), and species richness (b), in bedrock
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Jigure 5.9: Regression tree of Sesbania punicea abundance along the Sabie River.

Rules indicated on top of each splitting branch apply to the left branch. Values
at terminal nodes indicate the predicted density (plants/ha). The variable at the
top of the tree represents the most important variable by which the data is

successively split to form the homogenous groups at the terminal nodes.

..Figure 6.1: (a) Study area in relation to Kruger National Park, (b) Landscape

heterogeneity as indicated by satellite imagery grouped into 20 classes (top),
number of fires between 1950 and 2003 (bottom), (c) Mapped distribution of
0. stricta (19,849 points), (d) Cladode density of O. stricta in 1-ha cells.

.Figure 6.2: A dense stand of Opuntia stricta in 1997, near Skukuza in Kruger
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caused by the introduced biological control agent Cactoblastis cactorum
(Photograph: J.H. Hoffmann).
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of invasion of Opuntia stricta. | shows the known source of the invasive O.
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..Figure 6.5: Classification tree of distribution (presence/absence) of Opuntia

stricta based on environmental factors only (panel a) and environmental
factors plus fire (panel b). Rules indicated on top of each splitting branches
apply to the left branch. Values at the terminal nodes indicate predicted

presence (1) or absence (0).

Figure 6.6: Classification tree of distribution (presence/absence) of Opuntia

stricta based on propagule pressure. Primary focus represents the distance (in

m) from the original introduction (in Skukuza village), secondary foci
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represent the distances from invaded cells with >500 cladodes (see Fig. 6.3d).
Rules indicated on top of each splitting branches apply to the left branch.

Values at the terminal nodes indicate predicted presence (1) or absence (0).
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141...Figure 8.1: A flow diagram of processes and associated terminology used in

invasion ecology. The left hand column shows the switch points in overcoming
sequential barriers to invasion. The barriers are geographic, reproduction, wide
dispersal, and environmental alteration. The right hand column shows the
terminology that is applied to species that successfully pass each kind of barrier.
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of importance among components.

148...Figure 8.3: Conceptualizing invasion as determined by conditions external to the

potentially invasible site, conditions internal to that site, and characteristics of
the potentially invasive species. What is external versus internal, in time and
space, depends on the boundaries set by the research model or the management
goals. Given a model of the system that defines convenient, jurisdictional, or
natural boundaries, this list of general kinds of influences on invasion is
logically complete. A framework elaborating these three features would

therefore be comprehensive.

152...Figure 8.4: An invasion ecology model template. This general model form

suggests how the causes identified in the invasion framework (Fig. 8.2) can
interact with one another in any situation where invasion is to be analysed. The
model identifies two states of the system or of a system at two time periods
(State 1 and State 2). Whether a potentially invasive species actually can shift
the system from State 1| to State 2 is determined by the three kinds of
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ABSTRACT

Pattern and Process of Plant Invasion in an African Savanna Ecosystem, With Emphasis on
Multiple Spatisl and Temporal Scales. By Liewellyn Courtney Foxcroft, August 2007.

Biological invasions are a significant ecological and economic global crisis. Protected
areas also suffer from the increased burden that invasions place on their resources and the impacts
placed on the ecosystem. However, management requires an ecological foundation which can
inform best practice and optimize its responses. [ explored the patterns and processes of invasion
in Kruger National Park (KNP), South Africa; a large national park situated in the Lowveld
savanna ecosystem.

I used spatially-explicit alien plant data at various scales from: a national database, the
whole of KNP, a specific region, river system, and small scale plots in one invaded area of KNP,
Using various statistical techniques, primarily classification and regression tree analysis, logistic
regression, ANOVA, Nestedness and spatial pattern analysis, I assessed the relationship between
the patterns observed at a specific spatial grain and extent, discussing the implications for
invasion ecology and management. Using this knowledge and conceptual tools, I developed a
new framework and model which contributes to invasion theory.

Scale is a critical component in evaluating alien plant invasions. Without careful
consideration of scale, studies from different scenarios cannot be compared and the science of
invasion ecology will not advance.

I provide a framework for assessing the risks of plant invasions in a watershed, using
both an area- and species-approach, highlighting areas of current and future potential concern. |
also explore the role of intentional introduction of ornamental plants and discuss management
approaches for dealing with this. Evaluating a riparian system provides insights into how
different patches in a landscape are differentially invaded, and how patch type characteristics
need to be considered carefully for management and monitoring. [ also describe how
reconstructing the invasion history of a species, complemented by fine scale assessment, provides
insights into species-specific spread models, and also how these types of studies can input into
general theories, such as the role of propagule pressure.

These components together provide insight into the dynamics of alien plant invasions in

an African savanna and protected area system.
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CHAPTER 1 GENERAL INTRODUCTION

CHAPTER ONE
GENERAL INTRODUCTION

This thesis explores the process of invasion by alien plants in an African savanna
ecosystem. [ integrate conceptual (for example, conceptual frameworks; Pickett et al.
1994) and semi-mechanistic tools (for example, systematic conservation planning;
Rouget et al. 2003a) from various sub-disciplines in classical ecology and conservation
biology, to examine and reveal insights into alien plant invasions.

I start by contextualizing the study area, primarily the Kruger National Park-
South Africa’s flagship national park- within the broader landscape. I do this to explicitly
consider the connectedness between a protected area and the surrounding landscape, and
the influences that the wider landscape has on the processes that are internal to the
protected area. Thereafter, I focus within the KNP, examining the interplay between
features of potentially invasive species and features of the environment. 1 also
incorporated a human dimension, as humans are inextricably linked to the global problem
of biological invasions (McNeely 2005), and explored the role between humans and the
environment in a protected area, and how this contributes to spreading alien species. [
conclude by developing a new conceptual framework and inodel, suggesting that the
framework provides a structure for generalizing across scales and situations, and thus
lead to generalization.

I have used scale as the underlying tenet in this thesis in two ways. First, the
components or thesis chapters which 1 present explored alien plant invasions both at an
explicit extent and grain (Wiens 1989). It is only by having a scaled understanding of
patterns and processes, that ecologists can relate insights from one setting to another, and
thus contribute to a general theory for invasion biology. Second, understanding the
linkages between ecological scales is the only way in which theory may be applied to real
problems (Wiens 1989, O’Neill ez al. 1991).

In order to organize the thesis in a logical and structured way, I have placed the

main objectives in a framework (Fig. 1.1), and to which I refer throughout the thesis.
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CHAPTER 1 GENERAL INTRODUCTION
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Figure 1.1: A schematic overview of the primary chapters and other important

components of the thesis.
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CHAPTER 1 GENERAL INTRODUCTION

Invasion Ecology
The science of invasion ecology is a rapidly growing field (Rejmanek er al. 2005); the
literature abounds with examples, case studies, syntheses and theories. Although some
contributions to understanding invasions by plants were made more than a century ago
(De Candolle 1855, Darwin 1859, Hooker 1864, Franchet 1872, Goeze 1882), it was only
after the publication of Elton’s (1958) seminal volume, did the (sub-) discipline of
invasion ecology emerge (Richardson & PySek 2007). The field became more prominent
with the publication by Drake er al. (1989), and continues to attract the attention of
leading ecologists globally. The recent publication by Mooney et al. (2005) succinctly
captures the current wealth of knowledge in Invasive alien species- a new synthesis. Of
direct relevance to this thesis is the chapter by Rejmanek er al. (2005): Ecology of
invasive plants- state of the art. By adding to and refining the three key questions posed
by Drake et al. (1989), Rejmének et al. (2005) pose five questions that underpin the
science of plant invasion ecology, namely:

e  Which taxa invade?

e How fast?

e What makes ecosystems invadible?

e What is the impact?

e How can we control or eradicate harmful invaders?
I have considered these questions in various ways in this thesis.

Although the main questions in the field are well described, numerous attempts to
develop general rules for invasion ecology have been largely unsuccessful (Vermeij
1996). This has lead to some authors arguing that expecting such rules to emerge is
unrealistic (for example, Crawley 1987, Gilpin 1990, Lodge 1993, Vermeij 1996),
beyond ftrivial correlations which are of limited management use (various authors in
Rejméanek er al. 2005). One model however has provided substantial benefit in
developing a conceptual understanding of invasions; the ‘naturalization-transformation’
model proposed by Richardson et al. (2000; Fig. 1.2), and which has had a profound
impact on my conceptual understanding, and further development of my personal theory

regarding the ecology of invasions.
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GENERAL INTRODUCTION
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Figure 1.2: The primary thesis chapters in relation to the ‘invasion — naturalization’

model of Richardson ef al. (2000).

The ‘naturalization-transformation’ model (Richardson er al. 2000; Fig. 1.2) describes a

series of barriers or filters, through which a species must pass in order to move to the next

level in the continuum. Thus, not all species present in a suite of potential invaders will
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CHAPTER 1 GENERAL INTRODUCTION

invade and become transformers (a subset of invasive species that alter the character,
form or function of the system; Richardson et al. 2000). It is this process of invasion,
from potential invader to transformer, that attracts my ongoing interest, and particularly,

in savanna ecosystems.

Savanna Ecosystems
Seven biomes are recognised in southern Africa (Mucina & Rutherford 2006), of which
the savanna biome can broadly be divided into an arid and moist group (Huntley 1982).
The savanna biome is characterised by a discontinuous over-story of woody plants and an
herbaceous layer dominated by Cy4 grasses (Venter ef al. 2003). Covering 60% of sub-
Saharan Africa (Scholes & Walker 1993), savannas constitute 12% of the global land
surface (Scholes & Hall 1996). The plant species richness of southern African savannas
is high, with about 5,700 plant species being recorded (White 1983).

The interaction of savannas and people dates back a long time. For example, the
earlier and middle stone-age people lived in the area that is now KNP for the past 20,000
years (Deacon & Deacon 1999). The combined effect of the main drivers (humans,
climate, fire, large herbivores and others) has resulted in the savanna system being
ecologically complex and highly heterogeneous (Pickett, Cadenasso & Benning 2003).
Additionally, not all patches in the landscape are likely to be equally easily invaded. For
example, the riparian habitats in KNP are far more invaded than other habitats (Foxcroft
& Richardson 2003). Thus, the ecological template across the African savannas provides
a range of opportunities for examining the processes and patterns of invasion. Or
alternatively, as Lonsdale (1999) shows African savannas to be less invaded than other
parts of the world, perhaps this provides an opportunity to examine the potential biotic
resistance to invasions. However, little literature on alien plant invasions emanates from

the African savannas.

Disturbance
While disturbance, anthropogenic or natural (Pickett & White 1985), is known to increase
opportunities for invasion (Hobbs & Huenneke 1992), disturbance is a regular feature of

savannas (du Toit et al. 2003). Although studies have investigated the role of resource
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CHAPTER 1 GENERAL INTRODUCTION

availability (e.g. Hobbs & Huenneke 1992), and the fluctuating availability of those
resources (Davis er al. 2000), disturbance regimes (e.g. Hobbs 1989, Grace et al. 2001,
Brooks & Pyke 2001), and empty niches (e.g. Cannas ef al., 2002) in facilitating
invasions, I know of only a few studies that have explicitly examined the role of
landscape patches in the context of invasibility (With 2002, 2004). The relationship
between plant invasions and fire (D’ Antonio 2000), floods (Tabacchi er al. 1998, Malard
et al. 2000, Arscott et al. 2002, Dixon 2003) and droughts (Davis et al. 1998) has been
widely explored in various regions of the world, and are also probably the most prevalent,

wide scale disturbances featured in the KNP savannas (du Toit ef al. 2003).

Anthropogenic impacis

The problem of invasive alien species is a human problem (McNeely 2005), and is best
captured in the title of a book that explores this subject: The great reshuffling- human
dimensions of invasive alien species (McNeely 2001). People move things around.
Propagules are moved around the world with increasing ease and speed; species seem to
more often invade human altered ecosystems (although they are often completely capable
of invading natural, well protected ecosystems); many species are intentionally
introduced for economic and personal uses; and, the problems with invasions are defined
by, and responded to, by humans (McNeely 2005). Even protected areas, mandated with
maintaining biodiversity (composition, function and structure, as described by Noss
1990) have problems with, and have to manage invasions that originate from intentional
introductions (Foxcroft 2001).

Scale: Spatial and Temporal

Pattern and processes operate over a wide range of scales, and the characteristics
observed are scale dependant (Allen et al. 1984, Delcourt & Delcourt 1988, Levin 1992,
Wessman 1992, Fisher 1993, Wu 1994). Understanding patterns, whether spatial,
temporal or functional, is inseparable from scale in theory and practice (Wu & Loucks
1995). The choice of scale acts as a magnifier or blinker, depending on the

appropriateness of the observation window to the organisms or function being studied
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(Allen & Starr 1982, O'Neill ef al. 1986). Thus, scale affects the observation of patterns,
and therefore must be an integral part of describing patterns (Wu & Loucks 1995).

Although plant ecologists have recognized the importance of sampling scale in
their descriptions of dispersal or species distributions (Wiens 1989), invading plants pose
further complexity. Consequently, far less attention has been given to scale issues in
understanding invasiveness (but see Higgins e al. 1996). It may be argued that the
reason invasions pose additional layers of complexity to understanding spatial patterns is
that most alien plants are still in the process of spreading and have not sampled the full
range of available habitats (Rouget er al. 2004, Wilson et al. 2007). Few studies have
studied the processes and patterns of invasion from the initial founder population to the
point where all available, susceptible habitats have been sampled (Pys$ek & Hulme 2005).

Invading plants also have spatial and temporal dynamics that are difficult to
predict (Py$ek & Hulme 2005), frequently expanding their distribution from extremely
low numbers of source populations, often through rare dispersal events (Puth & Post
2005). However, the ability to predict ecological phenomena such as patterns of alien
plant distribution, and thus infer ecological processes (Turner 1989), depends on the
relationship between spatial and temporal scales of variation (Wiens 1989). With an
increase in spatial scale, the time scale at which important processes operate is slower,
time lags increase, and indirect effects become increasingly important. Further,
understanding patterns of invasions is also a function of both the extent and grain of the
investigation (Wiens 1989). Extent refers to the overall area of the investigation, while
grain refers to the individual units of observation. Therefore, the various components of
the scale (time, extent and grain) of the investigation determine the range of patterns that
detected and the explanations provided (Dale 1999).

I examined the process of invasion by exploring spatial patterns at a number of
scales (Fig. 1.3), ranging from the landscape-level to a plot-level (Table 1.1). Although
the KNP is the focal area and the spatial extent of the work in chapters 3-4, I assessed the
risks posed by alien plants invasions upriver from the KNP (chapter 2), patterns of
riparian plant invasion following a major flood in one large river (chapter 5),

reconstructed the invasion of a single species (Opuntia stricta) which was well mapped

FOXCROFT. 2007. PATTERN AND PROCESS OF ALIEN PLANT INVASION. 7




CHAPTER 1

GENERAL INTRODUCTION

(chapter 6), examined the fine scale dynamics of O. stricta (chapter 7), and then provide a

new general framework, which may be applied at any scale.

Quaternary
watersheds

ixne
boundary

-l
ny:d
us |
(¥ -

Species rich
1% 1 km cells):
M1

5x § km cells

BT
126 HE
KNP bounda @%u :

[E A

>
&

;
|
X

-+ Woody alien transects

Sabie River channel types

u Bedrock anastomosing...4
Braided

M Mixed anastomosing

B Pool/Rapld

@l Single thread

A/ Sabie River

N

Wf

€ Skukuzs
e Opuntia records

o Study area g

e e g s s,

it .
® .t

Cami il f

Figure 1.3: The spatial domains of the studies reported on the different chapters of this
thesis: (a) Chapter 2, KNP in relation to the wider watershed / river drainage systems to
the west; (b) Chapter 3, evaluation of invasive alien plant distribution data across KNP, at
various spatial scales, of which 5 x 5 km (larger blue cells) and 1 x 1 km cells (finer red
cells) are indicated in (c); (d) Chapter 4, assessing the role of ornamental alien plants as
invasive aliens in staff and tourist camps across the KNP landscape; (€) Chapter 5,
investigating the distribution of invasive alien plants following a large infrequent flood
disturbance in the Sabie River, KNP; (f) Chapter 6, reconstructing the invasion of
Opuntia stricta, in the Skukuza region of KNP; (g) Chapter 7, assessing local scale
dynamics of O. stricta invasion in relation to its primary vectors- baboons and elephants.

FOXCROFT. 2007. PATTERN AND PROCESS OF ALIEN PLANT INVASION.




CHAPTER 1

GENERAL INTRODUCTION

Table 1.1: The relationship between grain and extent in the primary thesis chapters.

Chapter and short Scale of investigation
description Grain' Extent’
2- Risk assessment of Quarter degree square The entire KNP (20,000
riparian invasions from  (roughly 25 x 27 km), km?) and westwards, into

the upper river basins of
rivers draining through
the KNP

3- Patterns of alien plant
invasions at multiple
spatial scales

4- The role of humans
and ornamental plants as
invasive aliens

5- Patterns of riparian
invasions following a
large infrequent flood

6- Reconstructing the
invasion of Opuntia
stricta over 50 years

7- Local scale dynamics
of Opuntia stricta
invasion and the role of
its vectors- baboons and
elephants

8- A new conceptual
framework for plant
invasions

rescaled to the quaternary
watershed scale

Point locality data was
evaluated at multiple spatial
scales, from 0.1 x 0.1 km, to
the quarter degree square

36 tourist and staff villages
across KNP

For woody species data, 548
plots of 30 x 5 m, and for
herbaceous species, 156 plots
of 5x5m

Point locality data

Circular plots of diameter of
0.5t02.5m

the upper watershed areas
(approx. an additional
20,000 km?)

The entire KNP

The entire KNP

The Sabie River, inside the
KNP (length approx. 120
km)

The Skukuza region of
KNP, covering about
66,000 ha

One patch of Opuntia
stricta 340 x 380 m

The framework is generic in that it can be used to assess
the invasion of an alien species at the grain that is relevant
to the species and system being investigated

'~ Grain refers to the individual units of observation (Wiens 1989)
2. Extent refers to the overall area of the investigation (Wiens 1989)

Science / Management Relationships

The general theory of ecosystem heterogeneity (Wu & Loucks 1995) as an alternative

paradigm to the ‘balance of nature’ theory has been embraced in the management of KNP

(Pickett er al. 2003).

In doing so, a new approach to management which caters for

FOXCROFT, 2007, PATTERN AND PROCESS OF ALIEN PLANT INVASION. 9




CHAPTER 1 GENERAL INTRODUCTION

continuous flux at multiple space and time scales, was adopted and expressed as the
Strategic Adaptive Management process (Biggs & Rogers e al. 2003, see appendices
1.3-1.9). In essence, this implies ‘learning by doing’ and active ‘reflection and response’
(Rogers 2003), with the intention of achieving integration between ecological science and
conservation practice (Biggs 2003).

Rogers (2003) describes three main reasons for science management linkages (or
adaptive management). First, if science is not explicit and carefully managed, informal
mental models of scientists and managers form self-reinforcing pseudo-facts, which then
form the basis of conservation management decisions. Second, because ecosystems are
so complex, and the tools of managers somewhat limited (e.g. fire, water, guns, earth
moving equipment), much needs to be learned if the products of science are to be turned
into achievable goals, and more importantly, implemented. Third, because reports and
publications are usually only read by colleagues and scholars, scientists need to make the
learning process more explicit and useful to management, and thus turn management
decisions into landscape scale experiments, from which we can learn to better manage.

It is thus my fervent hope that the science presented in this thesis is both useful

and used, by managers and scientists alike,

Study area- the KNP and Lowveld savanna
The Kruger National Park, situated in South Africa’s Lowveld savanna between the
Drakensberg escarpment in the west and the extensive coastal plains of Mozambique in
the east (Fig. 1.4), is one of the largest protected areas in the world primarily managed for
biodiversity conservation. The KNP has over 100 years of formal conservation history
and spans about 20,000 km® It has a rich natural history which has been both the
livelihood of the Hunter-gather and Iron Age (AD 200-1836) eras, and the fascination of
the colonial explorers / hunters (1836—1902), game preservation (1902—1925) and formal
conservation (1925 onwards) eras. The recent volume: The Kruger Experience: ecology
and management of savanna heterogeneity (du Toit et al. 2003), provides an in-depth
discussion of the abiotic template and the biotic interactions.

Due to the spatial arrangement of the focal areas in each chapter, short discussions

of the particular areas are given in each chapter. I have tried to reduce duplication, but in
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providing a necessarily complete description of the study area with reference to the

particular study, some overlap between the chapters is inevitable.
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Figure 1.4: The study area, showing the Kruger National Park and Lowveld savanna
vegetation types (Mucina, Rutherford & Powrie 2005). The insert places KNP in relation

to South Africa.
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CHAPTER TWO
RISK ASSESSMENT OF RIPARIAN PLANT INVASIONS INTO PROTECTED
AREAS!

Abstract

Protected areas are becoming increasingly isolated. River corridors represent crucial
links to the surrounding landscape but are also major conduits for invasion of alien
species. I developed a framework for assessing the risk of alien plant invasion along
rivers in a protected area from adjacent watersheds. The framework combines species-
and landscape-level approaches and has five key components: (1) definition of the
geographical area of interest; (2) delineation of the domain into ecologically meaningful
zones; (3) identification of the appropriate landscape units; (4) categorization of alien
species and mapping of their distribution and abundance; and (5) definition of
management options. The framework guides the determination of species distribution
and abundance through successive, easily followed steps, providing the means for the
assessment of areas of concern. [ applied the framework to Kruger National Park (KNP)
in South Africa.

I recorded 231 invasive alien plant species (of which 79 were major invaders) in
the domain. The KNP is facing increasing pressure from alien species in the upper
regions of the drainage areas of neighbouring watersheds. Based on climatic modelling, I
showed that most major riparian invaders have the ability to spread across KNP should
they be transported down the rivers. With this information, KNP managers can identify
areas for proactive intervention, monitoring, and wise resource allocation. Even for a
very large protected area such as KNP, sustainable management of biodiversity will
depend heavily on the response of land managers upstream managing alien plants.

I suggest that this framework is applicable to plants and other passively dispersed

species, which invade protected areas situated at the end of a drainage basin.

! publication status: Foxcroft, L.C., Rouget, M. & Richardson, D.M. 2007. Risk
Assessment of Riparian Plant Invasions into Protected Areas. Conservation
Biology 21: 412-421.
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Introduction
Protected areas are becoming increasingly isolated, forming islands of relatively intact
ecosystems in a matrix of land uses that are often incompatible with biodiversity
conservation. The degree to which activities outside protected areas affect the
functioning of ecosystems within such areas depends on the geography of the region and
numerous socioeconomic factors (Pollard er al. 2003). Protected areas are connected
with their surroundings in many ways. Besides the many ‘edge effects’ involving the
spill over of human-related activities across the boundaries of protected areas (see
references in Alston & Richardson 2006), there are also other important ways that
humans impact on protected areas. Roads and rivers are particularly important conduits
for the spread of invasive species (PySek & Prach 1994) and form links between the
protected areas and their surroundings; such links are both beneficial and problematical.
Roads allow access for management activities but create openings for the introduction of
unwanted organisms (e.g., Lonsdale & Lane 1994, Gelbard & Harrison 2003). Rivers
provide corridors and are conveyor belts for the movement of organisms between isolated
protected areas (van Wilgen er a/. 2006). Protected areas are usually too small to contain
entire watersheds, but they are linked to surrounding areas via rivers (van Wilgen et al.
2006). This linkage adds a level of complexity to the management of protected areas.

Where alien plant species are abundant in the watersheds surrounding a protected
area this may provide a continuous source of propagules, greatly complicating long-term
control efforts. For example, in South Africa’s Kruger National Park (KNP), some of the
worst invasive plant species spread into the park along major rivers (Foxcroft &
Richardson 2003, appendix 1.2). Given the complex mosaic of land uses and the
abundance and diversity of invasive alien plant species in the watersheds drained by the
major rivers that flow through KNP (Fig. 2.1a), further incursions of alien species along
rivers are a major threat to the biodiversity conservation objectives for the park (KNP
2005).

The KNP objectives hierarchy (KNP 2005, appendix 1.5) guides management
policy and strategy. However, physical control interventions are currently mostly ad hoc
in the absence of a framework to guide actions. Management projects are currently

underway to address the invasion of alien species through a number of vectors. For

FOXCROFT. 2007. PATTERN AND PROCESS OF ALIEN PLANT INVASION. 14




CHAPTER 2 PLANT INVASION RISK ASSESSMENT

example, management of plants arising from the spread of ornamental plants in tourist
villages (Foxcroft 2001) is a major focus of control efforts. Aquatic weeds such as water
hyacinth (Eichhornia crassipes [Mart.] Solms.) and water lettuce (Pistia stratiotes 1..) are
treated with biological control agents and herbicides. The largest control efforts in KNP
have been allocated to managing the invasive cactus, sour prickly pear (Opuntia stricta
(Haw.) Haw. var. dillenii (Ker Gawl.) L. D. Benson), which has invaded more than
80,000 ha (Chapter 6) and to continuous follow-up control against a suite of invasive
riparian species by the national Working for Water programme (Foxcroft & Richardson
2003, appendix 1.2, Freitag-Ronaldson & Foxcroft 2003, appendix 1.3).

However, the management of invasive plant species in riparian zones is
increasingly seen as a futile task because operations are not planned with due cognizance
of the configuration of KNP in relation to propagule sources outside the park. There is an
urgent need to assess priorities for management of species that have potential for
introduction to the park along rivers. Rivers are a particularly important component of
KNP because the entire southern (Crocodile River) and northern (Luvuvhu and Limpopo
rivers) and parts of western boundary (Sabie and Nsikazi rivers) are formed by rivers.
Even more importantly, seven major rivers flow through the park from drainage areas

severely invaded by numerous alien species (Fig. 2.1a & b).
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Figure 2.1: Kruger National Park (KNP): (a) the major rivers flowing west to east
through KNP, (b) topography of the area showing the higher-elevation areas to the west
of KNP, and (¢) domain (the entire area, including the protected area and surrounding
watersheds) divided into three zones for assessing the risk of plant invasion into KNP.

Although qualitative risk-assessment protocols (e.g., Tucker & Richardson 1995,
Pheloung et al. 1999, Daehler & Carino 2000) are useful for preventing or reducing
introductions of unwanted species, the challenges associated with managing a suite of
species already in a particular area are immense. Risk assessment protocols usually aim
to identify potentially invasive species based on broad criteria (e.g. previous invasion
history) at a regional scale, with some modification for particular areas (Daehler &
Carino 2000). An objective assessment of the risk of spread from different watersheds
would help managers identify areas where proactive intervention would be most effective
and where monitoring for new incursions would be most effective.

I developed a framework for assessing the risk of alien plant invasion along rivers
into a protected area from adjacent watersheds. I applied the framework to the KNP
situation and discuss how its application could improve conservation management and

planning.
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Methods
Risk assessment framework
Although qualitative risk assessment is useful at a broad scale, a framework is required
for use at a local scale that would provide insights into key species and areas. For the
framework to provide a robust assessment of risks posed by alien plants to the protected
area from surrounding watersheds, I believed that it had to (1) be specific to the local
geography; (2) consider species of special concern (i.e., species known to be aggressive
invaders in particular habitats in the area); (4) include abundance or, as a proxy, species
richness as a method of incorporating propagule pressure; and (5) be relevant and useful
to the management goals of the protected area.

The generic framework (Fig. 2.2) I developed can be applied to other areas in
similar situations. There are five key components in the framework (Fig. 2.2).
1. Define the geographical area of interest (i.e., the domain- the entire area including the
protected area and surrounding watersheds). The domain includes both the primary area
of interest (the protected area) and a much larger surrounding area, including the
upstream drainage basins that act as potential sources of invasive alien species. The
shape of the protected area within the broader landscape matrix should be considered to
ensure adequate inclusion of the areas that may act as sources of propagules.
2. Delineate the domain into zones that are ecologically meaningful and relevant to
management so that areas with a high risk of invasion can be identified. I used a zone
within the protected area, a transitional zone, and a zone encompassing the remainder of
the domain. The transitional zone provided an area for monitoring and implementing
early warning or eradication systems because alien plants move passively down the
watershed, through the transitional zone and ultimately into the protected area.
3. Identify the appropriate landscape units at which to explore the richness of alien
species based on criteria such as the availability and resolution of data and the usefulness
of the data to management. The landscape unit selected should be appropriate for
studying distinct river systems and allow evaluation and assessment of potential risks
posed by certain areas, Depending on the size of the protected area and the rest of the

domain as well as resources available to management, the landscape units selected may
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be coarser for larger areas and finer in smaller areas, as the smaller areas can be more
intensively mapped and monitored.

4. Map the distribution and abundance of alien species. For many areas detailed floristic
data are available. Where data need to be collected a number of techniques are available
(e.g., see Henderson 1998, 1999, 2001). However, the resolution of the data should be
appropriate to the scale of the landscape unit selected (see Chapter 3).

Most approaches for determining species spread and risk focus attention
separately on single species (e.g., focus on specific species and identify and manage all
known populations) or particular areas (e.g., manage a suite of species in a specially
demarcated area to minimize impact) (DoC 2000). My afm, to determine overall
management options based on the spatial arrangement of species of primary concern and
the invasion foci, called for a combination of these two approaches (species and
watershed levels).
4A. In the species-level section of the framework, identify species of primary concern
and their distribution. Because certain species are considered more serious invaders than
others (e.g., chromolaena, Chromolaena odorata [L.] R M. King & H. Rob., in the KNP
context), the presence of one or a few of these requires specific and targeted management
action.
4A1. Identify major invader species (i.e., widespread alien plant species or invaders that
occur in dense stands). Identification of a subset of major invaders forces managers to
consider these species explicitly in formulating management recommendations. This can
be done in many ways, for example, by analysis of abundance or expert opinion, but
requires that a manageable number of species that are most likely to cause harmful
impacts to biodiversity are listed for priority actions.
4A2. Categorize species by habitat preference. Separate alien species into habitat
preference categories (i.e., alien plants that predominantly occur in riparian, landscape, or
both riparian and landscape areas) in order to focus on those species most likely to be
passively dispersed by river flows and floods. I also separated the most widespread and
localized species and placed these in a matrix to determine the species risk categories.
From this, appropriate management intervention, such as early detection, eradication, or

biological control, is determined.
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4A3. Categorize species by zone. Separate the species into the three zones determined in
component 2 to assess the species that occur in the protected area, adjacent to it, or in the
upper basin of the protected area.

4B. Assess sources of propagule pressure outside the protected area and map areas of
high invasion risk within the protected areas.

4B1. Record current alien species richness. Determine the current species richness (for
all recorded alien species) per landscape unit (watershed) and per zone. Species richness
is used to provide a measure of the availability and size of the propagule pool and is used
as a proxy for species abundance data, which is often unavailable.

4B2. Record potential alien species richness. To account for future risks consider the
current distribution of alien plants in the landscape units and predicted species
distribution of the major invaders. Various approaches are now available for predicting
species distributions (e.g. Thuiller 2003, Guisan & Thuiller 2005). The potential species
distribution is useful because including species likely to be present in the future extends
the lifespan of the framework in terms of its relevance to managers in the medium term (5
to 10 years).

Furthermore, because the predicted distribution of the major species “fills in” or
supplements the data, databases for invasive species are frequently incomplete due to the
rapidly changing nature of invasions.

5. Define management options. In the final step, assess both the species’ risk category
and the watershed risk index. The species risk category assesses the threat that
specifically selected species pose to the protected area based on their distribution and
proximity to the protected area. The watershed risk index delineates the threat posed by
the current (and predicted) pools of high propagule supply and the proximity of the threat
to the protected area. The species risk category and the watershed risk index provide an
understanding of the combined effects of the number and species of alien invaders.
Species are categorized into manageable groups and suitable management

recommendations are provided per group.
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Figure 2.2: A framework for assessing the risk of alien plant invasion into a protected
area that combines species- and landscape-level considerations.
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Case Study of Kruger National Park

I used Kruger National Park (KNP) as a case study through which to evaluate the
framework. The discussion is arranged numerically to correspond with the numbered
components above and in Fig. 2.2.

1. KNP covers an area of 20,000 km? in the north-eastern corner of South Africa. Its
entire eastern boundary borders on Mozambique. It extends 360 km north to south and
90 km east to west at its widest point. Located in the mid-reaches of an extensive
drainage basin that arises in the higher-elevation areas to the west (Fig. 2.1b), KNP
comprises mostly gently undulating landscapes (Gertenbach 1983). Elevation in the
domain (i.e., the entire area including the protected area and surrounding watersheds)
varies from 2253 m asl (Table 2.1) in the west to 104 m asl in KNP. The study area
includes KNP within the broader landscape context. The landscape contains quaternary
watersheds up to approximately 140 km west of the KNP boundary. Of the seven main
river systems, KNP only manages a small proportion of each. The Crocodile River,
which is 316 km long, has only 36% under formal protection in KNP. The Letaba, 481
km, 26%; Limpopo, 736 km, 4%; Luvuvhu, 225 km, 35%; Olifants, 704 km, 14%; Sabie,
178 klh, 57% and the Shingwedzi, 159 km, 63%; respectively, are protected in KNP. [
- was interested only in the upstream basin because alien plants largely enter KNP through
dispersal of propagules in water. I paid no attention to areas downstream of KNP in
Mozambique because there is no evidence suggesting the passive dispersal of alien plants

upstream into KNP.
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Table 2.1: Environmental and land-use variables used to characterize the watersheds in
Kruger National Park (KNP), including a summary of 20 features for the overall domain
(the entire area, including the protected area and surrounding watersheds) and each of the
three alien plant management zones.

Category Domain Upper basin  Transitional zone Within KNP
Alien plant species richness

All aliens 231 192 165 97
Major invaders 79 72 66 45
Riparian invaders 185 153 138 88
River length

Total length of 7437 2158 3559 1720
all segments (km)

Mean length / 19 19 22 17
segment (km)

Watershed

Area (km?) 52 169 14 259 25771 12 139
Ave watershed 462 264 572 551
size (km?)

Size of largest 1249 759 1249 927
watershed (km?)

Size of smallest 47 47 254 182
watershed (kmz)

Ave mean annual 21 39 17 6
runoff (mm)

Primary land-use types

Cultivated (%) 11 21 12 0.1
Degraded (%) 5 7 6 0.08
Mines (%) 0.1 0.02 0.2 0.00
Natural (%) 75 50 78 99
Plantations (%) 6 19 1 0.00
Urban (%) 2 3 2 0.03
Water bodies (%) 0.1 0.2 0.1 0.05
Topography

Mean elevation 561 892 468 323
(m asl)

Max elevation 2253 2253 1501 700
(m asl)

Min elevation 104 419 122 104

(m asl)

FOXCROFT. 2007. PATTERN AND PROCESS OF ALIEN PLANT INVASION.

22



CHAPTER 2 PLANT INVASION RISK ASSESSMENT

Riparian aliens are primarily introduced into KNP through dispersal of propagules
along rivers. Thus, it may be argued that the simplest framework for controlling riparian
alien plants from spreading into KNP would be to focus simply on rivers that have the
highest runoff rates. To ascertain that the species richness in the watersheds was not
correlated simply to water runoff, I carried out linear regression to determine whether I
could predict species richness as a function of mean annual runoff.

2. Based on elevation and broad biophysical criteria (moisture and vegetation gradients),
I determined three zones through which to evaluate the proximity and potential risk of
each of the zones to the KNP: (1) within the protected area (KINP), where the watershed
is contained completely within the KNP, (2) transitional zone, where the KNP boundary
falls within the particular watershed, and (3) the upper drainage basin, representing the
uppermost watersheds in the river system, bounded by the top of the tertiary watershed.
In some cases [ adjusted the zones slightly to make the zone more continuous along the
length of the KNP boundary (Fig. 2.2¢).

3. Due to the large area covered, | worked at the scale of quaternary watersheds
(quaternary catchments are nested subdivisions within primary, secondary, and tertiary
catchments). Quatemary catchments are used for regional-scale planning for many
environmental initiatives in South Africa, such as the national Working for Water
programme (invasive alien plant control programme). The study area contained 121
quaternary watersheds, ranging in size from 1249 km® to 47 km?. 1 believed that the
quaternary watersheds provided an appropriate scale against which to determine the
species richness. This was based on the size of the entire domain and the resolution
of the data. Furthermore, because I was interested in the potential of alien species to
invade down the major rivers into KNP, [ believed that the watershed approach provided
the appropriate landscape unit for this study.

4. Data on the current distribution of invasive alien plants in the domain was provided by
the Southern African Plant Invaders Atlas (SAPIA; Henderson 1998, 1999, 2001). The

SAPIA database has more than 50,000 geo-referenced records based on a quarter-degree
grid-square system (15' latitude x 15' longitude), representing roughly 25 x 27 km.
Although relatively coarse, the SAPIA data is the best available alien plant distribution

data for southern Africa (Richardson et al. 2005). The data was collected over many
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years, with a number of participants, and data collection is still ongoing. Also, as I was
assessing alien plant distribution at a large scale, (i.e. the watershed), I felt that this data
was appropriate for this purpose (see Nel ez al. 2004, for a discussion on this dataset). I
rescaled the current distribution of species to quaternary watersheds. Coverage’s for
quarter-degree squares (QDS) and watersheds were overlaid in a geographic information
system (GIS), and I listed all species currently occurring in each watershed by
overlapping species distribution from SAPIA at the QDS scale and watershed boundaries.
4A1. | selected records of species considered to be major invaders as defined by Nel ef al.
(2004). These were widespread alien plant species or invaders that occur in dense stands.
I decided to focus on the major invaders for the purposes of predicting the potential
distribution of “transformer species” (terminology following Richardson ez al. 2000).
4A2. Alien plants were categorized into riparian or landscape species depending on the
type of habitat they invade. I considered species riparian or landscape if more than 75 %
of their records from SAPIA fell into the respective category. If <75 % the records fell
into either riparian or landscape category, then [ designated the species an invader of both
riparian and landscape habitats. I was primarily interested in "riparian” and "riparian and
landscape" invaders, given that my main interest was in species with propagules that can
be dispersed along rivers. I considered landscape invaders if they had a high probability
of invading up the catena into the drier upland areas, once having established along the
riparian zones.

4A3. For each zone I summed the number of watersheds that the major species occurred
in based on the current species distribution (Table 2.2). For species already in the KNP, 1
used the KNP alien plant list (Foxcroft er al. 2003, appendix 2.3) as the best available
plant list.

4B1. I used the number of invasive alien species (species richness) in the watersheds to
quantify the potential risk that each watershed poses to the lower river reaches. The best
measure for this would be the abundance of species in the watersheds, but I did not have
this data available. My rationale was that the higher the alien species richness in a
watershed, the more likely the watershed could act as a source of propagules to initiate an

invasion downstream.
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4B2. 1 assessed the number of watersheds each major invader could potentially invade.
Assessing the potential distribution of invasive species can be problematic because
invasive species are seldom in equilibrium with the environment (Rouget et al. 2004,
Jimenez-Valverde & Lobo 2006). Nevertheless, climatic envelope modelling provides a
useful tool to assess potential distribution of a species. [ rescaled the potential
distribution of species to quaternary watersheds. Using existing models for predicting the
potential distribution of invasive plants in South Africa (Rouget ef al. 2004) I determined
the potential distribution of the 79 major invaders with a variant of climatic envelope
models (CEMs) based on the Mahalanobis distance. To further explain and determine the
potential distribution of the species in the watersheds, I derived potential species richness
for all alien species. This was done by determining whether a potential invader could
invade a given watershed. After evaluating the distribution maps for a number of species,
I decided to use a 10 % rule to determine whether the species would fall into a particular
watershed. Where the species was observed to potentially invade >10 % of the area of
the watershed, the species was recorded as present in that watershed (Rouget et al. 2004).
I was then able to assess potential species richness per watershed and the number of

watersheds invaded by each species.

Table 2.2: Species richness of major invaders (i.e., widespread alien plant species or
invaders that occur in dense stands) for each of the three alien plant management zones in
Kruger National Park (KNP).

Zone Distribution” KNP presence®
Yes No
Within KNP* Localized 41 -
Widespread 5 -
Transition® Localized 25 17
Widespread 17 0
Upper basin® Localized 25 17
Widespread 18 5

* Localized if the species occurred in < 50% of the watersheds within the particular zone.

® The number of species recorded in KNP according to Foxcroft et al. (2003).

€ «Within KNP’ refers to the zone that is included within KNP

D “Transition’ refers to the zone where the KNP boundary falls within the particular watershed

E 19 powe 4 3 e »
Upper basin’ refers to the uppermost watersheds in the river system, bounded by the top of the tertiary

watershed.
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Results

Species risk category

I recorded 231 species in the domain: 191 species in the upper basin, 165 in the
transitional zone, and 97 in KNP. Seventy-nine species were major invaders. Seventy-
two, 66, and 45 species occurred in each zone respectively.

Within KNP (Table 2.2) most species were still localized (e.g., giant reed, Arundo
donax L. and bugweed, Solanum mauritianum Scop.), and a small number were
widespread (e.g., lantana, Lantana camara L. and castor-oil plant, Ricinus communis L.).
Of the 79 major invasive species, 45 occurred in KNP. In the transition zone only 17
species were not recorded in KNP (e.g., black wattle, dcacia mearnsii De Wild.),
whereas 42 species were present. A similar pattern held for the upper basin, with only 22

species not yet in KNP and 43 species present in KNP.

Watershed risk index

The high species richness in the upper basin (192 species) represented a substantial
source of invasion for KNP (Fig. 2.3a). The invasion of the upper basin and transitional
zone appeared to be substantially worse than in KNP, but with pathways of spread linking
these areas with KNP (Fig. 2.3a, b & c¢). There are two main pathways of spread into
KNP. In the central part of the domain the Letaba and Olifants river systems provide the
links, and in the southern parts the links are provided by the Sabie and Crocodile rivers.
In the northern part of the domain, the link between the upper catchments and KNP via
the Luvuvhu and Limpopo rivers appears to form a less important conduit (Fig. 2.3b &
¢). City and town development, commercial plantation forestry, and the associated
transformation of natural vegetation appear to have taken place later in comparison with
the more developed southern region. Also, the region through which the Limpopo and
Luvuvhu rivers flow is more arid than farther south; thus, the invasion is still at an early
stage and less pronounced. However, the distribution of major riparian weeds (Fig. 2.3c)
along the corridor suggests that some species have the ability to overcome these
potentially limiting barriers and become just as important in linking KNP to the upper

basin.
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The predicted species distribution map (Fig. 2.3d) indicates the ability of major
riparian species to spread across KNP should they be transported down the rivers. This
distribution also places the likely source for propagules closer to KNP.

In the linear regression between mean annual runoff and species richness, I found
a significant (P=5.045¢-008) but relatively weak correlation (multiple R? = 0.2217)
between riparian species richness and mean annual runoff, Therefore, although there is a
significant relationship, the relatively weak correlation cannot simply be used as a
predictor of plant invasion along rivers for management purposes.

Based on my assessment, the following management recommendations can be
made. Species localized in the upper basin and transitional zone, but are not yet present
in KNP, should be targeted for eradication. This includes for example, pom pom weed
(Campuloclinium macrocephalum [Less.] DC.), inkberry (Cestrum laevigatum Schlehtd),
and pepper tree (Schinus molle L).

Species widespread in the upper zone and only occurring occasionally in the
transition zone and not yet recorded in KNP, such as black wattle, should be eradicated
immediately when detected in KNP, contained where it occurs in the transitional zone
and managed at acceptable levels in the upper zone.

Within the KNP, widespread species, such as lantana and castor-oil plant should
be managed at acceptable tolerable levels. Localized species such as parthenium
(Parthenium hysterophorus 1.) and giant reed must at minimum be contained in the
present sites, and eradicated where feasible. This will mainly depend on the area of the
invasion of the specific species. Chromolaena might also be considered in this context,
but the species level assessment of the framework categorizes chromolaena as a major

invader, warranting ‘species specific’ targeted action.
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Discussion

Protected areas are influenced substantially by threats beyond their borders, and
traditional management strategies are usually ineffective. The complicated land-use
pattern and enormity of problems surrounding protected areas result in plans that are
unsustainable and inefficient in the long term. Some management plans for invasive
species focus on one or a few species considered particularly threatening, neglecting a
suite of other species and the fact that controlled species are likely to replace other alien
plants. The framework I propose provides an objective tool for overcoming these
problems, organizing the evaluation of both species and areas of concern, and providing
managers with objectively defined priorities. This is a first assessment and should be
followed up periodically to determine changes in species’ distribution and abundance,
and as management progresses through the control operations. The whole process
requires ongoing monitoring and adaptation to changing conditions, as is currently
applied in KNP’s strategic adaptive management process (Freitag-Ronaldson & Foxcroft
2003, appendix 1.3).

Applying the framework to the KNP illustrated its benefits. The KNP is a very
large conservation area (one of the largest in Africa). Nonetheless the topography, land-
use, and abundance of invasive plant species outside the park make it essential to
consider areas upstream from the park when formulating long-term management plans.
Although it is accepted that there were many alien plant species surrounding the park and
that these pose a threat to biodiversity conservation, no detailed evaluation of
management priorities in areas surrounding KNP has ever been made. Management
activities have focused only on dealing with species currently perceived as serious
invaders. A small buffer zone adjacent to KNP has been included in some management
operations in the past - this being the only example of working beyond the KNP
boundaries. This focus is inadequate because the threats posed by the distribution of
alien plant species in the broader watershed areas are not considered. The transition zone
requires substantially more attention to lessen the effects of future invasions. For
example, 17 species not yet recorded in KNP are still localized and should be targeted for

management. Twenty-two invasive species that occur in the upper basin are not yet
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present KNP. Seventeen of these 22 are localized, and all efforts should be made by the
provincial authorities to target these species.

River corridors provide links between the heavily invaded upper basin and the
largely un-invaded lower reaches of the watershed. These corridors facilitate the spread
of invasive species throughout KNP and warrant targeted and specific action. The
riparian areas are also reasonably well delineated, requiring only a narrow zone parallel
to the river to be considered in clearing efforts, providing species have not yet moved into
the broader landscape. However, where the plants have already spread into the broader
landscape, the assessment of plant distribution in the quaternary watershed provides good
management unit boundaries for plant control operations.

What does the framework provide beyond traditional approaches to invasive
species management? First, the framework assists in objective prioritization of species
and areas, based on the current and future potential threat of invasion. This means
planning is based on invasiveness, rather than according to frequently used criteria such
as resources, funding, and logistical considerations. Second, separating the area- and
species-led approaches is often based on managerial bias, experience, and knowledge of
species and systems because the approaches are seen as mutually exclusive. I see the two
aspects as complementary and integrated. Finally, the framework guides the assessment
of management priorities in a logical and structured way and provides insights into the
problems and solutions to managing alien plant invasions in a large landscape, in a clear,

meaningful manner.
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Depending on the scale and extent at which spatial data on alien plant invasions
are evaluated, substantially ditferenl perspectives are pmined; this has imphcations for
understanding ecological processes, for management applications, and for defining
elfeclive monitering strategies. Quarter-degree prids and quaternary watersheds are most
usetul at a regional or natenal scale. Grd cells of | e 2 km in size are sencrally usetul
for puiding priorities and planning management interventions, Fine scale data are usetul
for management areas which are small in extent, but provide good detall with which ro

assess partertis and rates of nvasion,
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Introduction

The nemative impacts of bislovical invasions are among the foremost concerns facing,
consceryauon managers (Mooney ¢f of. 2003). In an effort to provide strategic direction to
management interventions, much emphasis is placed on the collection of spatial data
{Ewel ef wi. 1999, Willenbere & Cock 2005, Huline 2003, Dark 2004, Guizsan & Thuiller
2005). Unfortunately. in many cases insufficient attention is given to how the data 15 w
be used (Pysek & Hulme 2005). The resold is that the spatial resolution and scale of data
collection may be mappropriate tor particular uses,

Although plant ecologists have recognized the importance of sampling scale in
their descriptions of dispersal or specics distnibutlons (Wiens 19893, with much attention
being paid to scale in understanding rarity (Hartley & Kunin 2003). invading plants pose
further complexily,  onseguentty, far less allention has been given Lo scale issues in
understanding invasiveness {but see Higgins, Richardson & Cowling 1996,

Invasions (range expansion) are ih many respects the opposite of rarily (range
contraction; Van Kleunen & Richardson 2007).  Considerabte insights for aliocating
comservation priovities have cmerged ftoom studics of seale dependency of ranly and
extinction risk (Hartley & Kunin 2003} Nimilar insights are needed for managing
invasive spocics, where management options depetsd on various leaiures in the range
structure, some of which may only be detecied al a cerlaim grain.

[t may b argued that the reason invasions pose additional lavers of complexity to
understanding spatial pallerns is that most alien plants arc sUll in the process ol spreading
and have not sampled the full range of availabic habitats (Rouget er of. 2004, Wilson f
e, 20077, Few studies have studicd the processes and patterns of invasion from the iniLial
founder population to the point where all available, suscepiible habitats have been
sampled (Pvsek & Vulme 2003). Further, only 0% of studies focus on the injtial stages
of dispersal while the remainder focus on widespread and advanced invasions (Puth &
Post 2005). Invading plants also have spatial and temporal dynamics that are difficubt w
predict (Pyick & Hulme 20035), fregquently cxpanding their disttibution from extremely
low nuimbers af source populations, often through rare dispersal events (Puth & Post
2605) However, the ability to predict ecolosical phenomena such as patterns of alien

plant distribution, and thus infer ecological processes (Turner 198%), depends on the
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relationship between spavial and temporal scales of varation (Wiens [989). With an
increase in spatial scale, the time scale at which important processes operate is slower,
time lags increase, and indirect effects become increasingly important.  Further,
understanding patterns of invasions is also a lunction of both the extent and grain of the
investigation (Wiens |98%9). bxtent refers to the overall arga of the investigation, while
vrain relers to the individual units ol observation (erid celis; Turnce ef of, 1989),
Thetctore, the variows components of the scale (time, extent and grain) of the
investigation determine the range of patterns that detected and the explanations provided.

Studics on biological invasions thal integrate across different scales are rare
{(Pyiek & llulme 2005) because of the difficulty of collecting sufficient data over a
sutbiciently [arge arca. and 1o caplure intrequent, long-distance dispersal events, with
which to explore these problems (see also Richardson, Rouget & Rejmanek 20004).
Invasive species ratcly disperse across the landscape i a continuous front (PySck &
Hulme 2003}, and cpporiunistic dispersal events. or secondary invasion foci are
frequently disproportionally mmportant in driving spatial expansion (Chapter 6). It
distributions are mapped uat fine grain, such small outlving patches. which may be
important invasion toci, can potentially be identified, whergas at a coarse grain such
crucial resolution is lost {Wiens 1989, Rouget & Richardson 2003).  Although much
intormation is available at ditterent spatial scales. there is no obyious way for insights to
be readily transferred [Fom one spatial scale to another. Consequently, such collections
of intormation are of limited use to managers. planners and policy makers (Rouget &
Richardson 2003, Bamctt ef af. 20007,

Unfortunately there arc few arcas which lend themselves to assessing plant
invasions at multiple spatial scales. This is because most systems are fragmented, with
connplicated patterns of anthropogenic influcnce which substantially mcerease the
complexity of understanding invasions through aftecting the distribution patterns of
plants.  ‘Therefore [arge protected areas provide a useful arena in which to lest the
problem of scale generally (lurner of &f, 19893, and i understanding invasions { Vitousck
ef al. 1996). However, tew argas have been suitably mapped at a sufficiently fine grain,
over a large extent. | thus propose that this paper is uniquely positioned o explore the

pattem and scale issues of invasive alien plants, lor 4 number of reasons. | use a dataset
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[rom the Kruger National Park (KNP one o the largest rational parks in the world that
is actively managed for biodiversity conscrvauon, and for which T have a spanally
explicit datasct for nearly 27.000 alien plant records over an arca of nearly 20,000 km®, |
believe that combining this data. with the setting and inherent attributes of KNP, provided
me with an excellent opportunity w explore these issues. | suggest that only by caretul ly
assessing spatial patterns of plant invasion at scales ranging from a plot to the landscape
and 1o the region can we understand the full range of processes that interacl w stouciune
the distribution of invading plants (Rouget & Richardson 2003, Richardson, Rouget &
Rejminek 20043, Further, effective management of plant invasions demands sccurate
spatial data on the overall distribution within an area, the patlems of prescnce/absence
and abundance across the areg. and the co-occurrence with other invasive species. Such
information 15 cracial [or planning management inleoventions, selling realistic largets,
and to moniter the saecess of contrel operations,

My anms woere therclore 10 asscess the mplications of scale in developing an
understanding of the distribution of LAPs (lnvasive alien plants). to |) propose important
features of scake that need lorethought in colleeting and managing invasive alien plant
dara for holistic management interventions. and 23 assess whether | could determine Lhe

mirimun orain of data that is reguired o fallil the above requirements.

Materials and Methods

Study area and priovify species

Protected areas are habitat islands: natural famdscapes and habitats surmounded by vanious
cuiturally modified syvstems (Pickett & Fhompson 1979). KNP (Fig. 2.1a), while a large
protected arca. is thus Junctionally a habnat island. KNP also shares the increasing
alobal concermns over invasive alien species (IAS, Rejmanek ef of. 20085), (o the point
where TAS are now regarded as one of the greatest threats to the biodiversity of the park
(Freitug-Ronaldson & Foxcroft 2003, appendix 1.3). A number of pathways of plant
invasion have been described in detail [or KNP specifically, including rivers (Chapter 2)
and intentional  introductions  for  ormamentation 0 staff villages  and  tourist
accommuodation (Chapter 4). In other protecied areas, vehictes { Lonsdale & Lang 1994

and roads (Bennet 199, Gelbard & Belnap 2003) have also been shown to be imporant
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pathways of invasion. Both are imphicated 0 the spread of invasive species in KNP
{ Freitag-Ronaldson & Foxeroft 2003, appendix 1.3) but have not been studied in deail.

KNP is stwated in the mid-reaches ol seven exlensive drainage systems (namely
the Limpopo. Luvavbu. Shingwedzi, Letaba, Olifants, Sabie. Crocodile Rivers), Howing
{rom the higher 1ving reaches in the west. to Morambigue in the east. Al the watersheds
are invaded lo spme extent, with 192 invasive alicn plant specics being recorded in the
upper watersheds of KNP {Chapter 2). To date 372 alien plant specics have been
recorded in KNP (Foxcroft e @f. 2003, appendix 2.3), including ornamental aliens.
ruderal species and widespread nvasive aliens.

White management has ¢volved and priorities have changed over time {see
Foxcroft & Freitwg-Ronaldson 2007, appendix 1.9, for a svnopsis), recent efforts have
focusced on chemical and later biological control ol Opuntia sivicta (Haw.) Haw, var.
ditlenii (Ker Gawl ) L. D. Benson (Cacloceae: sour prickly pear), mechanical/chemcal
control of riparian species (such as Lowtang comara 1., Verbenaceae: common lantana).
and removal o oramental alien plants inostafl and tourist villages.  Although zood
progress has been made, if KNP is to be suecessful in the long-term. a more holistic,
proactive approach is required, Hopelstly, the sentiments embodied in the objectives that
have been developed for KNP {KNP 2005, appendix 1.5), and which include best practice
theory {(Witlenberg & Cock 2005) and ecological understanding (such as gained fiom

these insights), will provide a framework to achieve this.

Data colfection

Adien plant records and distribution data have accumulated over a fong period and from
several different sources. The first seven records of alien planls in KNP were made in
1937 (Obermeijer 1937),  Although carly records were accompanied by general
descriptions of loucalities. the advent of increasinely accurate Global Posilioning Systems
(GPS) has led to increasingly precise locality data. The three main sources of data are;
(1) the records of the KNP alien biota section (Fig. 3.1bh): {2} a species-specific {Opunfia
stricta) duta setl (Fig. 3.1e): and (3 a large set of locality-precise data collected by park
rangers on their patrods (OT: Fig. 3.1d and Table 3.0 The data frem the KNP alicn hiota

section comprise mainly ad Aoc records collected during various tield wips and from
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herbarivm and other records.  Fhe species-specibic distnibution data on €2 stricta was
collected over the entire range of that species tin KNP, 1o guide management strategics
(Foxcroft er @f. 2007a.y) and tor rescarch on the spread dynamics of the species (Chapter

&), The CyberTracker sysiem isee hupifwww ovbertrucker.org]l was developed for

application in conservation management. as a user-inendly interface for PalmOS
computers linked tw GPY units (see also IPietro e af 2002, MeNaught et af 2006). The
swstem allows personngl (including semi-literate field workers) to record customized
observations with GPS co-ordinates. The potenual vse of the CyberTracker system [or
collecting ecolopical data in KNP was recognized in 2000 and the svstem was
incorporated intoy KNP procedures [or tesiing and [urther development. Lp to (20
Cvberlracker units are currently deploved on daily  patrols  across the KNP,
Ohservations, including animal and plant sightings, water and {ire managemeni records
and uther types ol daa are recorded on cach patrol. Ranpers then email daia liles to the
central KNP Geographic Information Systems (GIS) Lab where the data are collated.
cleaned, summarized and made accessible to vsers. The KNP CyberTracker duta
currently comprises over 1.9 million records collected between 2004 and 2006. Almost
the entire KNP has been sampled at least once, with priority areas {(in terms ol rangers

patrol requircments) being sampled much more often (Fig. 3.2),
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Fable 3.1: Sources of ulicn plant disuribution data for the Kruger National Park

Source Number of Number of Years Data type  Method of callection

database  records alien species  covered

KNP 1982 (pres) ] 2004-2006 P/A GPS/Palm (CyberTracker);

CyberTracker 1965910 (abs) ranger patrols

Opuntia 19849 I 2000-2003 P GPSPalm (CyberTracker): GPS

siricta records manually captured.
Systematic survey, desenbed in
Foxerolt ef al. (2004)

General 1AS - 4118 1627 1974-2003 P GiPS records manually caplured.

Ad hoe data Froae KNP alien
biota seetion, herbarium,
rangers, ficld guides, Some of
this data is deseribed in Foxcroli
ef ul (2003)

" includes sume “spp” records, Tor example “Opuntia spp.”

Pyata type - whether data includes presence and absence points or presence records only

FOXCROFT. 2007 PATTERN AND PROCLSS O ALIEN PLANT INVASION.
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Tuble 3.2: Summary of auributes per grid cell size. There are a total of 26.949 alien plant records und 1,965,910 absence points for
the KNP,

Cell size Cell area Total %% of cells %o cells Mean (Max)  StdDey Mean
(k) ' (km’) number of  invaded occupied by species species number
cells in KNP 4 main richness / richness /'  records /
species’ cell cell cell (inel.
s S L s absence
0.1 0.01 1904673 041 033 0.005 (23) 008 1.03
0.25 0.06 36222 1.35 0.99 002 (23) 02 5.20
0.5 38 77162 311 2.00 .04 (23) .3 2548
I | 19602 718 412 .11424) 0.7 100 29
2 1 5053 16.03 841 04031 | 4 JRV.06
- 3 25 872 41.97 2007 1.5 t49) 38 225448
QW ave 551 44 91.84 £1.63 12.8(71) 134 1826376
) QDS o 675 51 S0 20 7288 11472 13 3035 86

'Cell size- indicates the Tength of the cell side. for cxampte 1% 1 km

“QW- Quaternary watershed (qualernary watersheds are nested subdivisions within primary. secondary, and wertiary walersheds and
are used [or regionol=scale planning tor many environmental iniliatives in South Alrica, such us the nalional Working tor Water
programme which is respansible for invasive alicn plant control. The average size of the QW in the KNP is 5351 km™ (Chaprer 2)
"QDS- Quarter-degree square (15 latitude = 1§ longitude, representing roughly 25 * 27 km at the latitude of the study area, Rouget er
al, 2004)

"The four most abundant specics (number of records) in the KNP include Opustia sevicta (20029 records), Lantana camara (2059
records), Chromolaena odorata (302 records) and Purtheninm hysterophorus (204 records),

FOXCROEFT, 2007, PATTERN AND PROCESS OF ALIEN PLANT INY ASION, 4
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Figure 3.1: Sources ol alien plant distribution datag (a) in relation w KNP ofrastructure and vivers, (B) KNP alien bioia section alien
plant distribution data, (¢} Cymenic strieca distribution data, and (d) alien plant distribotion data trom the CyberFracker programme.
The insert places KNP in relation to the test of South Advica.
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Fecords!Cell (3.5 km):
u}
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Figure 3.2: Dstribution of KNI Cyber Pracker data plotted as records £ (15 x (15 kin cell.
This data is collected by KNP rangers. on aspeets such as waler, fire and poaching
manieenent (amongst others), and are used as absence (null) records tor asscssing alien
plant distribution, “The insert shows a detajied view of the poind records,

The combined alicn plant distribution data amounts to 26949 records (Table 3.1).
Although the data includes 182 species. 7tMq of the records are for a single specics,
Opuntia stricta, which was systematically collected for a specific purpose (Chapter 6).
‘The earliest records with detailed locality data date lrom (974 (Safvinia molesta DS,

Mitch., Salvintaceae, Kariba Weed), while most of the data was collected (rom 2000
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omwards.  With the use of the Cyber[racker programme (with integrated GPS units)
being widely used, the arca surveyed has substantially increased. At a fine grain (for
example. in cells of 0.1 x (L1 km) there is an average of 1.03 records (null records for
alien plants) per watershed ov cells (able 3.2} At the coarser scale (25 x 27 kmij there
are up 1o 39,900 records per cell {null records for alien plants; Table 3.2).

The four most abundant specics were Opwinia siricta, Lantana camara 1.
Chromolaena odorata () RM. King & 11 Reob (Asteraceae. chromolaena) and
Parthenium Ipsterophorus L. (Asteraceae, parthenium) (Fig. 3.3a—d). These four species
alone accounted for 81% of the occupied cells at the largest cell size [ used {551 km?),
artd (1.33% of the cells occupied at the &1 = G Broceel] siec (Table 3.2).

A limitation of all three datasets is that not all alien plant species are equally
represented or equally well surveved. For example, the CyberTracker has extromely
accurate and comprehensive data for a fow specics, whereas the €2 srricfa data focuses on
one spoecics which s mapped 0 detadl (e mdividual plants and discrele patches, sce
Chapter 63. The data from the alien biota section includes many species, but with few
records for most species. The data do not include any measure of abundancc for cach
locality {althoush some mcasures of abundance can be inforred trom the density of
observations. with the caveat that some species are more conspicuous than others),
Despite these limitations. | know of no other datasct with records for as many species
with such a fine resolution over such an extensive area for any protected area in the
world.

Although there has been a large long-temm management programme (Foxcroft &
Ireitag-Ronaldson 2007, appendix 1.9). no populations of alien plants are known to have
been eradicated. In the best-case scenarin. some alien plant populations have been
reduced in abundance J deasity. T am therctore confdent that the data is representative of
the real sitwation in KNP and that ongoing clearing programmes have not had a

substantial itlluence on Lhe distoibution patterns.
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Figure 3.3: The distribution of the four most abundant alien plant species in KNP; {a) Opuntia siricia, (b) Lamtana camara, (¢)
Chromolaena odorata, and (d) Parthenium hysierophoras.
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Mapping alicn planss ar mudtiple spatial scales

As | was interested in understanding perspectives of alien plant invasions at various
scales and making recommendations for management and monitoring, | mapped the alien
plant species distribution at nine difierent levels of prain tTable 3.2). This raneed from
point locality data, to 1 x 1 km geid cell resolution. to the quarter-degree grid reference
system (approximately 25 x 27 km at the latitude of KNP)Y which is commonly used for
survey dals in South Afnica {for examples relatng o nvasive plants, sec Henderson
1998, §1999, Rouget ef af. 2004, Chapter 2) and the quatemary watershed {fourth level
category in South Alrica’s river basin classification system).

All spatial analyses were carried nut using ARC GIS or Areview 3.2, Grids of
various resolutions were prepared (in grid and polygon tonmat) and cach cell was
provided with a unique identitier value. For cach of these grids | determined the alien
plant species richness and the number of records per cell and then senerated maps at the
various resolutions. | also assessed the extent to which the “absence™ data (from the full
Cvberlracker dataset) was distributed across KNP in order to assess survey bias and
sampling effieet. The CvberTracker dataset is the only dataset for which true ahsence
pomts can be inferred, bocause for cach fealure (animal sighting, water point and fire
scars, amongst others) a GPS point is recorded. and | assume that if an alien plant had
been present at that particular point, 1 would have been recorded (for the cizhr specics

that are the focus of the Cyvber 'racker data collection).

Appiying read data to scale threary

The suceessful application of ceological theory 10 management practice {including
monitoring} demands an ooderstanding of the linkages among different ecological scales
{Wicns 1989, O°Neill ef af. 1991). Howcever, ecologists still struggle 10 understand thesc
linkages. let alone transfer this knowledge to practice (hdwards ef @f. 2002, Rouget &
Richardson 20033, To gain insight inte this problem, 1 applied my data, which | assessed
at nine different scales, to the hicrarchical patch dynamic madel of Kotliar & Wiens
(19900, This model was developed to provide a lramuework for classitving patch structure
across o range of scales. Although the model was explored using toraging theory as an

cxample, 1t is abstract cnoush so that the principles can be applied o other areus ot
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ceology, [ randomiy selected one gquaternany walershed with high alien species richness
and vne quaternaey walershed with low species nehness, with which o contrast msichis
vained from assessing the dilfferent scales. Within cach of these unis one cell at a finer
scale was sclected, for both high and low species richness respectively, b then discuss the
implications for understanding ecological processes in the invasion process. managing

att muonitoring plant invasions,

Results

Mapping alicn plants ar maitiple spatiaf scales

A frequency distribution diagram {Fig. 3.4ua—h) provides interesting insight into the
paltern of species richness por cell. The quarter-degree cell and quaternary wialershed
scale (FFig, 3.4a and b), not surprisingty, show similar (normal} distribution patterns, as
they are similar in extent (675 km” and 551 km’. respectively). However, it is important
w note that although the guaternary walershed scale wvaries slightly, it s more
ceologically meaningiul when considering functions related o rivers or riparian
corridors, The Sx Skmcell. 2 x 2 km cell and | x | km cell (Fig. 3.4¢—c) have similar
shape distribution enrves. whiic cells at the (13 x 0.3 ko, .23 x 623 km, and 0.1 x (11
ki resolution (Fig, 3.4f-h) have similar patterns, 1 thus inder that similar insights into
understanding alien plant patterns may be guined from working at three broadiy similar
units, namely, 300 700 km'. 1 23 km” and 0.01 0.25 kin (Table 3.2).

The range of cell sizes | selecled corresponds to a substantial difference in the
tumber of cells across the KNP, For example, atthe (1 x 0.1 km cell stee, there are 1,9
million cells in KNP, while there are only 51 cells al the scale of quarter-degree orid cells
{Table 3.2). This corresponds to a range of U.4% and %0% of the cells being invaded,

respectively, substantially altering the perceived tevel of invasion across the landscape.
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The CyberTracker database presents an unparalleled spatial dataset, covering an
exlensive area, The tull richness of the dataset will only emerge over Ume as Lhe date s
ueapiored trom a number of perspectves. | oused the [ull dataset to represent absence
(mukly records Jor alien plants and 1o show whether there were any areas that had been
substantially under- or over-surveved, While there is an average of 39000 records [or
the (205 scale. more importantly, there 15 a mean ol 103 records per ecl] Tor the 0.1 x 0.1
kin cell size (Table 3.2, This indicates that at the finest scale of resolution lor which |
evatuated alien plant richness data, that almost every coell was vistled at Teast once.

[ plotted the alien plant species richness for cach cell size i arder to assess the
spanal patterns (Fig. 3.5=3.7), Although the pattern of invasion ts similar across the 0.1
tor 1.3 km seales (Fig, 3.5a-¢), this dilfers substantially from those ot | -5 km {Fig, 3.6a -
¢), altering the perceived level of imvasion in KNP. ‘Fhe level of invasion suggested by
two vastly different scales, for cxample, 0.1 x 0.1 ke cells {Fig, 3.3ab and 3 x 5 km cells
(Fig, 3.6c) would leave the reader with the impression that the southern KNP 15 either
hardly, or severely invaded. The loss of resolution is also clear as Lthe size of the cells
ingrease, loosie crucial infortmation about specific outlving populations,  Consider for
example, the straight line of records runming north-south im the south castern KNP, where
in Fig, 3.3a—c (0.1 1o 0.5 km cells), the distribution of the patches s clearly distinguished.
bt commpletely Testin Fio 360 ¢ {1 to 3 km cells).

Working at a scale of a guaremary watershed or quarter-degree cell (Fig. 3.7a-b)
substantuadly alered perceptions ol the level of invasion o the KINE, althoush the shape
ol the watersheds provides some insights into which river systems or catchments are
priveily arcas senceally.,  Howeser, comparing the gatterns in Prg 3.7¢ und Fig, 3.54

clearly shows that much information is lost about the detajled nature ol the invasion.
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Figure 3.5 Alien plant richness data, for the southern Kruger National Park, at (a) 0.1 x 0.1 ko scale. (b) 0.25 x 0.25 km scade and {c¢)
0.5 x 0.5 hm scale. The inserts provide a more delailed view of the data fir each scale.
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Figure 3.6: Alien plant richness data, for the southern Kruger National Park. ac (a) | x 1 km scale, (b) 2 x 2 km scalc and ¢) 5 x 3 km
seale,
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Figure 3.7: Alien plant richness data for the Kroger Mational Park, at (a) the quaternary
watershed scale, and (b the quarter-degree cell scale.

FOXCROLIT, 2007, PATTERIN AND PROCESS OF ALIEN PLANT INYASION. 1



CHATTER 3 PATTERNS OF PLANT INVASION AT MUIL TIPLL. SCALTS

Applring real dact fo seale theary
By applying my alien ptant distribution data 1o ecological theory (Kotiiar & Wiens |990),
n which the vanouws levels of gram are nested within each other (Fig. 3.8 and 3.9} 1
ganed msights for three important aspeces of plant invasions: ceolswicsl understanding,
monttoring and management (Table 3.3 As each cel) is sequentially examined at a finer
scale, nested within the nexn, the vselulness of the particular scale Tor any ol the three
components (ecoloay, monitoring and management) emerges,  The management and
ceolopieal usctulness of cach scale are wsually opposite. Coarser scales are generally
maore useful tor directing management interveneions (Table 3.3, level a and b). and finer
scales more uselul [or research inlo aspects such as examining piant distribution patterns
and predictive distribution modelling. where features of the environment can be closely
related to the disteibution patterns of the planis { [able 3.3, level e and ). However, due
care is also required here. In Fig, 3.9, 1 selected a quaternary walershed with low species
richness, itndicating that although present in low numbers, the entire watershed appears
imvaded to some degree, However, at a loner devel ol resolution (Fiz. 3.9¢) 1L is evident
that there are very low numbers of plant records, which define the caregory for the entiee
watershed al a coarser level

Leterminitig the scale at which monitoring— referred to here as the ability 1o
detect changes in species distribution amed species densityfabundance over time— shouhd
take place is more ditficult and relates to the extent of the arca. At the extent of KNP,
aseneral chanees in density can be detected at conrser scales (Table 3.3, level a and b, bur
it ig unlikely thal good information can be gained for changes in species distribution at
these scales. o areas ot smaller extent, surveving at fine resolution will provide detailed

insight into both changes m abundance and distribution.
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High species richness

Figure 3.8: Atien plant richiness data from Kruger Nationat Park, applied to the
hicrarchical patch dvnamic principle of Kothar & Wicns (19907, The letters at cach scale
of resolution cross-reference o Lable 3.3 The dows in (dy and (e} are individual alien
plant records.
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Low species richness

Figure 3.9 Alien plant datu from the Kruger National Park appiied to the hierarchical
patch dvnamic principte of Kothiar & Wiens (1990}, The dots in {d) and (g) are
individuad alien plant records.
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Discussinn
The spatial scales at which dala on alien plant invasions are assessed clearly affect the
porceptions and msights that can be gleaned (Wiens 1989, The criin {cell size} also
substantiatly alters the overall perceived level of invasion across an area. where tor
example, | show the southern KNP to be highly invaded when assessed at a quaternary
watershed bevel, while the (01 x 001 ki seale indhcates the real patlern of the nvasion,
oth a quarter-degree orid system and tertiary watershed scale provide a distorted
dassessment of imvasion levels when used al an extent of the KNP Towever, when
cotisidered natonally (.. Rouget o of. 2004) or regionalty {c.g. Chapter 2) these scales
arg useful in broadly guiding management, and perhaps monitoring, activities. The
gquaterpary watershed 15 probably alse osclul as a scale at which species Hsts cuan be
compiled. and used in broad scate risk and priovity assessment. The .t x 0.1 km and
0.23 x 0.25 km secales are most uselul for ecological studies, and where the overall extent
i5 limited, for example a small nature reserve. cap probably be used lor planning
management inferventions and menitoring programmes.  However, as Barnmell er af.
{2007) point out. the real bencfit of mapping will only be reaiised when combined with
plot-based techniques; an issue which is beimg explored by KNP,

Up-scaling diffuses abundance and distobation palicras, resulting o scattered
patchy distribution pattems becoming continuous blocks of invaded areas. Similarly,
cven al 1ine svales, ¢ells with a single record have the same eftect. However, having data
availabte at a line resclution (point data) allows up-scaling {1'y3ek & Hutme 2003), which
may be uselul when comparing to other data which was collected al a coarser reselution
{for example. remote sensing data: Ldwards e of. 2007).

Although aot atl spocies received the same level of elfort in mapping. assessing
the distribution of the mest abundant species provides interesting insights, or example,
when assessed al a [ine scale. the disinbution of O sirfcfa can be clearly related 1o the
Skukuza village. and insights into the invasion process gained (Chaprer 6). Partheninm
hysteraphorus can be clearly associated with roads al a fine scale, bul the strength of this
assueiation 15 lust al cearser scales. which 15 crocial for understanding invasions, The

same assuciation is ohserved between L. cemarea and rivers in KNP,
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An additional strength of the CyberTracker dataset is the large number of reconds
that may be used as absence data or null records in assessing and modelling plant
invastons,  Althoush a number of echnigues are being developed o use presence anly
data for predictive diswibution modeliing {(Robertson, Viliet & Palmer 2004 and
references therein, I'soar ef af. 2007), methods using pseudo-absence points appear (o be
more accurate than presence only maodels (Elith ez of. 2006). Thus the large number of
absence points is a distinct advantage and facilitates accurate niche-based modelling,
providing opportunilies [or accernately modelling potential specics distribution at a

specitic spatial oxtent. for example. KINP.

FOXCROFT. 2007, PATTERM AN PROCESS OF ALIEN PLANT INVASLON, a7
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CHAPEFER FOLR
ORNAMENTAL PLANTS AS INVASIVE ALTENS: PROBLEMS AND
SOLUTIONS?

Abhstrace

‘The most widespread invasive species in South Africa’s Kruger National Park (KNP)
were either introduced unimienticnal by alone nvers and roads, or intentionally Tor use as
ornamentals, | examing the spatial dimensions of ornamental alien plants in KNP.
including the distribution of foel of species richness, links between human population
size and history and specics richness, and the nestedness of Toch in terms of specias
presence. Results are used to assess whether past management actions have been
appropriately directed.

Two hundred and fifty eight alien species have been recorded in the 36 tourist
camps and staff villages., The nuinber of statt housed in villages explains much of the
diversity of culiivated alien planl species. Older camps also tend to have more cultivared
alien plant specics. However, the luck of a strong link between camp age and number of
cultivated species suggests that ornamemal plants have been widely spread around KNP
by humans, 1 also show vhat inercased camp activity (either size or age)y has lead 10 more
ornamental species, while, with the notable exception of Skukuwza, camp activity has had
a much smaller effcet on the number of non-cultivated specics. Non-cultivated spevics
tend to be naturally dispersed. as opposed to being directly spread by humans between
CAMmps.

Past management focused on species priontised on the basis of their potential to
invade KNP and prevailing national lepislation, These species wore removed manually
and follow-up control was carried out. Once the priority specics were decmed to be
under controd, less invasive species were targeted. All alicn specivs were removed from

vacated houses, regardless of the poicniial invasiveness of the species.

* Publication status: Fuxersdt, 1O, Richardson, DML, Wilson, LILU.L 2007, Omamental Planls as Invasive
Aliens: Problems and Soluions v Kruger Mational Park, Sowth Africa. Favienesmesta HWonagesend,
In press.
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CHAPTLR 4 ORNAMENT AL PLANTS AS INVASIVE ALIENS

Introduction

Alien plant invasions are a major threat to the conservation of biodiversity in many parts
ol the world {Rejmanck ef of. 2005a). They aflect nodiversity in many ways, notably by
altering nutoenl evchng and disturbance regimes (epo Yitousck 1990 Brooks ef all
2004, disrupting naturally occurring mutualisms  {lravaset & Richardson 2006}
cONSuMing excessive amounts ot water, hight and oxyvgen, donating limiting resources,
promoeting or suppressing fire and stabilizing sand or promoting crosion (Reymanek ef of
2tM03b). No areas. however isolated, are tolally spared from human-assisted introduction,
eslablishment, and proliteration of alien species (Chapler 2).  Even protected areas —
parcels of fand set aside for the conservation of natural and semi-natural ecosystems and
the processes that sustam biodiversily within them — are jnecreasingty affected by
hiological invasions, Conascquently, managing invasive specics 1s a growing challenge in
protected areas. Successiul management involves education, prevention, detection/early
warting, cradication, coatainment. and other [orms of inlervention (Wiltenberg & Cock
20010, 2005).

A targe proportion ol invasive alien species worldwide were intentionally
introduced to the arcas where they are currently invasive. and many were widely
disseminated once introduced to provide some value w humans (Ewel er af 1999, Pyiek
ef el 2002b, Williams & Cameron 2006), In the USA, more than 100 new lorculture
species (flowering or polted plants, col Nowers. and herbaceous perennials) were
introduced by amateur or protessional plant breeders in the 1ast decade alone (Anderson
et af 2006). Unlortunately, plant breeders frequently select ptants for introduetion based
on the same traits that are associated with invasion potential. such as truit production.
high germination and growth rate. and tolerance to a wide range of environmental
conditions (Anderson ef of, 2006). Therefore, it is not surprising that a large proportion
of invasive alien plants were first introduced to their adventive range for oenamental use
{Binvgeh 2001, Ruochard & White 2001, Baskin 2002, Wilenbers & Cock 20037
Species introduced intentionally appear to be quicker to naturalize and invade. at least in

Central Europe, than is the case lor accidentally introduced species (PySek er af, 2003},
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CHAPILR 4 ORNAMENTAL PLANTS AS INVASIVE ALIENS

Problems arising from invasive omamendal plants lcad to conflicts of interest
bBuetween  horticulturalists, landosners, and conservationists,  Varous niliatives o
different parts of the world aim to reduce the use of known invasive species in
horticullure - lor example, the 5L Louwis Declaration on Invasive Plant Species in Norlh

AMmMETLci {Baskin 2002, the Mew Zealand Pest Mant Accord

{hitp:fwwan biosecurily, movine/pests-diseases/plants/gecord . him).  and  the  Scotnish

Horticubiure Code of Practice (htipyasww. scotland. eov.auk/ Topics/Environmenl Wildlile

—habials tnvasiveSpecies TICOP).  In South Alrica, there 15 o cooperative agrcement

between the Nurserymen’s Association and the Working lor Water programme (the
national agency responsible for managing invasive alien plants; a part of lhe Department
of Water AfTairs and Forestry).  Althoush schemes such as these may assist in
minitnising future invasions by promoting the use of indigenous species, the problem of
omamental species used previously and which are now widety planted. remains a major
challenge for conservation binlogists,  Besides the cncouraging schemes mentioned
above, | know of no formal strategies lor dealing with the problem of invasive
ornamental plants for any major protected area,

Omamental planls are most Hkely o invade at the urbandwild land intertace,
where human habitation borders an natural vegctation.  The cultivation and tending of
plants in gardens produces high propagule pressuce (1.2, many seeds and other propagules
can spread into the surrounding natural vepetation),  This then increases the likelibood
and rate ol any particular species invading natural and semi-natural ecosystems (e
Sullivan et @f, 2004, 2005, Alston & Richardson 2006, Sullivan ef of. 2006, Milton er af,
2007).

This paper presents perspectives on invasive ornamental ptants in one of the
world’s largest areas managed primanily [or biodiversity conservation: South Africa’s
Boruger Nationat Park., [ discuss the emergence ol the problem of invasive abien
ornamental speeies in KNP the cvelution of the current approach to managing the
problem. describe and analvse o survey tor ormamenlal species, and combine the previous
experience and resultls of my work to sugpest a way forward for the control of

ornamentals in KINE, and in protected areas in general
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CHAPTERA ORNAMENTAL PLANTS AS INVASIVE ALIENS

The problem and wark conducted so far

The sty area

The Sabic Game Reserve (southern thivd of the carrent KNP) was proclaimed in 1894,
and the remaining arca was proclaimed n 1926, Most of KNP {Iig, 4.1) has therefore
heen under formal protection for 80100 vears (du Toit ¢ af 2003).  However, the
mlrastrueture in KNP has recently expanded rapidly with the growth in tourism and
consequent increase in stafl numbers (Ireitag-Ronaldson & lFoxeroft 20003, appendix 1.3,
lor example, KNP currently mamtains about 885 kin of paved roads, 1,700 km of gravel
roads open o turists, and 737 kin of gravel roads for park management (Ureitag-
Ronaldson & Foxerofl 2003, appendix 1.3).

As of 2006, about 3687 s1alt members were hoosed in KNP, Skukues. the largest
tourist village and administrative headquarters, comprises about 230 staff houses. various
recreational and sporting amenities, and living quarters for general workers, amounting to
about 2347 staff members. 1here are also five large tourist camps with between 100200
stall members each, and ghout 36 smaller camps and anger outposts most of which are
substantially smaller with fewer than 20 stalf members each (Table 4.1). Muany staff
members are involved in administrative and mainienance jobs, some of them with litile
knowledee of general conservalion issues. including the threals posed by alien plant

invasions (Foxcroft 2000103,
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Figure 4.1: I'he Kruger National Park, indicating the main tourist camps. The inset
shows the KINE in relation o the rest of South Adrvica. Species munbers reler 1o the
number ot alien species recorded per camp.  The numbers next to each symbol cross-
reference (o Lthe camps listed in Table 4.1,
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Table 4.1: Tounst camps and stafl villages in Kruger National Park. indicating the
puntber of alien species recorded therein, the date of establishment of the camp and the
number of resident seafl per camp. Camp mimbers cross-reference to Figure 4.1
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The role of villages and camps in plant invasions

The villages and camps in KNP are all Jandscaped 1o varying deerees. Llnnl recently,
landscaping typically involved the use of many alien species (VFoxcroft 20071 As was the
case elsewhere in South Afriea, despite the rich local flora, alien plant species were very
often favoured over ndizenous species lor use as ornamoentals (Richardson ef af 2003;
Fig. 4.2).

Three factors are tmportant in connection with the role of the villages/camps in
KNP as foci lor the spread of introduced plants.  These include the farge number ol
mammahan and avian sced dispersers, the proxamity ol the ourist camps and stalT
vidlapes to the rivers, and the tact that the camps are cvenly distnbuted across the entire
KNP landscape.

First, since many of the introduced ornamental species hasve eshy [ruits, the
availability of potentia! dispersal agents provides a means for effective dissemination of
propagules from the foci ereated by plantings in the villages/camps.  Although most of
the villages/camps are fenced o exclude dangerous mammals such as buftalos. elephants,
hippopotamus. hvenas, lions, leopards and rhinoceros, the fences are still permeable to
mammals that are potential dispersers ot alien plant propagules, Lven elephants gain
culry o some of the villages occastonally, and thos have access o alien plants growing
along fences around villazes, KNI also has a rich avifauna, including many species of
trupivorous birds (Sinclair & Whvee 1992) and at least three specics of frugivorous bats
{0, Zambatis pers. comm. ). Added o this is the disposal of gurden refuse and cuttimygs,
from which the ormamental plants cap cscape the demarcated dumpsites or compost
heaps.

Second, most tourist villages and camps are focated near major rivers (Table 4.1).
Rivers provide important conduits for the dispersal of alien plants in KNP (Foxeroft &
Richardson 2003, appendix 1.2 Chapter 2). Dispecsal from villages may be facihitated by
bird or animal movement between the rivers and villages, or through dumping of garden
refise i compost heaps from where plants may Jdisperse.  Dispersal may also occur
directly, through extreme {loods.  Vor exampie, the extreme ood cvent of 2000 (sce

Heriluge ef wf 2001, Parsons e wl 23, Parsons ef of 20000 inuadated about 740
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CHAPTER 4 . GRNAMENTAL PLANTS AS INVASIVE ALIENS

personnel gardens in Skukuza and large portions of other tourist camps. thereby
spreading propagules of various species.

The third important faclor m connection with the invasion of omuamentad alien
plants [fom camips and villapes 15 the disiribution of the camps themselves,  Adthough
KNP covers a large arca (300 km along its lemgest axis), the camps are distributed fairly
evenly over the areq; consegquently no natural area 35 far removed from a source of

potential invasive plants cultivated in the camps.
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Figure 4.2: Examples of alien plants used in Kroger National Park for shade,
ornamentarion and hedging. The illustrated specics arc: (a} Delosix regia (Fabaccae,
Mambovan), (b)Y Mownstera deficiosa { Araveae; delicious monslery, (o) Fhiocereus
undatus (Cactacene; night-blaoming cereus), (d) Leave atreaiata {Agavaceag: soft-
lcaved agave). (¢} Sphagncticola trilobara (Asteraccae;, Singapore daisy). ([} Brnvepindium
defagoense (Crassulaceae; mother of millions). (g} Aristolnchia clegans
(Aristatochiaceae: Dutchman's pipe), (h} fecuma stans (Biznoniaceac: vellow bells), ()
Antigonon feptopus {Polyvgonaceae: coral creeper), () Alpinia zermanhet {Zingiberaceae;
sheill ginger), (Photographs: (a) V. Mngomezulu. (c.d.h) G.R. Nichols, others: L.C.
Foxcroft).
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History and evafution of strategies for ornamental aliens

Fallowing the promuleation of the Sabie Game Reserve o 1RO, avcess W the aren now
comprising KNP was considerably Bmited. 1L may be safely assumed that the intentional
mtroduction of alien plants was thus alse hmited, 1 could find records of only two alien
plant species that were introduced before proclamation of the KNP, drmndo dosax 1.
was planted in the Phabeni Gate area twest of Skukuzd) between 1845 and 1847, and
about nine cucalvpms frees tRucalypins camphore LT, Baker) were planted at
CGomondwane (southern KNP between 1892 and 189 (Pienaar 1990).  There is no
record of cither species becoming invasive from these imtroductions, wlthough A, donar s
novy tvasive from another source of ntroduction.

Botween 1935 and 2006, the 1ssue of invasion or coutrod of ormamental alien
plants was formally raised on at least 10 occasions (Joubent [986).  This included
suguestions and recommendations from the KNP Warden, recommendations by (he
SANParks BHoard., as well as national legislation,  from which  internal KNP
policy/management plans were later derived. However, the problem steadily deteriorated
and omly in 20035, spme 70 vears alier the first objections tw the use of abien trees in
tourist  camps, did KNP manage to start reversing the problem  through  the
implementation of @ systematic management programme.

Fultrwing the realisation ol the seriousacss of the rsk posced 10 KNP ceosvstem
by many of the species recorded, and from expericnces ol species having escaped from
cuttivation in KNP already, managemoent tocused on actively removing potentiatly
invasive ornamental plants. Although support and advances have Nuetuated over the past
decade, with a notable upward trend recently, tremendous progress has been made.
Certainly. there has been o considerable reduction in the abundance ol potentially
invasive species in all staiT and tourist villages,

The mistory of efforts at managing invasive alien plants in KNP, starting in 1938,
was reviewed by Foxereft & Richardson (2003, appendix 1.2) and Freitag-Ronaldson &
Fosxcrolt {2003, appendix 1.3). Here. 1 give finther details on cfors o deal with
ornamuental atien plants in the tourist villages and camps. Management of ormamental
alien plants started in the Skokuea vilbage in the mid 1980s. This initiative was not well

supported by sl and resulied in continunus resistance from residents towards the alien
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plant control team. As a result, less effort was placed on preventalive control measures in
the village and work continued on other alien plant species that had already escaped into
Lhe surrounding areas {mainly Opiestia stricta and Lastara camara). From the early
1UB0s until the eid 1990 the alien plant control wam locused on about 30 well-known
alien plants {such as Lomiona comara and species ol Caclaceag), and allowed the use of
numerous other potential alicn spocics to continue, for example Sphagneticala tridobata
(Singapore daisy) and Afpiwia zermnber (shell ginger), Following the 1999 survey of
alien plants in the villages, KNP management approved a new policy (see appendix 1.1:
Policy / standard operating procedure regarding alien plants in the stafl villages and
wourist camps of the KNP, 4t revision), and a subslantial, coordinated peosrammme was
launched to remove the alien spectes.  Because of continuing apposition o the policy
from some residents and stall, atenlion was nilially given 1o only the most serious
invasive species, Considerable cffort was also invested in extension and education of
residents regarding the damage cagsed by invasive alien spectes. This included somge
species present in these villages and not ser invastve in South Africa bul invasive
elsewhere in the world., Despite this, problems were still experienced when scheduling
removal of established alien plants lrom cardens; especially well-established or larse
plants that formed prominent features in gardens (e g, Adpinia zerumbet [shell ginger],
Hedvehivm gardenarinm {Kalull ginger lilv], Nepfwelepis exaltata [sword tern), and
Sphagneticola trifobata |Stngapore daisy]). Consequently, more cffort was placed on
removing all alien plants from gardens that were vacated when stalf relocated.  This
approach was preferred by the management teany, as it avoided conflicts with residents
and proved a better use of resources. However, i is oo early o say whether any species
have been eradicaed from the KNP throush this programme,

Fallowing the amendments 1o the Conservation of Agricultural Resources Act

{Act 43 of 19831 (CARA; httpewwondacagric.zaidocs/actd 3/ene. litm ) in 2001, the KNP

policy was revised in order to ensure that the KNP complicd with the new national
fecislation.  According to the tevised CARA legislation. |98 alien plant species were
divided into three categories, based on their invasion potential and economic use in South
Alvica. These include ~Category | - declared weeds™ which are prohibited: *Category 2 -

declared invaders’ that are typically commercial plantation species and may only be
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vrown under permtl (hwerelore excluding the KNP and "Catcgory 3 - declared invaders”,
which may not be propagated or intentionatly disseminated, but which may be el until
they senesce (although sub-regulations require Lheir removal in some cases, ¢.g. when
planied close w streams and rivers),  [n applying the legislation in KNP, all dectared
weeds and invaders are regarded as prohibited species that require control. In the revised
KNP policy on the management of alien species, all species listed in the CARA act were
Nagged as wop-prioety species (prohibited), reguinng immediale removal from all
aardens and tourist camps. All alien plants would still, however, be removed from vacant
aardens and Lourist camps. Duoring this period, a heightened appreciation of the problem
was also obscrved (L. Foxcroft pers. obs.). The alien plant t2am was (teguently requested
by staff o clear their gardens abead of the scheduled clearing (1. Foxcroit pers, obs.).
requesting that all alien planis tincluding non-invasive omamentals) be removed, as the
residents planned o re-landscape their gardens using indigenous plants only, By 2003,
all sardens and areas surrpunding Skukuza had been clearcd at fcast once, Rewular
follow-up operations are still carried out.

In 2004 the National Environmental Management: Biodiversity Act (Act 10 of
20047 CWEMBA™Y was promulgated. This was followed by the resulations and species
Visting process in 2005-2006 (finalization of the regulations s still in progress in mid-
2007, The dralt NEMDBA regulations list 381 plant taxa, with a further list of 92 laxa
still under consideration. Invasive taxa are placed under five catcpories in the
resulations, ranging [rom those specics thal require compulsory control, W those specics
under surveilfance.

The latest version {Ver, 4) of the KNP policyy Sandard operating procedure
{appendix 1.1} on alien species management accommodates the new repulations by
mmcloding the plant fsts, and managing these as (rst priority species in KNP Most
policies and sirategies in KNI bave a life span of five years. after which a formal
management review is required.  Flowever, these policies will also be updated more
frequently in order to take account of changes in natonal palicy and legiskation as well as

advances in intermational best practice,
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Survey of the extent of the problem

F had four main aims for surveving the tourist camps, First, | wanted 1o identity the scale
and spatial spread of omamental plantings across the purk so that the size of the problem
could he assessed and control measures tarseted,  Sccond, 1 wanted to identify factors
atfeeting ornamental species richiness at any particular camp to dertve prediclors of risk
and as a basis [or evaluating the efficiency of past strategics. Fhirdly, | examined how
the alien flora varies between camps. to see whether ornmmental floras simply retlect
patterns of planting or the abuity of spocies o grow 10 certain arcas of the park. Finally, !
wanted basc-line data against which control measares could be assessed in futare.

F'he first comprehensive survey of omamental alien plants was conducted 1 the
Shukuza stafl village in 1999, Thereafier. all the larger and maost of the smaller camps
and ranger stattons were sunveyed by 2003, with surveys conlinging on an ad Aoc basis in
some of the more invaded tourist camps £ villages,

In guch of the camps, abl stalf gardens, the landscaped areas amound the reception,
shop and restagrant areas were scarched, Al alien plants cncountered (including species
typically found in disturbed areas and roadsides. as well as planited omamentals) were
reeorded, and berbariom specimens eollected for unknown species and photographed for
later identilication.  |deally camps should be resurveyed annually to monitor sites {or re-
erovvth, but the size of KNP and the numbers of camps ¢ villages, meant surveys were

more gd frere. The plan s For surveys wo continue in future.

Analysis of the plant species data
To estimate the potential intluence of the urbanfwild land interface. | cartied out a nearest
neighbour analysis 10 see how close parts of the park were from camps, and therefore
from a poteneial soource oF invasive species (Nearest feature scoipt, for Areview Gls 3.24).
T see how camp size and age affect the number of non-native species planted, |
used a veperalived linear model with a log-link function (because the response variable,
specics tumber, 15 i count) and the variance increasing with the square of the mean {as
the variability in specics nehness al large camps is much larger than for small camps) (R
Development Core Team 2004). The analwsis was repeated with and without including

data for Skukurza. as it has over twelve times the staff population of the nexl biggest
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camp. |also sepatated species on the hasis of whether they were cultivated ornamenials
or d, and compared the vatio of caltivared species to ton-cultivaled species al a camp
using binomial errors,

To determine the relationship between the alien Horas found in each of the camps,
Fused a measure of nestedness. §osed the nestedness index d1 {Cireve & Clown 200060,
where a value of 0 is a perfecily nesied species-presence-hy-site mairix, and if cach site
has a completely difleremt sel of species, dl lends Froem G.5 e 1 oas the size of the marix
inereases.  The tevel ol nestedness was tested against 10,000 randomly gencrated
mairices, where the randomizaiions kept the frequency or prohability of cither specics

richness per site or Specics OCCUrmences Consiant.

Results and Discussion of the Plant Survey

O the 237 alien plant species recorded (see appendix 2,1, at beast 85 1axa are known w
be invasive somewhere in the world (gsing a rapid assessment in g commonly used
internel search enging).  The most widespread and common specics include tipinia
serumbet (shell cinger), Brvophilum daigremontianum (good luck ptant). Srvopihilon
delagaense (chandelicr plant/mather of millions), Calfisia repens (sinped creeping inch
plant}y, Negireodepis exaftena (sword lemyBeston lem). Sphagneticola trifobata (Singapore
dalsw ). Svagoniun podoplvilem [govse-Tool plantarrowhead-ving), Fradescantio palfida
{putple wandering Jew/purpleheart), Tradescantia spathacea (boal plantiovster plant).
As is generally the case Bor invasive planis, species which are regarded o have been
naturalized in KNP, tend ww have been prescul for longer (153-14 vears on average,
Wilcoxon rank swm=8190G, p<0001). ¢ residence time is highly corrclaled with
Mmuedsurements ol invasiveness [ Wilson e f 20077,

Although KNI s a large arcy, the median distance botween camps or other
infrastractare is onby Y.1 ken {range 359 kem),  This means thal instead of having a large,
uninterrupted navoval area. foes for porential invasion are scaliered [aiety evenly ucross the
landscape (Fig. 4.3). The eamps thus forem islands with sources ol alien plant propagules
in a seq of natural babitar. In particular, maps can be produced for any specics recorded

0 show potential arcas wlhere nawrahzaion may have oecnred, and concentrate control
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elforts in these regions.  For example, Opuntia steicta escaped Trom cultivalion n

Skukuza (Chapter 63, and is now widespread (Fig, 4.4),

[ 1KNP boundary

Distance tc Camps (km)
0-05
B ocs5-5
5-10

_ ] 10-20

| 2837

N

20 0 20 40 60 80 100 120 140 180 Kilometers A

Figure 4.3: T he distribution and distance between statt villages / tourist camps in Kruoee
National Park.
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LEGEMD
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«  Dpuntia siricta
/\/ Taurist Cravel Road
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/NS Tourist Tar Read

D KNP boundary N

B ] B 12 Klomaters

Figure 4.4 The distribusion of Cuernia sivicta in Kruger Mational Park. Opuntia sivicta
was first recorded in Skukuza staff village in 1953 where it was introduced as un
ornamental specics. [t has since spread o an area ol aboot 80 000 ha {Chapier 6. f O,
stricta had been ntraduced to other camps, | expect that its distribution would have been
substantially greater.

As has been shown for other "island” systems. [or example, in the sub-Antarctic (I'renot

ef ad. 20010) and the Crech Kepublic (Pyviek ef o 2002a). the level of human pressure (in

FONCROEFT, 2007, PATTERN AN BROCESS OF ALIEN PLANT INYARION, 74



CHAPTER 4 ORNAMENTAL PLANTS AS INVASIVE ALIENS

this case, the number of staff housed tn a camp) explains much of the diversity of alien
plant species (Fig, 4.3, Ths is paniculariy neticeabie for cullivated species {Table

2aby Older camps alse tend to have more eultivated alien |';Iant specics, but this is a
much weaker effect.  The lack of a strong link between camp age and number of
cultivated species suggests that omamental plants have been wadely spread atound the

KNFE by humans.

2256 — 0

)

HE]

o

i

3 64 -

£3

I

B

I !

3 T o

5 a

- 3.

z o SR

E T A

[ 5

2 140

= :

= 0 ~| o i bl
[ i I E U B
4 16 34 25 1024

Murmber of staff

Figure 4.5: The number of alien ornamental pixnts in stall villages/tourist camps in
Kruger National Park 15 clearly alfected by the amount of human pressure (in this case
the number of statf members housed i the camp). The solid line is a fitted line
relationship and the dotted line is the standard crror of the mean. Phe x axisis ona lop
scale, and the ¥ axis s oo 2 log {value + | seale to show the zero counts. The point 1o
the far right is Skukuza, by far the targest camp in KNP, The inclusion ot this Skukuza
did not make a signiticant difference Lo the fit of the modet {13 (=0.164, p=0.69).
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Table 4.2 I'actors affecting the number of non-native species. Tn a. b and ¢. errers are a

tow link funcior and vartanee mercasing with the mean squared, Tnd, corors wers
Poissar distributed.  he results were qualitatively similar il negative binomial errors

were Lsed.

[a) ".:I:.Im"u'ﬁfﬁd species (Skukuza includedy ane T
Estimate Std. Error t-value p-value

Intercept -319 0.835 342 D07
log | Number of staff ] n816 4145 563 <0.0M
log [ Camp age ] 0.664 DT 239 DO2i5

Disparsion paramester for quasi family faken te be 1.075
Mull deviance. 756 on 35 degrees of freedom
Residual deviarce: 17.6 on 32 degrees of freedom

(b} Cultivated specie_s_[Slg_uﬂz;_a_gxc_ly__ded] o __ i &3
Estimate 5td. Error t-value p-valuse

Intercept -3.49 na9s 350 004014
lagq [ Mumber of staff ] a2 nA749 A0 =00
log [ Camp age | §FG8 02385 234 00285

Dispersiorn parameatar for quasi family 1aken 1o be 1.4
Mull deviarce: 47 .4 on 34 degrees of freedom
Fesidual deviance: 13.3 on 32 degrees of freedom

ftc) Mon-cultivated species (Skukuza included) )
_ Estimate Sid. Error_t-value p-value

Irtercept ' -4 95 249 193 0055
log [ Nurmber of staff ] 0 642 0386 188 0108
leg [ Camp age | 0.521 0738 0706 0485

Dispersion parameter for quasi family taken to be 7 .64
Null deviance: 45.0 on 35 degrees of freadom
Residual deviance: 36.4 on 33 degrees of freedom

id) Non-cultivated species (Skukuza exctuded)
_ Estimate Std. Errar t-value p-value

Inten:épt -2 58273 2 LT 012
Iy [ Number of statf | 0.475842 029034 1439 0.15
log [ Camp age | 003577 048722 0073 0.941

Dispersion parameter for paisson family taken to be 1
Mull deviarce: 37.8 on 34 degrees of freedom
Fesidual deviance 350 on 32 degrees of freedam
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The distribution of cultivated alien plant species between camps is heavily skewed
whergas, with the exceplion of Skukuzu, the distribution of non-cultivated alien plants
species between camps is well described by a Poisson distribution (Table 4.2). Most of
the non-cultivaled species are in Skokuza (thirty as opposed a4 maximum of three at any
other camp}). and the number of non-cultivated species is nol affected by cump age (Table
4.2¢.d), and only marginally intluenced by the number of staff (p—0.04 with Skuknza
included, p—th08 with Skukuza excluded). Despite this, the proportion of cultivaled to
non-cultivated non-nalives at a site was not affected by camp age or number of staff if
Skukuza was excloded (p={.1 in all cases). I'he addition of Skukuza has 2 massive
inlluence on the analysis {Cook’s distance =60y and creales the spuriows result that as the
namber of staff increases at a camp the proportion of non-cultivated species in the non-
native species pool increases: in fact if Skokuza is excluded the opposite trend is
observed,

| would argue that increased camp activily (either size or age) has lead o more
ornamental species. while, with the notable exeeption of Skukuza, camp activity has had
a much smaller ¢ffect on the number ol non-cultivated species. Non-cultivaled species
were initially brought to and esiabhished in Skukuza, but then tend to be naturally
dispersed. as opposed directly spread by humans between camps.  This hyvpothesis s also
supported by the nestedness of species.

| found hat the distribution of alien plant species between camps was heavily
nested (Appendix 2.2)  For the matrixs, with Skukoza included, d1 is 0.257 and if
Skukuza s excluded ¢l 15 047, For all measures tested. the species-by-camp matrix for
KNP was signiticantly more nested (p-=<0.001} than randomidy zencrated matrices.  For
those species that were ool Cultivated, there 15 ltile evidence of nesting. Without
Skukuza, d1 15 0.67 and is not sivnilicantly nested {p={.73-0.93 depending on whether
numbers per site or frequency of species are kept constant or as a set probability). With
Skukuza, Ji is 0.24 (p—0.68-79 if numbers per sile are kept constant or as a set
probability, but p=th001 if numbers per site can vary due o the large number of species
tound at Skukuza), When comparing values of d | it should be noted that hecause onlv 9
camps had nen-cultivated aliens, dl 15w most 0.875-089, [or the nestedness of

cuitivated aliens, many potential matrices can have values of d1 approximating one,
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The nestedness of cultivaled species inphes that the species presenl Inocamps
with few species were Usually a sub-sct of those in camps with more speaics, with alimost
all species being found at Skukuza.  Although several scenarios are consistent with Lhis
paltern, lhe most plausible explanatien s that the omamental species found in KNP were
nitidlly introduced o a lew particular camps, and that these plants were then taken from
these initial sources to the other camps, This level of nestedness, however, is inconsistent
with the hypothesis that the ormamental species introduced to a site depends strongly on
the environmental conditions at that site. 11 other words, preventing the introduction of
new ornamental species to Skukuza would have heen the best strategy for minimizing the
number of alien omamental species thooughout the pack,  Inoconteast, of the species not
cultivated 2 out of 32 were nol tound in Skukuza (ef. 2 out of 225 of the cultivated
species, P trom a Fisher's exact test is 0.077). The presence of non-cultivated species is
more hikely to be eovicenmentally limited. and consequently those aiien plants thar do
proliferate. are more likely to be invasive and may have reached some camps by natural
dispersal,

| am correnily collecting information on lhe number of ormamental species
naturabized outside cach camp, and this will further help w determine the difterent roles
of residence time (Pyick & Jarodik 2005} and human population size (Pviek o7 af. 2002a)
m structuring alien plant invasions in KNP, This will also enable the assessmient of the

value of early intervention in preventing naturalizalions.

Lessons learnt

The problems faced by the invasion of alien plants intenmonally  introduced  tor
horiculiure in KNI are simiar w Lhese Taced in many olher areas around the world. The
KNP situation 15, however. somewhat unique in that staft villapes, landscaped with alien
plants, have created islands of abundant alien propapules that threalen native biodiversity
throughoul a large and olherwise naturally funcooning natonal park, o these nodes, as
in many other places in the world, humans have relicd on impered alien organisms 1o
creale amenzhle living conditions. Results from this siudy show that the diversiy ol
alien plants in such nodes is a function of the number of people that reside there, More

people mean a geeater range of tastes tor “different™ things, including alien plants. o
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“enhanee”™ their surroundings,  Untii recently. the desire of huwmans to decorate their
surroundings with alien plants was not perceived as inappropriate, even within one ol the
world's wildest national parks which has it2 own rich and unique flora, Only when the
same plants that were used for omamenial purposes became invasive. either in the park or
elsewhere in South Alvica and the world did perceptions regarding the use of alien plants
start chanzing, The example from KNP is insiehtlul, as it shows the mterplay between
local conditions ithe desire to use alien plants and a range of perceptions recarding the
nature of the problem) and changing perspectives at o broader scale (imergasing global
awareness of problems associated with nvasive plants), and ornamental plants in
partteular, and changing national policies and legislation.  The KNI situation perhaps
represents a simplified microcosm of ihe situation that prevails in ather areas, which have
a greater number ot nodes, more humans, and less clear policies regarding the position of
alien specics,

In the KNP sttuatton. education and increasing awareness of the issues among
aftected partics emerged as the most important factors contributing W inereased support
for the control mitiatives. However, the maost notabie change in atlitudes came when the
programme received the support and leadership of senior KNP ofticials. The control
mmitiative undertaken o remove ornamental alien plants in KNP is continuing, fortunately
with increased support from maost staft, To date most of the initial work has been done 10
remove the most obviously invusive species. However, awareness initiatives are ongoing
and need o play a central part in the management programme. Currently the most
unportant issue 15 the follow-up control of cleared areas, which needs 1o be maintained on
a long-termt basis. The importance of timely fllow-up control s substantally increased
as mast plants are manually removed, due to the negative elfects of herbicide dmft on
non-target species, resulting in many species propagating vigorously from small root or

stem fraptments lell bebind.
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CHAPTER FIVE
PATTERNS OF ALIEN PLANT DISTRIBUTION IN A RIVER LANDSCAPE
FOLLOWING AN EXTREME FLOOD?

Abstract
The availability of sutable palches and paps i the landscape 15 a cruciat determinant of
invasibility for alien plants. The wype and arrangement of patches in the landscape may
both tacilitate and whstruct alien plant mvasions, depending on whether alien species
perceive Lhe paiches as barriers. 1 February 2000 tropical weather systems caused an
extreme flood with an estimated vetwrn intervad of 90 to 200 years 10 the Sabie Wiver,
South Alrnca. The impact of the 2000 Nood on the Sabic River landscape provides an
array of patches that may provide suitable resources tor the establishment of alien plants.

iy study examimes the distnbution ol alien plans inorelagion o patchiness of ihe
Sabic River landscape. My hypothesis was that if certain patches in the river tandscape
do not represeni cnvironmental barriers 1o abien plant invasion, alien species wall oceur
prelerentially in these patch types. Phe Sabie River within kruger hational Park (KNP
was divided into six patch tvpes (zones, channel (vpes, elevaiions, seomorphic unis,
substrates and tlood imprint types). 1 then examined the disttibution of native and alien
woody and herbaceous density and species richness in patches,  The density and specics
richiness of alien plants in the Sabie River in KNP is very low when compared w the
density and species richness of native plants.  Some patches (bedrock distributary and
braid har geomorphic units) contained higher density and richness of alien plants,
indicating that these locations in the river tandscape offer the resources necessary for
alten plant establishment. Individual alien species are also associated with dilTerent parts
ol the river landseape, Faiture of laroe numbers of alien ptants 1 establish afier the 2000
flood is most likely due to a combination of Tactors — the plant specific barriers imposed
by landscape parchiness, the high ahbundance and richness of native vegeration leading tu
comperition, and for some species certainly, the clearing by the management (Working

for Water) programme.

* Publication status: Fosorott, £.C Parsons. M. Meloughling © & Richardson, T, 2007, Puttems of slicn
pant disceaberion ina rAver landscape following an extreme flood. Soaf Afican Sowesal of Botany, [n
Press.
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Iatroduction

[he avatlahility of saitable patches and gaps i the landseape is an important delerminant
of Lhe susceptibility of riparian ceosystems 1o abien plant nvasions (Richardson ef el
20071 Patches may occur as inherent variability caused by climate, wpocraphy and
veolopy (White & Harrod [997), or may be senerated via the reorganization of
fandscapes by abiotic disturbances such as tires, floods, harricanes, and anthropogenic
land-surface alterations (Pickeltt & White 1983). Patches may also be created by biotic
disturhances such as disease outhreaks and suceessional change (Kmabt 1987, Pacala &
Crawley 1992}  Thus, patches of carly successimal communities, open space, and
resource-rich patches often owe their existence v disturbance events (Picketr 1998).
Numerous studies have examined the response of invasive species to disturbance and
disturbance-generated patches in the landscape (for example: Flobbs 1989, Haobbs &
Heunneke §992, Mack & D Antonio 1998, Flolmes of of. 2000, Berlow ef gf. 2001, Grace
ef af, 2001, Brooks & Pvke 2001, Cannas of af. 20002, Leishman et of, 20041, However.
not all open spaces and patches in a lundscape are invaded by alien species. Rather, to
success(ully invade and ultimately transtorm ecosvitems, alien plant specics  must
overcomme a series of peographic, environmental, reproductive and dispersal barricrs
{Richardson et af. 2000), which are artaved spatially within the jandscape (Iig. 5015
Althoush numerous studies have investizated the role ol resource avallability (c.p. Hobhbs
& Heunneke 1992, and the Nuetnating availahlity of those resources (Davis ef af. 20005,
disturbance regimes (eg. Unhbs 1989, Grace et al. 2001, Brooks & Pyke 2001), and
emply niches (e.g. Cannas ef of. 2002} in facilitaring invasions, | know of only a few
studics that have explicitly examined the role ol Tandscape patches in the context of
invasibifity (With 2002, 2004). The type and arcangement of patches in the landscape
may both (acilitate and obstruct alien plant invasions, depending on whether an alien

plant taxon perceives palches as a basrier. or as an area of suitable resource availability.
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Figure. 5.1: Conceptual barricrs in the mvasion process {from Richardson e wf, 2000),
tn the case of the Sabie River, alien plants will have overcome the first four barriers
throush varions means, but need to avergome the lncal cnvironmental barriers to become
invasive.  As disturbance (5 a natoral [Cature of vipanian systems. | sce those barricrs as
heing inlegrated,  The reorsanisation al the river landscape aller 4 larse Hood event
creates barriers to various alien plants, through the reorganisation of habitats. and the
extent to which a particular alicn plant perceives the patch as a barrier to. or a gap for,
invasion.

Rivers are important conduitls fur alien plant invasions {Pyiek & Prach 1994, Foxcrolt e
wf., 2007, Richardson ¢ «f. 2007), because rivers are continuous, highly connected
components of the landscape.  This connectiviey facilitales the movement of native
organisms between Jsolated arcas in the landscape (van Wilzen e of. 20073, but also
provides corridors 1ar the transport of unwanted alien vreanisms (Chapter 2). Ripanian
areas are particularly prone to alien plant invasions hecause of their dynamic hydrolopy,
the provision of favoursble resource, moislure snd nulrienl conditions, and f{requent
disturbance by floods {Tickner e af. 2001).  In South Aftica’s Kruper National Park
(KNP) many invasive plant species have spread from arcas outside the park to areas
inside the park along river corndors (Foxeroft & Richacdson 2003, Chapter 20, Given the
multiple land uses and the abundance and diversity ol invasive alien plant species in the
watersheds drained by the major rivers of the KNP {Beater ef af. 2007ab, Chapter 2,

Witkowski & Garner 2007 ), the incursion of alien species along river corridors is a major
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threat to riparian zones of KNP and. in tum. Lo the ohjectives of the park to maintain
biodiversity (KNP 20605).

Disturbance 15 o fundamental dover of parchiness in oiver landscapes.  The
hvdrotogical (low-regime) and hydraulic actions of water are primary apgenrs of
disturbance, creating an irvegular, dynamic and shitting mosaic of biotic and abiotic
patches at multiple spatial and temporal seales within the river landseape (1'shacebi ef al.
998, Malard er of 20060, Arscotl of ef. 2002, Dixon 2003%  In the Sabie River, which
flevws through KNP o hierarchy of geomorphological river system orpanization has been
derived (van Nickerk of ef. 1995) The catchment, zone, macro-reach, channel tvpe.
reach, geomorphic-unit and micro-site divisions of the hicrarchy can be viewed as
patehes in the river landscape (Rogers & O'Keefe 20033, The type and arrangement of
these patches subsequently influcnces the distribution of riparian vegetation assemblages
hecause each level provides a characteristic physical environment (van Coller ef ol
2000, Howewver, these patches are nol static i space and tme and patches may be
formed and re-formed by tlonw events of various magnitude and durauon (Reuntree ef ol
2000, Rountree & Rogers 2004,

n February 2000, tropical weather svstems caused an extreme tlood with un
cstimated retucn Interval of 20 @ 200 years in the Sabic River (Smithers ef al. 200100
Flow peuked at an estimated 3000 m” see” where the river enters KNP and at 7000 m’
sec | where the river exits the park 100 km downstream at the border with Mozambique
{Teritage of af, 2001} These discharges compare with typical wet-season {November
Mareh) base Hows of 15-20 m* sec’' and dry scason base flows of 3-5 m® sec”. The
flood markedly altered the spatial pattern of channel-type, 2eomarphic-unit and micro-
stie patches in the niver landscape by eroding and depositing sediment, and removing
large atnounts of riparian vegetation (Parsons ¢f af. 2006). The flood also trigoered
substantial recruitment of riparian plants (Parsons e af. 2005), including alien species,
As would be expected [ollowmng disturbance cvents, the imprint lell on the Sabie River
landscape by the 2000 flood provides a range of patch types that potentially provide
suitable resources for the estublishment of alien plants.  However, the tvpe and
arrangement of patches in the Sabie River landscape could also represent bammers o

cstablishement.  Aldthoueh rivers are effective corridors of alicn plant invasion and floods
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are effective dispersers of propagules, il is not known how alien planis overcome
environmental barfiers present in river landscapes atter disturhance, in order to become
estabhished,  Therelore, in developing an understanding of the rote ol barniers in the
invasion process, this study examines the distibution ol alien plants in retation to
patchiness of the Sabie River landscape following the 2000 floosd, It is known that the
ilood water velume was many orders of magnitude higher than average flows, and that
the tlood rescr the river landscape 1o an early stage of the invasion process. There 15 also
a subslantial source ol propogules in the upper catchment of the river and | assume that
the opportunity for dispersal of propagules was even across lhe flooded landscape
surface. My premise is that. assunung propagules bave dispersed and arc available {(Fig.
5.1yl certain patches in the river landscape do not represent an environmental barvier to
alien phant invasion, alien species will have preferences for these patch types.
Comversely, i patches in the river landscape do represent an environmental barricr, alicn

species will not be present in high density and nichness in these patch 1vpes.

Materials and Methods

Study area

Phe Sabie River rises in the Mpumalanga 1lghlands al an altitude of 2200 m and Oows
eastward for 210 kim across the Lowyeld and Lebombeo geomorphological zones umil its
contluence with Lthe Ineemati River in Mozambigque at an allilude of 150 m. [t has a
catchment arca of 7096 k', almost ball (48%) of which occurs inside KNP, wherg land
is predominanidy managed for conservation. Land uses in the poruon of the catchment
outside KNP comprise 20% cultivated lands, 7% depraded bands, 30% natural vegetation
and 20% pine (Phmss spa and cucalypt (Kweafvpres spa forest planlations (Beater ef al.
2007w, Chapter 2. Due w the high invasive species abundance and richness in the
porton of watersheds outside KNP (Beater ¢f of. 2007b), cfforts have been made to
assess risk of invasion dewn the rivers into KNP {Chapter 2}, Management projects are
currently underway in KNP 1o address the invasion of alien plant specics by a number ol
vectors. The largest programme currentdy In operation aims at continuous lollow-up or
maintenance contrel operations against a suite of invasive riparian plant species by the

national Working for Water programme (Foxcroft & Richardson 2003, appendix 1.2,
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Freitag-Ronaldson & Foxcreft 2003, appendix L3, Mormis ef of. 2007).  This largely
citails the use of mechanical and chemical methods to control woody shrubs, and uproat
anmial herbaceous weeds, All areas on both sides of the Sabie River are searched. where
aceessible, and 2ll alien plants are removed. The most commonly controlled woody alien
plants include Chromoluena odorata, Lantana camara. Mefia azedarach, Nicotiana
wlanea, Ricinus communis, Senna didvmobotrya, while the most widespread herbaceous
alien plants include drgemone spp.. Datwra spp. and Yanthinm spp.  [deally, the arcas
controlled should be added to this analvsis in order 10 evaluate the influence that
management has had on alien plant disiribution. Unfortunately, although GIS data of the
contro| areas are available. these readings were not sufficicntly accurate to be compatible
with the very precise nalure of the data collecwed for the present sludy. Therefore. | am
not certain whether the alien plants occur where they are because they were not ¢learcd
lrom those patches. ot because those patches allow higher rates of establishment duc 1o
the characteristics of the paich itself. However, the eative arca should have been canally
searched during control aperations and should net bias my results,

This study focused on the distribution of alien plants within KNP, alomg the E10
km main-stem section ol the Sahic River. The Sabic River has a geomorphologically
complex, mixed bedrock and alluvial landscape, where one or maore active channels fow
within an incised macro-channel that ranges in width from 250800 m and %15 m in
depth {van Nickerk ef @f. 1995). Macro reach, channel tvpe, geomorphic untt apd micro-
site are the nested levels of landscape organization relevant to the section of river within
KNP (van Nigkerk ef af, 1995). Micro-sites are delined by their sedimenl character and
elevation, in relation 1o the geomorphic unit in which they occur. Geomorphic units such
as bedrock core bars, distributary channels, lateral bars, ponls, riffles, mid-channel bars
apd benches occur together in specitic combinations and proportions to characlerise a
channel tvpe,  Four dominant channel tvpes have been tdentiiied in the %ahie River:
braided (braiding within the conlines of the macre channel), pool-rapid (pools separated
by bedrock rapids), mixed anastomaosing (multiple channels flowing through alluvium on
a bedrock base) and bedrock anastomosing (multiple channels flowing through bedrock
tissures} (van Nickerk er af. 19953, Macro-reaches, or zones, are characlerized by broad

changes in genlogy and discharge capacity in a downstream direction,
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The Sabie River exbhibits o scasonal, perenmal flow reeime bt s subject 1o
discharpe extremes characteristic of semi-arid areas {(Parsons ¢f ¢f, 2006). Inundation and
disturbance of the river landscape by river flows s related to laeral and vertical
topowraphy of the template,  Yhe macro-channel s divided inge two areas, namely the
higher elevation macro-channe! bank and the lower clevation macro-channel floor. The
macro-channel foor can be divided inte How inundation areas, in owhich clevation iy
related 1o the fregquency of inundation (Heritage ef af. 1999). The active arca s tnundared
anoually for prolongsd periods during both wet and dry sgasons, or intermittently for
shorl periods by small Muods during the wet season {Parsons ef ¢f. 2006). The ephomeral

area 15 only inundated during extreme (loods.

Dt coflection and amnalysis

I'he Sabie River landscape was divided into six patch types based on physical and
cnvironmental charactenistics {(Table 5,13 Zones represent the broad change in seology
and discharge capacity in a downstream ditection, Channel types represent differences in
macro channel width, channel gradient and geomorphic unit composition (van Nickerk ef
af. 1993y, Elevation represents differential space-time inundation of the physical
lemplate by [Tows of different magnitudes. Geomorphic units represent differences in the
bedform morphology of the ehanncl. where diiferent scomorphic units occur al diflerent
clevations and have different substrate character (Heritaze & Moon 20007, Substrate
represents the texture of the underlying sediment. Flood jmprints represent the physical
change in the river [andscape due to the 2000 flood, and are caleulated on the basis off
whether an arca ol the river landscape changed state, or remained as the same state,
following the 2000 Aood (Parsons of ad, 20051 Thus, cach of the six patch types has
characteristic environmental conditions that may pose an envirgnmental barricr 1o the

establizhment of alien plants,
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Table 5.1; Description of patch types inthe Sabie River landscape.

Patch Iy pe __ Descriptiom

fone Fdedilivd Lreast inags

Upper Ciranie meolegy, 300 m's” focd discharge
Mid Ciranite goolosy, intemyediate discharpe
Lower Basalt senlogy, TOH m's food dscharge

Genmorphological
chapnel fype
Hraided

Pracal ragi

Buedrock
anastomnstng
WMixed anastomoesing
Flevatin

=Im. 1 -2m, up iz
O
Geomorphic unit

Bedrovk core bar
Bodrock distributary

HBedrnck pavemant
Baaid bar

Lateral hay

SWacry channcl hank
Substrate

Bedrock

Fings

Sund

Sand and fines
Bedrock and tines
Hedbenck and sanak
Flood imprint

Vepelated o physical

Slaved vepetated

Stayed physical

Wepelaled or physical
1 diehrs

Pdemtifivd (rom wenal photographs (see Parsens of i, 2006}

Hraiding within the confined channel

Pocls sepamted by bedrock rapils

The conneciion ol svparate parls of a branching syslom e fom a network;
muliiple channels flowing throush bedock

Multiple channels fowine threugh alluvivm on o bedreck base

ldentificd using a high resclution digital elevation moedel derived fenm LITXAR
data

Flevalion is the vertical penfile, from the level ef the waler, al ene metie
irleryis

Identilivd from acrial photegraphs

Aveumulation of finer consolidated scdiments and sands on top of bedrock in
kedrock anasteamnsing areas

Annividual active chunnel in a bedrock anasiomesing system containing no
consolidaied and/or unvonsobidared scdiment

Hedrock hed or hasc

Accumulation of unconsolidated sedisent attached o the side of the channel,
possihly dssociated with a rip-channel caosing flow 1o diverze over a scale thal
approximales W the channe] width

Accumulation of veconsalidated sediment aftached w the side el thy channel.
possihly associted with a np-channel al the base ¢t the macro-channel.
Forming in arcas of reduced cnergy Tow

The maiviedee bank of the macto-channel wlich extends qomess the ingised
valley and comiaing the sedimeniary deposis and riparian vegetation

hessured nothe ficld as the subsicate inowhich cach plant is rooted . Percent
substrate composition in cach plot was then caloulated.

Budreck hed s basc / houlder

Silt, clay and arganic particles, <t mimn

Coarse dver sand, 0.0 mm

Mixed sand and fine substrate

MWixed bedrovk and fine substrate

Mixed hedenck and sand substrals

Flentifred wsing a G1S {see Parsens o o, 20035 & 20006)

Areus thal were voselated by roeds. shrubs, trees or herbaveous veretation prior
e the 2000 flood, bug are now avcas of physical rock, sand o water siales
frltowing the flend.

Arveas thal were vewelated by reeds, shrubs, frees or herbaceous vegelation prior
fox the 2000 Heod, and remain a3 one of these vegetured states fnllowing the
flood

Arvas hat were 3 physical rock. sand or waler state prior to the 2000 Dood, and
rcmain as enc ot these physicat states fellowing the flond

Areas veretatid by recds, shrubs, teees o herbacenus vepctation, oo thatl were 2
physical rock, sand or waler stale prior L the 2000 loed. but are now arcas of
wnody debris oliowing the flood
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Figure 5.2: Locatien of sampling sites within zones and geomaorphological chamnel tvpes

alonye the Sabie River, The insert places the study siie in context with the rest of South
Adrica,

The plots belonging 1o each catesory within a patch type were used to calculate mean
density and species richness of alien and native woody and herbaceous vegetation. One-
wity ANOVA was used Lo examine differences in density and species richness, using the
catcgories withun a patch (Table 5.1% as treatments, Sample sizes are unbalanced amaonge
lrestments because of the complex morphology of the river channel, where difterent
numbers of plots occurred i ditferent zones, chaonel tvpes, elevations, geomorphic units,
substrates and flood imprints.

Tu examine the wtluence of the pawches on individual alien species 1 used
regression tree models. | only anaiysed 12 selected species for which there were more
than 20 records across all 12 transects. Tree-based models provide an altternative to linear
and additive logistic models for regression analysis (Breiman ef af. 1984 Vayssieres of
af. 20000, Regression tree maodels successively split data to form homogencous subsets,

resulting tn a hiecarchical tree of decision rules vsetul tor exploring interactions between

FOXCROFT. 2007, PATTERN ANTY PROCESS GF ALIEN PLANT INVASION. a0



CHAPTER 5 PATTERNS OF RIPARIAN PLANT INVASIONS

variables, | used 5-Plus 2040 Protessional Release 3 {MathSefi Ine. 2000} for fitting and
examining the regression trees. The number of nedes was limited to five as my primary
interest was to identity the main patches {response variables) structuring alien plant
invasion patterns in the Sabie River, KNP 1ihen used the response prediction madel to
determine the percentage agreement {model fit) between the data and the results of the

tree model, for species density,

Resules

The abundance and specics nehness of alien plants in the Sabie River, at least inside tw
KNP boundary, ts very Iow when compared 1o Lthe abundance and species nchness of
native plants, comprising only 0% ol the total herbaccous plant abundance and 3% of the
total woody plant abundance respectively (lable 321  Alen plant species richness
represented 16% of 1tal herbaceous specics riehness and 7% of total woody species
vichness { Fable 5,21, Of the alien plants that were found, most oceurred in low pumbers.
with anly one woody species and Uree herbaceous species having more than [0 records
actoss all 12 transects { Pable 5.3), Nine woody alien species were recorded during the
survey, comprising only one naluralized species, bul cipght invasive specics ( Pable 5.3}
[ contrast, 19 bherbaceous alien species were recorded, with seven species considered

mvasive and the rest naturalized (Takle 5.3).

Table 5.2: Summary of herbaceous and woody alien and native plant abundance and

species richness in the Sabie River. "lotal sampling area for e herbaceous vegetation is
2 il 2

3 900 m” and for woody vegetation is 82 200 w7,

___ _ _Abundance Species richness
Number of Yo of lotal Number of "o of tetal
individuals species
Herlmceous
Alien 1463 O i9 16
Nutive 21377 94 94 34
l'otal 2284) EES
Woody
Alien 306 3 0 7
MNative 8347 a7 127 43
Totad 8853 136
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Table 5.3: Alien plant species recorded on the Sabie River,

Specics Authority Abu  Status Controlled
Herbaceuwus
Acanthosperinim D, Mvaturalized No
frispicliom i
Argemone ochrofenca L 2 [fvasive Slashiuproot
Biclens Biforata thoar ) Merr. Mvatiralized M
& Sherft 1
Bideny pitoya s I Naturalized No
Cardipspermum L. Invasive Liproase
halicacabum K
Catharanthing roseus {L. /5 Bon 43 Invasive Llprasat
Chenopodivm afbum L. A MNaturzlized Ny
Commelin L. Maturalized Mo
benghalensis 102
Crevalarvia aatiflora schweint, 1 “aturalized M
Flaveria hidentis (LR untse 5 Maturalized Mo
fronnisetnin Seracetm {Forssk.) Muturalived Moy
Chiov, o7
Persicariu lapathifolic (L)) Gray 241 MNaturalized Mo
Histia stratiofes L. (81 Invasive Biocontrel
Pupalia lappacea {1y A Juss 32 Maturalized Mo
Senwc ovetderialiy (L.y Link 15 Invasive Cut-stumpherhicide
Tawetes minufa L. 27 [nvasive M
Tridux procumbesny i 78 Maturglized Mo
Waltheria indica L 35 Maturalized Mo
Xeanrhivm strumariam T 67 Invasive Slashiuproot
Woody
aesalpinia decapetala (Roth) Alston Invasive Cul-slumpherbicide
Chromolaena odorate (LR MKing 3 [nvasive Cut-slumpherbicide
& H.Rob,
Coccudus Rirsutus (L Dhiels 3 Maturalized Mo
Lartaanies canmara [ 2 [nvasive Cul-slumpherbicide
Mlia uzedarach i & Invasive Cut-stumpiherbicide
Ricivs commms [ 4 Invasive Cut-stumpherbicide
Soana didvimofoing (Fresen.) 2 Invasive Cut-stumpherbicide
[rwin &
Barnehby
Senna septemirionalis  Willd. G Invasive Cut-stumpiherhicide
Seafartia prnfeca (Cav.) Benth 73 Invasive Biocoolrc|

Authority— tollowing Germishuizen and Meyer (2003)

Abu  Abundance

Status— L urrenl stalus of alien plants i KNP (terms Tollow Pydek ef af. 2004).
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In all six patches. there is an order of magnitude difference between native and alien plant
density. for both herbaceous and woody vegewtion (Fig, 5.3 5.8) indicating thar native
plants are numerically dominant n the post-tlood river landscape. Similarly. in all
patches. alien plant species richness 1s abways matkedly lower than native plant species
richness. One anomaly was observed, where alien and native woody species abundance
and richness is the same in the staved physical flood imprint type. The stayed physical
imprint tvpe predominanty occurs at low arcas of the channet (M. Parsons, unpublished
data) and 15 therefore probably frequently disturbed.

Although the herbaceous alien plants showed some differences in density and
speeies richness between patch types, there was only a signiffeant diffceence in
herbaceous density and specics richiness amang ecommphic units (Fig. 3.7). Herbaceous
alicn plant density was almost an order of magnitude higher in the bedrock distobatary
and braid bar peomorphic units than in the other units. while species richness was highest
in the braid har geomorphic unit {Fig 5.7

There was a sivnificant difference in woody alicn density and species eichness
among zones (Fig. 3.3), channel types (Fig. 5.4), and geomorphic units (Fig, 5.7} There
were no differences in woady alien plant density among elevations (Fig. 3.5) or in woody
alien plant species richness among floeod imprinis (Fig, 3.6). Woody alicn density and
species richness is highest in the upper and mid zones (Fig. 3). Woody alivn species are
sienificantly lewer in both density and richness in the peol rapisd channg] type, while the
braided. mixed anastomosing and bedrock anastomaosing channel types are have stmilar
density and species nchness (Figo 543 Altheugh not siemiBeantly  dilferent ameng
elevations, woody alicn plant density and species richness was highest in the braid bar
sceamuorphic unit, with almost cqual distribution of density and specivs richness across the
other geamoyrphic units (Fig. 3.7}, Woody alien species richness was highest below an
clevation at’ 3 m. which is i cunteast w native wood ¥ species nichness which increases
steadily up to an elevation af 7 . Similarly. woody alien plant density was highest n
the slayed physical flood imprint type, while the vegetated to physical and stayed
vegetated flood impont types had equal density, and the vegetated or physical o debris
flood impeint type the lowest,  Woody alien species richness was highest on sand

stbstrates,  and  fowest on the bedrogk  and  hedrockifines  substrares.
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CHAPTER 5 PATTERNS OF RIBPARIAN PLANT INVASIONS

Two woody species (Lomranta comtara and Seshodia previceat and 10 herbaceous species
{Table 5.4) were analvsed using regression tree analvsis (Big. 5908 pewicea, for an
example), to determine the main pateh type (varable) influencing the pattern of that
species (Table 5.4)  The percentage agreement between the data and the fitted model
varied trom T8% to 95% (lable 3.4).  Lasfona cemera appears (0 have responded
pricnartly 10 the tlood impnnt type, with the hichest abundance being recorded in
vegetated to physical, staved vepetated or vegetated or physical 1o debnis Nood jmprint
types.  The lowest density of L. camara was loand in the stayed physical flood imprint
type, ws well as between 0 2 m oclevation and =4 m elevation.  Seshania puniced
responded mainly 10 geomorphic units, and was finnd in high density in braid bars,
below un elevation of | m, Cardiospersmm falicacabum responded in a similar manner
tor £ camara, being found in high depsity in the same disturbance patch types. The
response of OO rosens W elevation was shghtly nnclear, but it appears that the highest
abundances were found between an elevanon of T 7 m.  Commeling benghalensis
responded mamly 10 sobstrate, with highest abnndances on rock, sand and fine substeares,
and not on the combmed substrates.  Pesisetim setocenm responded  solely o
geomorphic units being found in abundance only on bruid bars and in low abundance in
all other units.  Persicaria lapathifolia responded similarly, but was found on braid hars,
lateral bars and bedrock core bars in high abundance. Fugetes minuta was lound in high
abundance on sandy substrates, i the bedrock anastomosing and pool rapid channel
types,  Triday prociembens was found in highest abundance between an elevation ol 1-3
m. and in low ubundance in all other elevations.  Waltheria indica also responded
primarity to elevation, and while not entirely cleur, appears 0 be found in high
abundance in the md elevation ranges.  Although Xanthivm stromariom responded to
Hood impring type. this response is unclear as high densities of X strumarium were found
in the stuyed physical, vegetated 1o physical, vegetated or physical to debris Toad tmprint
types, However, X strnmiariem 15 also found in the upper zone, at low elevation in high
sbundance.  Thus individual woody and herbaceous alicn plant species are associated

with difterent putch types in the Sabie River landseape.
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CHAPTER 3

PATTERNS OF RIPARTAN PLANT INVASIONS

Table 5.4: Response of selecied alien plunis 1o pateh wype, as suggested by the regression tree analysis (see Iig. 5.9 for an example).
The main response variable is the variable (patch Lype} that is responsible for the first split in regression tree. The % agreemoent was
deternuned using the response prediction model 1o detenninge the percentage agreement (imodel fit) between my dats and the results of

the wee model.
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CHAPTER 5 . PATTERMNS OF RIPARIAN PLANT INVASIONS

however not very clear, as there was no preference o cither Lhe staved physical.
veselated to physicul, vegetated or physical o debris Nood imprint tvpes. 1t does appear
thauuh that some alien plant species were more trequently found in patches of woody
debris. muatching the response found by Pettit & Naiman {2006} who report higher
abundance and richness of seedlings taken from seil under debris piles in comparison to
the surrounding area. This is not surpeising, as the debeis piles would provide protection
tor seedlings and ipcrcased surface detritus and  nutrients from  the accunuolated
decomposing material {(Pettat & Naman 2005).

To pain further insight into the roles of patches in the tandscape as barmiers to
alien plant invasion, the similarities and contrasts of both the trends in alien plant density
and richness, as well as trends of the individual species, should be compared.  Althoush
trends in alien plant densily and richness broadly indicate preferences of herbaceous and
waoody lile torms [or certain patches, mdividoal alien species are more clearly associaled
with differemt patches. This indicates that patches act as barricrs to the invasion of
individual species in the river landscape. However. the variation and standard devialions
for density and species richness across all the patches indicates a hich degree of
variahility in the svstem. This may indicate the inherent variability of plant distribution
in the river tandscape. The higher species richness and density of alien plants at lower
clevations (03 m), although onty siorilwant for herbaceous species, 15 probably an
indication of the higher frequency of disturbance by subsequent flows at lower clevations
in the river chamel. However, when viewed al Lhe species level, except for Seshania
pioricea which bas higher abundances below 1 m. the response of individual specics o
elevation 15 nol very clear. 'This possaibly means that S pusiced invasion is facilitated by
the conditions provided at low elevations in the channet, perhaps more frequent
inundation or disturbance. However, iL 3§ also interesting {o nole Lhal native species
richness is also lowest in the dislurbed conditions at lower clevations, Clearly, patchiness
or gaps in the syslem provide for increased invasion abilily (With 2002} Tlowever, no
work has assessed the response of inbividual species o a range of potentizl barriers
present in a particular system.  The specitic traits of each alien species will influcnce the
degree to which 11 is associated with different patch Lypes, and thus the degree o which

cerlain patches then act as barriers to invasion. This will most likely be a product of the

FORCROET, 2007, PATTERN AND PROCESS OF ALIEN PLANT INYARION. HId



CHADTER 5 L PATTERNS OF RIPARIAN PEANT INVASIONS

dispersai mode and prepaguie production, defence mechamsms. resource demands.
competiliveness, seed banking strategies and secd size of each species. Thus, individual
species invasions are assoclated with ditterenr parts of the river landscape [ollowing a
large tlond.

Two addiional factors may be important barriers lor the establishment of alien
species inthe Sabic River landscape. These are the management programime {clearing by
Warking for Water teams) and the vichness and density of native vegotauon in the
landscape.  Alien plants currentdy represent a small percentage of the towd plant
abundance and species richness in the Sabie River within KNP, and half of the species 1
recorded are contralled either mechanically/chemically or biologicatly (Table 3.3). The
fact that less than six percent of the total plant abundance comprises alien species may
indicate the effectiveness of the clearing programme. The low abundance of alien plants
is thus cither a limimation of the study or an indication of the barriers 1o species
establishment in the svstem. Howoewer, the low abundance of alien plants might be an
important sirengith of the study as well, as this represents the siteation as is currently
experienced 0 an area thal 1s reccivine ongeing management. and perhaps. the current
population of alien plants might then represemt preferential areas for growth and which
supphy sufficient resources o atlow rapid re-colonisation. [t aiso appears that the high
mative spectes abundance and richness misht be playing an important role in maintaning
invasions at low level. Parsons ef af. (20037 reported thar 753% of woody plant abundance
in the post-Nood landscape was contributed by plants that established after the Mood and
25% by residual plants that survived the Hood,  The presence ol relatively hish
abundances ol both newly established and residual native plants in the Sabie River
landscape may exert competiive intluences on alien plants.  Although there is a vasi
literature that hoth suppers and eontradicts the competitive role ot native vegetation
viewpoint {{or example, Kennedy ef af. 2002, Siohtgren ef of, 2003), there s clearly a
substantial dificrence in abundance between alicn and native vegetation along the Sabic
River. This warranis further investigation, probably at multiple spatial scales, before the
effect ol native specics richness on slien plants 1s better understood.

Overall, alien plants represented a small proportion of the vegetation n the Sabie

River landscape atier the 2000 flood. Given the propagule pressure from outside the park,

FORXCROFT. 2007 PATTERN AN} PROCLESS OF ALIEN PLANT INVASION. 145



CLHAPTER 3 PATILRNS OF RIPARIAN PLANT INVASIONS

this is perhaps unusual. 'The slight trend of decreasing densily and richness between the
upper, mid and lower zones of the Sabic River ndicates the importance of propagule
pressure i the walershed to the west of KNP, agreeing with other studies that have
highlishied thes arca as a major source of invasion lor the lower resches (Bealer ef af
20070, Chapter 2, Witkewski & Garner 2007), The failure of many slien plunt species to
gstablish atter the 2000 Mood s hkely due 0 a combination of factors — the plant specitic
barricrs imposed by the structure and pattern ot patches in the landscape, the high
ahundunce and richness of native vegelation leading to competition, and for some specics
cettainly, the ¢learing operations.

If management was only concemed with one species, it is likely that the barricrs
and promoelers of invasion could be determined, and priority areas mapped sccordingly.
However, where multiple species are concerned and the removal of one specics may resull
in replacement by another alien species. a more holistic approach is needed. For example,
overall, the braid bar is an important patch for most species. Howeser, it docs not appear 1o
be at all important [or L. camara, which remains a high priority species in the KNP, The
most important consideration for managers controlling alien plants then might be to
determine which areas ol the lundscape patch mossic are most likely to be invaded by 1) a
suite of invasive plants. the combined effect of which might be particulacly hacmlut. and 2)
gupressive speeies which might occur over a wider area, @nd then detenming what
indioenous specics are likely o be impacted in these highly invaded arcas.

[ have taken s new approach o clucidete pattems of alien plant invasion by
considering the river landscape as patches that may act as barrices to the establishment of
alicn plants afier a laree flood disturbance, [ have shown that diflerent densities, species
richness and individual alien plant species occur in different patches in the Sabie River
lundscape [Ollewing a large Dood, Munagement strategies of lareely natural svstems such
as KNP should be based on an understanding of alien species distributions and preferences
for patches in the river kmdscape. Managing lor piant invasions at places in the landscape
that alien plants do not have a preference for, and without constderation of the ways that
patches may acl 45 barrers o invasion, can be wastelul of resources and may allow

invasions to progress rather than be ihibited.
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CHAPTLR 6 RECONSIRIICTING PLANT INVASIONS

CHAPTER SIX
RECONSTRUCTING FIFTY YEARS OF OPUNTIA STRICTA INVASION:
ENVIRONMENTAL DETERMINANTS AND PROPAGLULE PRESSURE’

Abstract

Many tactors influence the spread dynamics and distribution of invasive alien organisms.
Despite progress in unravelling the determinanis of invasiveness and invasibility, robust,
spatiallv-explicii predictive models [or explaining real-world invasion dynamics remain
illusive. Reconstructing invasion episodes is a useful way ol dewermining the roles of
ditferent zactors in mediating spread and proliteeaiion, [n many cases, however, human-
gided dispersal and other anthropogenic factors blur the roles of naturai controlling
factors, | deseribe the reconstruciion of an isolated invasion event from a known source:
the i-year invasion history of Opwerfa stricfa in Krager National Park. My aim was to
explore the relative toles of cnvironment and propagule supply in shapipg the invasion
pattern.  Environmental variables {landscape heterogeneity and distance from water
sonirees) were maderately useful tor explaiming the presence/absence of O siricta in [-ha
cells across the 660 km® (23% ol cells correctly classiliad).  Adding lee feeguency
increased the accuracy of the mode| (68%0).  However, when 1 considered the role of
propasule pressure measuced as the distance of sites [rom the known primary invasion
focus and putative secondary invasion foci), model accuracy was greatly improved
{77%), No environmental variables or propagule pressure comrectly explained spatial
variation in abundance (expressed as cladode density in 1-ha cells). | discuss
impheations of the importance ol propagule supply lor modelling and managing

INvaAsIon.,

" [ublication status: Foxcrofi, |0, Rouger, M., Richandson, DU, & MuacFadven. 5. 20004, Beconstructing S0
vears of Eperii sfricia invasion in the Kouger bationad Puck. South Afriva; enyvironmentul
determmants and propugule prossurc, fhiversiy oo Diseihutions T0: 427 437,
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CHAMTER 6 RECONSTRUCTING PLANT INVASIONS

Introduction
Many biotic and ahiotic factors affect the performance of an introduced organism. Upon
arrival in a new environment, an alicn must negotiate 4 serics of barriers or filters boefore
hecoming established. naturalized or invasive (Richardson er af. 2000, Colauttt &
Mactsaac 20043, For alien plams, pre-adaptation to local environmental conditions
{broad-scale  climatic  and  soil  conditions, ¢te) 15 essential  for  establishment.
Naturalization is only achieved when the alien species reproduces. and invasion is
contingent on dispersal from mtroduction {uei. Proliferation m disturhed and undisturbed
cnvironments is further dependent on the alien species’ ability o negotiate or lake
advantage of many other features of the receiving environment. Much progress has been
made recently towards understanding the determinants of invasiveness angd invasihilicy
(Rejmanek er af 20043, but plant invasions remain difficult o predict because ot the
complex mteractions botween traits of the invader and tfeatures of the environment,
Importantly, the nature of interactions between invader and environment changes over
time as the abundance of the invader increases, Espocially in the carly stages of invasion.
invaders are clearly not in equilibrium swith the environment.  This complicates the
assessment of the role of covironmental factors in mediaging invasion patemns (Hulme
20013y,

several recent studies, following ditferent approaches, have highligheed the
important role of propagule supply (or “propagule pressure™) in structuring invasive plant
populations (e.e. Williamson 19496, Hutchinson & VYankatr 1997, Lonsdale 1999,
Williamson 1999 Alpert ef af 2000 DCAnlonio ef af 2000, Foster 2001 Frenot e ol
2000, Brovwn & Pect 2003, Rouger & Richardson 2003). These studies suggest that the
mfluence of various barriers o ipvasion can be diminished when an environment is
swamped with propagules, since establishment and subsequent events and processes
along the naturalization-invasion continuum are all probabilisric rather than deterministic
(D' Antonie et af. 2001).  The mereased avaitability of propagules in the course of an
invasion can thus be a fundamental driving foree in the invasion. Rouget & Richardson
(2003} showed lor three invasive tree species that maodels incorporating propagule
pressure were markedly superior to those invoking only environmental paramcters o

explaining distribution patterns and abundance of invaders at a regional scale, These
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results suoeest that gaccurate reconstruciions of invasion cvents, and attempts o model
ongaing and future invasions, most incorporate propagule pressure. Further examples
detailtag e explicit roles of propagule pressure in nvasions are required w help in
developing robust theorics and models for budlding propazule pressure into quantilative
invasion ccolooy, This paper presents insights in this recard from a study of the invasion
dynamics of Opuntia stricta.

(lpuniia sivfota (Cactaceac) s widespread as an invader over large parts of South
Africa (lHenderson 2001) is the most widespread invasive alien plant in South Africa’s
koruper National Park {Foxcroli & Richardson 20037 1S invasion o KNP sinee the early
F930s represents a discrete invasion event with a detined single source tsce bolow). A
study employing Principal Components Apalysis revealed a poor correlation between ().
strfete distribution and environmental variables. suppresting that the species can grow and
invade a wide range of habitats in the region (Foxcroft 2003}, The acquisition of | 4,504
additional distribution records and additional GI5 layers of environmental information
provided the opportunity to gain further insights on invasion processes at the repional
scale over 50 years, [n particular, given the observed poor correlation between € sirfctu
distribution and environmental factors, this offered an opportunity to explore the extent o
which propagule pressure could be acting a5 a driving force n Lhis invasion,

‘The aims of the stody were o0 1} reconstruct the invasion history of () siricta
over 20 vears e elucidate invasion rates and patterns of spread; and 23 explore the rale of

propagule pressure in structuring the invading population.

Methads

Studdy area

The study was located i the southerm region of KNP around Skukuza village, extending
40 kin cast-west and 40 km north-south {24.85-252 deeeces 5, 31.45-31.8 deprees L)
(Fig. 6.1} The topography 15 moderately unduliting to {lat. imtersected by numerowns dry
streambueds, which low mainly as stonn water conduits draining inte the Sabic River, A
few granite hills occur. protruding trom archaie granites and gneiss, The landscape has
developed mainly as a result of the accumulation of clay and mineral elements in the ow-

[viny areas (Gertenbach 19837,
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Ficure 6.1: {a) Study arca in relation to Kruger National Park, (b) Landscape
heterogeneity as indicated by satellite imagery grouped into 20 ¢lasses (top); number of
fires between 930 and 2003 (bouwom), (o Mapped distbution of £ siricta (19,849
points), (d) Cladode density of (4 strfera in 1-ha cells.

Study species

The platyopuntoid cactus Opuaria stricta (Hawy Haw. var. diffenii (Ker Gawl} L. [
Bensen (Cactaccae; sour prickly peard s o perennial succuient shrub native o Nerth and
Central America.  [leshy fruits are borne on the modified succulent stems called
cladedes, it is well established as an invasive alien species in Australia (Johnson 1982),
Spain (Vild & Gimene 2001, Gimene & Vila 2002, Vila e af. 2003), and South Alrica

(Henderson 2000, Nei ef af, 2004y, The spocies (6 sfrfefer) was Dirst recorded in the KNP
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in 1953 when 1L was grown as an ornamental plant in Skokuza village (Lotter &
Hillmann 19983, Olpasfia steicta soon natoralized and by about 1980 was spreading
raprdly around Skukuza. The species has invaded nine Opmeiria management units {units
developed for the integrated control of (3 siricfa, as described by Lotter & 1 loffmann
[9498) covering some 66,000 ha, making it the most widespread invasive alien plant n
KNP (Foxcroft & Richardson 2003, appendix 1.2) iTie 6.2)  In KNP the ripe fleshy
lruits are mainly caten by baboons {(Papio arsinus) and clephants { Loxodosta africana).
Lhese species are presumably the dominant disporsal apents ol €2, séeicne, bul no work has
been done an the dispersal ccolozy of the species in the rezien. Birds cat the froit ancd
disperse seeds of {2 s#dcfa in other parts of its adventive range (e.g. in Catalonia, Spain:
Gimeno & Yild 20025, but no bieds are known to teed on € stifefa o the KNP, Little is
known about the biology and ecelogy of €& stricta in its natural habitar {Reinhardt ¢f wf.
1999).  The vermination ol other Opunia species increases with age of the secds,
indicating some tnherent primary dormancy which probably allows sced banks to
accumulate in the soil (Mandwjano ef af 19971, Dodd (19407 lound seeds of Opronia
species 10 be viable after |5 vears. [inder one set of trials in controlled conditions, 64%
of €2 sfricka seeds serminated, and 2006% of the seedlings survived lor longer than 12
months {Lotler 1997, Although € sidicta is a prolific seed prodocer, in common with
many other (ipuntia species, vegetalive propagation s alse achieved through ramets (ie.

fragments contamtng one or several oladodes) (Mandhwjano ef of. 2001).
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Figure 6.2: A dense stund of Opuntia stricta in 1997, near Skukuza in Kruger National
Park. The picture shows a healthy sumd, with enly minor damage caused by the
introduced biological control agent Cacrodiastis cactorum (Photograph: 1LH. Hollmann),

Attemipts to contrnl €3, sirfera have been conducted in KNP since 1985, with the
implementation of an herbicidal control programme (Foxeroft & Holfimann 20005).
Herbicides have been unsuccessful because populations are replenished from soil-stored
seeds, many small plants are overlooked in spruying operations, and insulticient follow-
up work was camricd out. Bielogical conteol using the phycitid moth Cacmblastis
cactorym commenced in 1988 and has made some contribution 1o slowing the spread,
mainly by stunting trowlh and exwnding the time that plants take to reach sexual
maturity (Hoffimann ef af 1998a by The release of the cochineal bug {(Dactylopivs
opuaiiae) in 1997 considerably improved the biological control of €, srrictr {Foxeroft &
Llotfmann 20033, The species is. however., still expanding its range in KNI and in many
uther parts of South Afnica,  Detailed alormation on the invasion dynamics of this

specics in KNP could assist in planning more effective intervention strategies.

Mapping Opuatia stricta distribation and abuadance
‘The distribution of Omentia stricta in the study area was mapped between November
2000 and November 2003 using Geographie Positioning System (GPS; Garmin 12XL)

units with an accurcy of about 7 w 15 m. Mapping was done as part ol the systematic
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release ol B ownetioe Tor Biclogical contriol of € sodenr. Mappinge invelved a team of 14
persons moving through the tield in a straight line, approximatcly 10 m apart, mappmg
individaal plants and clamps. Cwrrent remote-sensing technigues are not appropriate for
mapping this specics in the stady arca, a5 most O weicde pulividuals and stands occur in
densely wooded savanna (Fig, 6,17 or are hidden i a dense herbaccous under storey.
Flanis were individually mapped, except when they comprised more than about 150
cladodes, or when plants cccurred in dense patches, In such situations, the number of
cladodes was estimated by regression analysis using lensth, breadth, and  beighi

dimensions of the patch (as described in LHofTmann of wf. 1998a),

Environmental data

Detaled environmental data were available as Geographic Information Svstem 1G15)
layers [rom the Savanna Ecological Research Unit at KNP Data layers selected for
melusion it the study are described in Table 610 Classification of a Landsat? 1-TM+
image (oblained from the USGSEROS Data Centre), and processed to the [evel 14
fradiometrically and geometrically corrected) was used to derive a classification of
landscape heterogencity, The ansapervised classilcation of bands 4 Mmear-TiRY, 5 (Short
Wavelenath Infrared (SWIRL and 3 (Red) displayed as red, green and blug respectively
of a Landsar7 ETM+ image, feratively classilicd pixels imo 20 specirally distinet ¢lasses.
Classes were determined by spectral distinctions that are inherent in the Landsat? image,
through the Tterative Self-Oreanizing Data Analysis Technigue (ISODATA) clustering
method {Tou & CGenzaler [974). The assumplion is made that the spatial patterns of
these classes relate to “hypathetical” habitats within the study arca. This provided the
best available indication of landscape heterogeneity (see Mg 6.1h: top).  Landscape
heterogeneily 1s understood as the degree of variability across the tandscape and is

regarded as the highest level of hiodiversity (Micket et of. 2003, Rogers 2003),
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timchuding  firey used  to characterise

presence/ahsence and abundance (cladode densityy ol Opamra striera in Kruger Natianal

Tuble 6.1; Environmentsi  varables
Park,
Code Meaning

Soil variables
Sol Form

Soil Texture

Wertler Soil
Climafic variables
Rairtfall

ilabitat variables
Venter Land Pype

Distance From Water

Landscape heterogeneity

Muanapement
Firu

Mujor soil forms classilicd into 13 types tInstitute for Soil,

Climate and Warter, 1997}

Soul texture based an the proportion of sand. loam and ¢lay

{ 11 categories) {Institute tor Soil. Climate and Water., 1997)
A classitication ol soil types as deseribed by Venter (1990}

Average annual rainfall {mm)

36 “land types”™ as deseribed by Venter (19900 an the basis
of soil and vegetation patterns and which are combined
with londtonn characteristics

Pristance [vom major water sources (rivers, artihicial and
natural barchales)

Classification of a Landsat? ETM - image was used to
derive a classification of landscape heterogencity

Mumher of 1Tres slnce 1935

Kelectivwr of the appropriate spatial scale

Althoush distnbution daa for @ sirfera were available as point records, | decidad o
wirk at the scale of 100 m o x 100 m (1-ha) cells. One-ha cetls reduced the influence of
under sampling O sirfer. especially in densely wooded, inaceessibte areas. Working ar
this resolution also enabled me to compute presencesabsence and abundance at the same
spatial seale.  Since | was mainky interested n density with reference w propagule
pressure fthe role of dense stands as toci for turther invasion), | computed cladode
density in lerms ol the lotal number of cladodes per |-ha cell. One-hectare cells were
also suitable for relating distribution and abundance dam to environmenlal variabloes

which were collectedi/cotlated at varving scakes of resolution bul which were all suitable

for imerrogation at the scale of 1-ha cells.
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Definition of invasion fool aud receustewcting the invision chronelogy

The need to quantity lhe role of propagule pressure necessitated the identification of
patches of () sfricea that functioned as the most imporiant sources ol propagules (referred
toras foci). | assumed that propagule pressure would be related to the distanee from such
foci. Based on propagule pressure, | would expeet most high-density patches to occur
near foi, and yery fow invaded cells far away from the focl, As a frst slep in assessing
the rofe of propagule pressure i structuring invasive popufations [ defined two levels of
foei, The primary focus of invasion is the known origin of the invasive population i the
Skukuea villape (herealier the “primary locos™),  Putative sccondary invasion foc
{“sccondary foor™) were defined as the top 5% of 1-ha invaded eells ranked by cladode
density (lhere were 260 cells with = 500 cladodes ha: see Fig, 6.3d). This sclection was
supported by a rapid dectine in the freguency distribution of cladode density in [ -ha eells.

Preliminary anaivses indicated that cladode density per l-ba cells was indeed
negatively correlated with the distance from foci.  To ensure that the selected foci
provided more important sources of propaguics than a random sclection of other invaded
cells, | analysed the spatial patteen of cladode density per 1-ha cell in relation o the
distance from g randomiy-selected set of tnvaded cells. The corrclation obtained was
much weaker than with distance ffom sclected foci. [ was Lhus confident that 1 had
correctly fdentilied the most important sources of propagule supply and that distance
trom toci was a poud indicator of propagule pressure.

The density of (& sricie cladodes in |-ha cells was also the best available proxy
for aging stands, so density was used in reconstrueting Lhe invasion chronology. In the
reconstruction of the invasion chronosequence | ranked cells by cladode density and
divided the invaded cells into six caweporics (<200 201-504; SO1-1000; 1 001-29040;
2901-5000; and =3000 cladodes per ha) based on natural breaks in the lrequency
distribution of cladode density over the entire study arca. The spatial distribution of
categories was mapped 1o indicate the likely pattern of expansion of the population, The

areal extent of each category was estimated using the GIN software Arcvicw.,
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Figure 6.3: Snapshois of the reconstructed distmbution patterns at dillerent stages of
invasion ol ymentia steicta, | shows the known souece ol the invasive O siricta in the
Skukuza village. (a} = 3000 cladodes (13 cells), (b) = 2900 (26), {c} = HOO (103), (d) =
SO0 260), (&) = 200 (725), ()= 1 {5180).

Stutistical gnafyses

I'ree-based maodels provide an altemative 1o linear and additive logistic models for
classification and regression analysis {Bremnam ef «f 1984, Vayssieres ef all 2000). Tree
models successively split the daa 1o form homogeneous subsets, resulting in a
bierarchical ree ol decision rules usetul tor predicuon or classilication. This approach 1s
particularly useful  for  exploring  interactions  between variables (eg., between
environmental variables and propagule pressure). T used 5-Plus 2000 Proflessional
Ruelease 3 (MathSoft Inc. 20007 for fitting and examining classification and rezression
trees. The number ol podes was limited to H) as my primary interest was to identily the
tmain lactors steucturing the invasion patterns. A training set consisting of 75% of the 1ull
data set was used W develop the models. To (1 the model [ used cells where € sirfcia
was present and a random set ol 1-ha cells selected across the entire study area where £
stricta was absent, The number of absence cells was proportionate 1o the size of the

study arca relative to the area invaded,
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To explere the rele of environmental factors and  propagule pressure in
deternnning nvasion patterns of (2 sefera, [ oran classilication trees for specics
distribution and regression trecs for specics abundance {expressed as oumber of cladodes
pet ha)  For each model [ used a combinanon of chvironmental variables only,
environmental variables plus fire, propagule pressure alone (as measured by distance
freom primary and secondary toci), and then bath envirenmental variables and prepagule
pressure.  This was done to determine whether by adding a range of variables, the
predictive ability of the models was improved. and 1o tease out the most signilicant of the
varigbles,

The predicled distributions were generated using model results in Arcview
{verston 3.2% For presencefabseoce, model accuracy was determined by the percentage
of correctly classified cells, and the Kappa statistic (Cohen 1960). For abundance,
cladode density was reclassilicd into Bour classes {absenl: =25 6-100G; =100} and the
mode] aceuracy was determined by the percentage of cells elassified in the correct density

catcgory.

Resalts

Dristribuation patieris

By the vnd of 2003, the wwal range of (3 sefcra in the study arca covers about 40,600 ha,
altheugh only 3180 [-ha cells were mapped as invaded. The speeies has spread 183 km
rom the known source i Skukoza village (Fio 6.2c)

The reconstructed chronoseguence for €2 stricta invasion in the study arca
tndicares initial cxpansion largely within 8 km of Skukuza, with outliers at up 1o 14 km
(Fig. 6.3 a&b). Llater stages of invasion involve coalescence of satelbite foci and
colonization ol additional arvas up e 18 km from the source (Fig, 6.3 ¢-f). To determine
Hkely dates associated with different stapes in the sequence (a-fin Fig. 6.3) I plotied the
areal extent ol each stage on the curve of invaded area apainst time based on estimates of
total €2 stricta extent i the study arca collated by Foxcrolt & Hoflmann (2003). Thes
approach puls appreximate dates to the phases shown in Fip, 6.3 (a-f) in the tventy-year
period between 1980 and 2600 (Fig. 6.4).
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Figure 6.53d shews the distribution. of putative foct, representing 3% of the

invaded cells and were cstitated to be at least [0 vears ofd (Fig. 6.4
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Figure 6.4: Areal extent of cach stage of the invasion on the curve ol arca against time
based o cstimates of total (2 seeécea extent in the siudy arca, Inovasion stages refer Lo the
reconstructed disiribution pattern ilbustrated in Fig. 6.3 {a) = 5000 dadodes. (b) = 28010,

(23 = 1000, {dy = 300 {e) = 200, ([} = 1. v Indicares the source of the tnvasion al Skukuza.

Determitrants of presence/absence of Opuntia strictu

Only three environmental variables thabitar classes defined from satellite imagery.
distance from water seurce, and soil form)y clearly explain € stricta presencefabsence
{(lig. 6.3a&b). Seven out of 20 habitat ¢lasses were positively assoctated with O siricta
prosence.  Adding the number of fires pver the last 48 vears substantially improved my
ability Lo explain the distibution of € stricta (Fig 6,30}, Qemearia sieicta was much less
likely Lo occur i areas buent more than five times (Figo 6.3b), and at sites more than
about 1 kot lrom water sources, Model accuracy ranges from 33% (habitat classes and
distance from water sources: Fig 6.5a) to 67% thabial classes, lire and soil [onm Fig
&.5b) { Table 6.2).

Propagule pressure, approsimated by distance from primary and secondary foct,
was a much better predicwor of (2 swricia distribution than any set of environmental
variablzs. These 1we varabies  corrcctly  classitied 77%  of cells € steicta
prescneciabsence (Table 6.2). Centia serfeta is highly likely to occur at sites within 7.9

ki from the primary Jocus and 1.4 km [tom secondary Joct (Fig, 6.6).
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Figure 6.5; Classificanicn trec ol distribution ipresencsfabsence) of Opuniia siricfe based
ot environmental Gelors only {panel a) and environmental factors plus fire (panel b).
Rules indicated on top ot each splitting branches apply to the left branch, Values at the
rermiftal nodes tndicate predicted presence (1) or abseonce (0.

Table 6.2; Model accuracy of classification teees {used lor predicling presence/absence)
andd regression trecs (used for predicting eludodes density).  The percentage of correctly
classilied cells is indicated for presence, absence and density, Muodels were derived using
73% of the tull datasct,

Analysis Ya Presence o Absence "h Totul Kappa
Presence S Absence

Environmental varables exc, i eS| 4.2 32007 0,058
Fire

Environmental sarnables ing. 153 a3 776 (215
tire

Propagttle pressure only 78,30 1617 T6.39 11
Environmentil variables and #49.45 B3 a%.55 [.348
propagule pressere _ -
ladode density =5 =108 <300 Lolal

Prapagole pressyre only i1 B33 033 62,4 31.3 &
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Figure 6.6: Classification lree of distribulion (presence/absence) ol Opumtta siricia based
on propapule pressure,  Primary focus represents the distance (in m) from the orjgingl
introduction (o Skukuza viliage), secondary focn represent the distances trom mvaded
cells with =300 cladodes (see FHa 6.3d).  Ruodes indicated on top ot each spliting
branches apply Lo Lhe left branch,  Vafues at the terminal nodes indicate predicted
prescice (L or absence (0)

Determinants of abundance (cladode density) of Opuntia stricta

No environmental variables explained abundance patterns for € sifcta (only 14% of
culls classified in the correct catcaories), However, propacule pressure as measurad by
distance from foei was 2 reasonable predictor of abundance pattern (Fig. 6.7). About
52% of cells woere correetly classified. Cells within 170 m of secondary foci and 1.9 km
of primary focus have 212 cladodes on average whereas cells further than 1.4 km from
secondary foci have 3 cladodes on average (Fig. 6.7), However, no density category,
especially high-density, could be correctly identitied based on propagule pressure or
environimental variables.  The addition of environmental factors did not improve the
accuracy of rearession tree model based on propacule prossure only, 48 o envirommental

lactors were able 1o explain the occurrence of dense stands tar from any foei.
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Figure 6.7; Regression trec of abundance (cladode density) of Opuntia stricta based on
propugule pressure.  Primary [oct represent the distance {in m) from the original
introduction (in Skukuza village), secondary foci represent the distances from invaded
cells with =300 cladedes (sec Fig. 6.3d). Rutes indicated oo top ol each splitting
branches apply 1o the leli branch,  Yalues at the terminal nodes indicate the predicted
number of cladodes per | ha cell.

Spatial prediciicns of disteibution and abwadance of Opuntia sivicta

Bascd oo outputs from the classilication and regression trees, aboul 253% of the study area
iranging from 21 8% to 28.5% for different models) is suitable tor invasion by O, srricia
(Ftu, 6.8). LUlsing envicommentsl varables onky, suitable sites were dentified theoughout
the study arca (lig. 6.8a) whereas the addition of fire or propagule pressure provided
spatial predictions similar o the current range of & strdcta (Fig. 6 8b&e). High-density

mvaded stands were predicted only near primary and secondary foci (Fig. 6.8d).
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Figure 6.8: Spatial predhictions of distribution and abundance of Omerria stricta, hased on
cutputs drom the classilication and regression lrees, {a) Predicled distobution using
environmental varighles only, (b} predicted distribution using cnvironmental variables
plus fire, (¢) predicred distribution using propagule pressure only. 1d) predicted cladode
density wsing propapule pressure, Black dots reprssent (2 séricca distibulion data, and
grey represents predicted distribution.

Biscussion

The distribution of ipvading Omertia strfcta i Kruger National Park was weakly
comrelated with the selected set of environmental variables ot the study scale (sec Table
6.2}, bur the correlalion was improved when lire frequency was added. The lack of good
correlations between distribution and environmental features was not upexpected. A

previous study in the same area, using ondy about a quarter of the distrebution poeints and 4
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Principal Componeits Analvsis (Foxoerafi 20030, aroved at a simalar comelusion. Also, at
the scale of the whoile of South Africa, a bioclimatic analysis for (2 stricta based on
presence in guarter-degree cells showed that almost half of the area of South Africa,
Lesothe and Swaetland 15 potentinlly suitable for this specics (Rougel ef of. 2004). [n
KNP €2 strfeta prows inod very wide range of micro-sites, ncluding small rock crevices,
torks of trecs, and even on a corrugated iran sheet (L.C, Foxcrott, pers. obs), attesting to
the ability of the species o grow in a very wide runge of sites, 1t 15 thus not surprising
that a large part of the study arca, and probably KNP, was shown o be polentially
invasible for (2 srricia

Propagule pressure added constderable explanatory power 1o the distribution
models (environmental variables plus propagule pressure viclded an accuracy of 77%).
Propugule pressure was nol however, a very goad predictor of species abundance (44%,
of density classes correetly classitied, Table 6.2)  When considering the observed
contribution of propagule pressure on presence/absence, the following assamptions
should be comsidered.  Firstly, | assumed that the etfects of propagule pressure {the
spatal rmass effect) are adequately measured by the distuance 0 known and putative foci.
| scilected a sct of dense cells as putative foc based on the [requency distobution of
cladode density in cells. Clearly, the sefected cut ofl is arbitrary, and some cells or
clusters other than those selected may well have functioned as foci. Furthermore, the
approach clearly assumes that all imponant thel have been accurately mapped and that no
clhumps of plants that acted as foci at any stage during the invasion (30 years) disappearcd
belore the mapping i 2002-2003,  Despite the lnstory of control efforts directed at €2,
steicta, | am reasonably confident that these potential problems have not markedly
alfected the dataset,  To my knowledoe, no substantial clumps of (3 sfefcta have
disappeared, !Mad any clumps been substantially reduced through herbicidal control, they
would have guickly regenerated duc 1o the lack of [ollow-up measures.  Biological
control, although certainky assisting in management efforts, did not provide the levels of
control required (o result in a large-scale decrease in plant density,  Considering these
caveats, the role of propapule pressure guantilied in this paper should be seen as
indicative rather than absolute. | am confident that my approach s sufficicntly robust to

caplure meaningful contnbutions of propagule pressure towards population expansion,
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I made no attemnpl to explain the spatial position of the selected foci in the
landscape.  ‘their location is presumahly determined by dispersal events penerated
through movements of the tweo main dispersal apenis, elephants and baboons, bath of
which ate hivhty mobile species. Enfortunately, no data are available to model dispersal
Jdy nanues.

The fact that adding Lire [kequency during the ivasion history as a vanable added
substantialty (o the explanatory power of the model, suggests that fire frequency could
potential be manipulated as part of an mtegrated conrol programime. Afthough fice
ceology has reccived considerable auention in KNP, inctuding its rote as driver of
ecosystern variability (van Wileen er ol 2003) no work has been done on the fire
ecology ol €3 stric/a. The important cole of Gire in the model suggests that O stricte s
cxtremety fire sensitive. 1t is debatable whether fire frequency in management units
could be manipulated spectlivally o reduce O, serieda occurrence (van Wilgen ef al
20043,

This study bas demonstrated  that propacules pressute 15 an imporiant and
quantitiable driver of alien plant invasions, in a manner similar to that of Hutchinson &
Vankat (1997} and Rougel & Richurdson (2003). What are the implications of these
[indings for modelling and managing plant invasions? Uirstly, the results underscore the
major impertance ol 1solated Toci in population growth (Moody & Mack 19883 For
example, in the reconstructed invasion chronelogy, the isolated tocus at 15 km {rom the
primary source at a very earty stage of the invasion {Fig 6.3a, top right point) and the
cluster of foci 5 km north of the primacy focus at a Later stage of the invasion (Fig 6.3d)
have clearty been hugely important in producing the noticeable west-east and north-south
arms of the invasion pattern that remained evident in 2003 (1hg 0.30. 1 is likely that no
amount of data on seed dispersal dynamics of €2 szricta would ensure accurate prediction
of this pattern.  Only with the benefil of hindsight can the weight of such events be
apprecigted. Reparling managemem implications, the results supporl the already widely
stated notion that isolated loci are the most cost-effeclive targets tor management
intervention (hoody & Mack P98, Higgins & Richardson 9997,

ILis difficult to extend she findings trom this study to predict invasion dynamics

in other parts of southern Africa. or elsewhere. For example, nowhere clse do clephants
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(apparently the main seed disperser in KNP) move freely over such laree arcas. Other
parts of the world where €2 sfrictaz s invasive differ in so many respects from KNP that it
i unlikely that resulis from this study would be directdy translerable, or that insichis from
such studies will be much use tor understanding invasion dvmamics in KNP, lor
example, the well-studied invasions in Catalonia, Spain, take place in planted pine
forests, abundoencd olive groves and vineyards characterized by high levels of o range of
anthropogenic disturbances (Gimene & Vila 2002, Vila ez of 2003). Seed dispersal in
Catalonia was by birds (thrushes and starlings) and wild boars, Whereas perch sites for
birds in the invaded sites define regeneration micro-sites in Spain (Vila & Gimeno 2001 ).
dispersal by baboons and elephants is much fess likely to result in predictably clumped
regeneratlon micho-sies,

Management of invasive species such as £ seriera whose dynamics are 5o clearly
driven by propagule pressure, and where biotic and abiotic drivers are much less
important i probably much more challenging than for species where distribution and

abundance follow patterns that can be prodicied by such faclors,
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CHAPTER SEVEXN
WHAT HELPS QPUNTIA STRICTA INVADE KRUGER NATIONAL PARK:
BABOONS OR ELEPHANTS?

Abstract

Is Operatia stricra more frequent, and its patches larger, under trees suitable lor baboon
voosting?  f so, does it mean that baboons are major dispersal agents and that plants
established under these trees are important ol ol Opeatio stvicta spread? | surveyed an
area invaded by Opwartia siricin in the Skukuza region of KNP, The survey included
plots under potential haboon roosting trees, plots under trees unlikely 0 support buboons,
and paired randomly located open sites. The null hvpoihesis — trec-Opugtia spatial
independence — can be rejected lor dcacia wilotica, bul nol for Spirostachvs africano.
Opuentia plants are positively associated with Adcacia trees suitable for baboon roosting.
Howewver, there 15 ne sweniicant difference botween Tregquency of Opeefia under deaeia
trees suitable and unsuitable tor baboon roosting. It appears that all Acacia trees can
serve s nurse rees lor Opaetia. Compared Lo plots under deaeia rees, frequencies of
old and robust Clpwrtia plants are significantly higher in open areas and under dead trees,
While baboons may be responsible for long distance (prngia dispersal {over kilometres),
their role 15 not delectable at o local scale. On the other hand, elephunts scem to
contribute substantially to the local vegetative propasation of this species.  Opnmrio

estublishment and growth are more influenced by micro-habitat than previously thought.

" Publication status: Foveroil, L.OC, & Rejmaneh, 3. 2007, Wha helps Cpmtia stricta invade Kruger
Natonal Park. Suulh Africa: baboons or elephants? fowenad of Tppficd Vegetarion Scicnce 1k
26327
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CHAPTER 7 o b g WHAT PIELPS OPUNTIA INVADE?

Introduetion

Oountia siricrg {Hlow.) Haw, var, dillendi (Ker Gawl)y L. D, Benson (sour prickly pear) is
one ol the most impettant plant invaders in Kruger National Park (KNP Foxcroft er ol
2004), South Africa. This Central American species 15 also a major invader i Portugal
(Momreiro ef ¢f, 2005, Spain (Vila ef ¢l 2003), coastal southern China (Yan ef of. 2001).
MNew Caledonia, Solomon Tslands, Yemen, Lritrea, Lthiopia, and Semalia (G151 2005).
Olpuntia stricia is also a textbook example of successtul biological control in some parts
of Australia (Bodd 1940 Johnson 19827,

A considerable amount of work has been dong on control imd some aspects of the
biology of this species in KNE (see Lower 1997, Lotter & Hoffman [998, Hotfmann ef al.
1998 a.b, TTolfmann, Moran & Zimmermann 1999, Reinhardt e ol 1999, Reinhardt &
Rossoww 2000, Foxernft & tHoffman 2003, Foxerodl 2003, Chapter 63, However, the fact
Lhat no work has been done on the dispersal ceolopy of (3 strcta in KNP (Foxcroft o al,
2004) bas hampered general understanding of the invasion dyvnamics. Nevertheless, it is
well known that ripe fruits are maimnly caten by baboons {Pagdo wrsines Kerr) and,
oceasionally, by elephants {Loxodontu Africana Blumenbach) in KNI (Lotter 194993
Elephants are undoubtedly alse invalved o vegetative propagation of Cewtia through
dispersal of plant fragmentls that rool readily {as was also suggested by Lotter 1996).
Invasion of some other Opuntic species intreduced to Australia and Africa depends
completely on vegetative propagation (Auld ef af. 1983, Rejmanek pers. obs. ).

It has long been hypothesized that some clumps of Opanfia stricfa in KNP are
associated with trees serving as habom reosts (for example see I [l Hofmann in
Foxcroll et af 2004)  This woold mean hal Chaengi lants cstablished under wrees
potentially suitable for baboon roosung could serve as important dispersal {oci of this
specics. Even if some observations support this pessibility (Opwnia plants growing in
forks of major branches; Foxcroft ef ¢f. 2004) there has not been any systematic effort o
test this hypothesis. [ 1ested this hypolhesis in one Oprentia infested aren of KNI (See
Fig. 7.1). My main questions were: 1) is Omardiia siricta more frequent, and s patches
targer, under lrees suilable for baboon roosting? and. 23 it so, does it mean that baboons
are major dispersal agents and that plants established under these trees are important foci

of Opwiia spread?
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Materials and Methods

Study area

My study was located in the southern region of KNP near Skukuza came {(centre of plot
boing 25007537 8 and 31V587480 Y. The area is classified as the *Skukuza land Lvpe’
by Vepter (199)). The Skukuza land type is associated with the Sabie Wiver valley and
adjoining low-lving arcas. The arca is cenerally characterised by a complex soil pattern,
although generally shallow and of the Glenrosa soil form,  There is generally a dense
shrub laver with sparse erass cover, and frequently dense stands of Spirostacins africana
on the foot-slopes.

Sampling

Ficld work was condacted at the end of the dry scason between 27 September and
2 October 2005,

Only two trec species, eacia nifedfea (LOWIlld, Ex Delie subsp. Arawssiorea
(Benth.) Brenan and Spirostackys africana Sond., contriboted to more than U0% ot bree
individuals in the area invaded with Opwrtia stricta, In the study area of appreximately
3340 x 380 m, sixty trees of Acacia and sixty teees of Spirostachys were found o be
morphologically suitable for baboon roosting (strong branches- with 2 minimuwm diamcter
ol 5 em, =20 Under cach trec. a circular plot, with the radius comesponding 1o the
extent of branches that could potentially support baboons (4.3 to 2.5 m) was searcied for
Opuntia planlts.  Opusfic palches woere only recorded when thetr centres woere situated
within the defined radius,  T'he size of the (lpumria patch was quantified by two
perpendicular measurememnts of their diameters.  The arca of individual patches was
estimated as mt{dy | d:¥4¥. where d; und ds are the twa perpendicular diameters. with d,
on the longest axis. For cach trec-centeed plot, ong relerence circalar plot, of the same
radius was [ocated in a random direction 3 m away from the tree, and analvzed in the
same way for Opunda presence/abundance.  IF more than one patch ol Gpuntia was
prescil their arcas were combined. It the randomly located plat was situated under a
canopy of another tree, a new random direction was chosen.  Shrub cover in each plot
was visually estimated and the diameter at breast heizht (dibh) of trees measured as well,

Clpnfrar plants were classified into three robustness categories: | — “voung’.

-

relatively small plants consisting of less than 10 cladodes: 2 medium size plants; 3
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abviously older plants, consisting of maore than 30 cladodes, =54 em tall, or parts of large
(=10 em diameter} basul stems visible,  As frequencies of Opertia in the Spirostacivs
dominated area were relatively low (see Results), the data on Opumtia plant robusiness
were analyzed only lor dcacfe plots and comresponding open plots.  In addition, 14
COpunfia populations under dead Acaeia trecs were also evaluated for plant robustness in
the same area,

To separate the eftect of microhabitats created by the trees themselves, 60 plots
under deweia trees obviously unsuitable for baboon roosting (thin. very dense brunches)
were analyzed in the same manner, including paired reference plots. In this analysis, hall

ol the deacia crown radius was consistently used as a radius for sampled pairs of plots,

Darg analyses

Fhe data on frequency {presencesabsence) of Opuadia plants in analvzed plots
were summarized o lwo by two contineency ables and the null hypothesis of tree-
Chauatio spatial independence was tested using the chi-square test. Strength of
interspecific association was measured as Q (Piclou 1977). The cocfficient ©Q is equal 1o
—1 when at ieast one of the two species is never present wilh the other one (complete
negative association), and is equal 1o +1 when at least one of the two species is always
presenl with the other one (complete positive association). Robustness of Opuatia plants
{three catesories) in three habitats (Aeacia, open. dead Adcacie) was analvzed as a three
by three contingency tuble. To compare mean areas of (prorrdfa patches under trees and
in reference open areas, the paired t-lest was used 1o analyvze the pairs where Oprertiar wis
present in both the tree and corresponding open plot. The paired ttest was also used 1o
test differences in shrub cover under deacia trees and 1n corresponding open plots. The
relationship hetween puwndia presence and shrub cover was tested using logistic
repression.  For all statstical analyses 1 oosed StatView 30,0 (SAS [nstruments Inc.
1998).
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Kesuolts

‘The null hypothesis, tree-Oprardice independence., can be rejected for deacia miloiica (p <
0.002: see Table 7.1 for a stummary of frequency data), 1t can nol be rejected for
Spivnstachys afvfcare. Here however, even if the overall Trequency of Opantie 15 very
livw (omly 200 presences were recordoed i 120 plots), there 15 a tendency for Opustia to be
presemi under Spirostachps wees rather than in open arcas, ‘Fhure is also a tendency for
Opuntia patches W be larger under Acaeia trees compared to open areas (4.7 oy vs, 3,11

ml}. However, the ditference is not signilicant {paired -test, 1~ L6, df — 21, p = 0.076).

Table 7.1: T'wo by two contingency fables summarizing lrequency (presence’absence) of
Oprrrifa plants under trees suitable for baboon roosting.

Acocia nifotica Spivesriac s ofricana
Present Absent Present Absent
Cheneen iz Present 4t 24 1 7
stvietd Absent 9 36 47 a3
X2=97, p- 000 X=—=116, p=0,H
=SS = nol significant

=2 posilive associalion

The overall heterogeneity of the ltequency data on Opuasia plant robustness,
summarized in a three by three continpency table {Tuble 7.2), is highly significant {X- =
483, p — 0.0001; Table 7.2).  Obviously, the source of the contingency table
hueterogencity s the bow frequency of the laroe plants (ihird category) under deacia trees.
There is no significant difference in frequencies in open arcas and under dead trees; both
habitats exhibit a leh requency of old ind robust Opraria plants. Therefore, even if the
trequency {presenced of Opuaria under Acacia trees is higher than in open arcas and
mcan Opeadia pateh size also seems w be Jarper under Acacia rees, Opuatia plants are,

an average, more robust and, presumably, older in open arcas and under dead trees,
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Table 7.2 Uiree by three contingency lable summarizing frequencies of the Lhree
Oprontia robustmess categories (small, medium, large) in the three habitats. Numbers in
parenthesis are expected frequencies,

Habitat
_Aeacia difofica Open areas Deud A, wifufica
1 18 (8.6} 2 {8.6) (2.7
Opunfic 2 25 115 9 {15.1) L {4.8)
robisiness 3 L7 {36.3) 49 (36.3) 8 11L3)

Frequency data on presence/absence of Opentia under dcacia trecs not suitable
for baboon roosting and in the paired open plots (Table 7.3) again shows that the puli
hypothesis, Acacia-Opuniia independence, cun be rejected (p = 0L001),  The overall
frequency of Cymentier plants in this analysis is somewhal lower. However, this can be
casily explained: because the trees not switable for baboon roosting were in gencral
smaller. with mean dbh — 139 (vs. 21.2 cm), the meuan rudios ol scarched plots was also

smabler (.99 m vs. 1.66 m),

Table 7.3: Two by two contingency table summarizing frequency (presencefahsence) of
Opuntic plapts under 4cacia trees not spitable {or huboon roosting.

Acecia nilotica

" )  Present _r"aﬁs.ent
Clpuntic Present &7 14
STRCHT Absent 23 41

_ }EZ = 1085, p= 00010, Q= (L35 2 posilive association

Discussion

The first important conclusion from this study is that even i populations of Acacio
niforica subsp, Araussiana and Spirostachys africana are mixed to some extent. patches
dominated by Spirastachys are much less intested by Opunfia than neighbounng pulches
dominated by Acacia (Tig. 7.1). Cven if Spirostachys trees seem to be morphologically
more suitable for baboon roosting than Aeacia trees (crown radii significantly farger. no
spioes, and more horizontal branches) and baboon feces are olien found under them,
signilicantly lewer Opwrtia palches are under Spirostachvs. The rcuson for this

difference may be more intensive grazing under Spirostaofnes trecs (sebstantially more
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heaps of peltets are tound here and grass grazed completely o the sround: Toxerait &
Rejmianek pers, obs.t and associaled son erosion (denudated tree roots and other recent

crogion phenomena; Foxeroll & Repmanek pers. obs.)

Figure 7.1; Opwenaiiiz sericti invasion in Kroger National Park. The Opuntia stricta !
Acacia nilotca association 18 visible in the background., while no plants are visibie at the
base ol the Spirastacivs africana tree (Tront, right}, (Photoeraph: L.C. Foxcroft).

The second conclusion is that there 1s higher frequency (presence) ol Opuntio
plants/patches  under  Acacie  trees sutable lor basboon  roosting  compared o
corresponding open areas, ‘This could be explained either as a resull of baboon sced
delecation [tom their roosts, or as a habital modification of by deacia trees, Obviously,
these two factors are not mutually exclusive, Howeser, ([ there s any beneficial Acacia
habital effect {e.g., shading and/or nitrogen addition). this would have 1o be imporant
only in initial stages of Opuatie plant establishment because plants in open arcas and

uneler dead teees arc. on averaee, sionificantly more obust.
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The analysis of Qonntia abundance under Acocia trees unsuitable for baboon
roosting sheds some Light on this intriguing question. As there is virtpally no dilference
between resulls presented in Pables 7.1 and 7.3. 1L may be ¢concluded with a high degree
ol certamty that cstablishment of Opaacia plants, cither from seeds or from elephant
dispersed cladodes, is signiticantly facilitated by the micro-environment created by
Acacia rees. A study on an deacin schaffreri - Opuntia strepoanthe association in
southern Chibwahuan desert (Yeaton & Romero Manzanares [986) hypothesized that
either €, strepeantha (an erect platvopuntia, as is (2 steicia) ullized the increase in
available nitrogen or shade preferences explained their habitat preterences. As Opwatia
plants in open areas are significantly more robust, it does not seem Lo be increased sol
nitrogen content but protection ol younyg plants from direet solar radiation that facilitates
their establishment.  Similar results were reporied for the native cactus Neobuxbhaumiu
fetefzo in the Tehuacan Valley, Mexico (Valienue-Banuet & Eecurra [991), Tt secms that
while Cactaceae are a xerophytic family par excelfence, propagules of some specics in
this tamily need shade of nurse planis for their successlul estabbishment (Armiaga ef of,
1993, de Viana et of. 2001). In addition, there is one more factor potentially involved in
the Opatia cstablishment progess in KNP, The mean cover ol shrubs is signilicantly
higher under Acaeia trees (29.1%) compared with open areas (160.6%: paired -lest, 1 =
4.9 n — 120, p <08y Therefore, not only Acacie shade, but also shrub shade may
contribute 1o survival of voung Opwatia planis. Moreover, shrubs may also protect
Opmentia scedlings agamnst grazing, Nevertheless, logistic repression did not reveal any
dependence of Clpunia presence on shrub cover under Acacia trees (p = 0.70). Similarly,
there was no relationship between the towal arca ol Opuwriia paches and shrub cover
under Acacia trees (p = 0.31). The higher cover of shrubs under Acacia trees may
indicate that habitats under them are also more sultable for establishment of other
perenmial plants than (pasiia,

As | ondy Tound a very few seedlings in the course of this research (<109, | believe
that propagules primarily involved wn the spread of Opuntia at this level of infestation and
at this spatial scale are in wore than 20% of cases individual Opurfic cladodes or
tragments consisting of a several cladodes. These are dispersed short distances.

presumably up to 10 m, by elephants walking (hrouch Opunfia stands. Most ol the

FHOXCROFT, 2T, PATTLREN AND PROCESS UF ALTEN PLANT INVASION. 135



CHAPTLR 7 WHAT HELPS OPUNTIA INVADE?

dispersed cladodes readily rood and mive nse o new plants. [ Tound that out of the 50
randomly collected cladodes, 31 had foermed roots and most Itkely will survive. Further.
cladiodes that had naot formed roots appeared as thought they had maostly been deposited
recertly,

Seed dispersal by hirds can not be excluded. However, dispersal of (2 sfeicta by
birds seems to be negligible in Spain {Gimeno & Vila 20027, While some other Opunria
species in South Africa are dispersed by crows (Dean & Milton 2004)), there 15 not any
indication that that €2 strfcia is dispersed by birds in KNP, Further, there s no other
evidence of utilization by any other animals. My overall impression is that baboons may
contribute e lopg-distance dispersal ol Oprertia, but satisfictory evidence s still not
available, O the other hand, once Opwsira plants grow to the stape of several cladodes, |
am certain that elephants are the key dispersers, through the action of breaking off and
dispersing Cpaeria tragments, Thas then promotes coalescence of individual patches and
overill Opuafia-homogenization of the habital suitable o establishment of this species.
Lo, With sparse tree cover and exposed to intermediate disturbance {moderate grazing,
and unly light soil eroswnd,

This, of course, is o very unfortimate situation because landscapes with thesc
characteristics are common, il not prevailing, in KNI and elephants are an integral part of
the system. Betection and eradication of new isolated foor should have a highest priority
(Rejmanek & Pitcairn 20020, Allempts wo conteol Opantia stricra biologically with two
herbivorous insects Cactoblastis cactorwm (Bergroth) (Lepidoprera. Phyeitidac) and
Dacolopiuy opurrtiee (Cockerel) (Homoptera, Dactyvlopiidae) had net been suecesstul in
KNI Fortunately. the new hiotvpe of £ opamitive (“stricta”) was imported to South
Adrica, tested and reteased in KNP in 1997 This biotype has become abundant in the
vicinity of the release sites and has caused considerable local suppression of €3, siricta
(Halfmann e ef, 1999) A massive Doctvlopiny rearing operation is currently under way
in the KNP, As mechanical and/or herbicidal control of all Opurmia species 1s very

ditficult, biological control, il suceesstul, is the only possible solution in this situation.
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CHAFTER EIGHT
BEYOND FILLING THE GAPS: ADVANCING THE SCIENCLE OF PLANT
INVASTON ECOLOGY USING A NEW CONCEPTUAL FRAMEWORK'

Ahbstract

The ecological and economie impacts of biological invasions are increasing, The ability
tiy predict and manage invasions however is lageing, Altheough advances have heen made
in understanding the mechanisms underlying invasions, these are mostly case specitic,
with Little generality, The understanding of and rescarch on invasions is also in danper of
hecoming increasingly fragmented and frequently dizassociated from the rest of ecology,
Conceplual frameworks and models have buen successtully used in developing new
understanding of ecological phenemena such as ecological boundaries and spatial
heterngeneity.

I deseribe a framework and maodel template that contextualises the key
compenents and hnkages in e plant invasion precess. This new lramework s inclusive
in order to generalise across invasive species, systems and scales, and te provide a
structure tor svnthesizing research in invasion ecology.

| use an example ftom Kruger Nauonal Park, South Adrica, 1o lunther sepeest how
this framework can guide management response to plant invasions.  The suggested
framework provides a slruclure W ofacillitale svnlheses across scales and situations that
might promete generabization, B is general enough to provide a common understanding.
while al the same liowe, providing the mechamsms that can be specilied to answer
questions about particular invasions. | sugpest that application of the framework will

lead te betler integration and undersianding ol alicn plant invasions.

" Publication status: Foxcreft, 1.0 Pickett, $.T.A. & {adenassg, ML, 2007, Mevond lling the paps;
aclvancing the science of plunl 1nvasion scology using a new coneeplual framework. Toe be
submitted to Feosvsrems.
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Introduction

Biological invasions are incrcasinely widespread phenomena. threaiening the inteority
und functiomng of ccosystems (Wilcove ef af. 1998, The SCOPE (Scientific Commttes
on Prohlems of the Envtronmenty programme of the [980s Jocused on biological
tnvasions { Drake ef af. 1989), and sought w idenaty the adributes that allow arganisms to
invade and the features that make some environments more invasible than others. This
programime made progress in specilic cases (Rejmanek e af. 2005). However, atllempts
to link the characreristics of invaders and the recciving environment in models to provide
a cenerdl understanding of the invasion process have been largely unsuccessiul (e.g
YVermel) 19963, This has led o the sugeesuon that 1T 1s unrealistic to cxpect eeneral rules
to emeree for predicting potential invaders and susceptible environments (e.g. Crawley
1987, Gilpin 1990, Lodpe 1993, Vermei) 19963 [t is arpued thar the complesity of
interactions between the potential invader and the receiving environment precludes
sencral predictabitity (Roy 1990, Delarcari & Naiman 1994, Burke & Grime [ 995, Pysck
& Pyviek 1995, Thompson er @f, 19931, Lxisting theoretical models of invasion cannoi
handle such complexity and have not been of much heuristic value (Crawlcy [987. Gilpin
| 990, Lodee 1993Y. In addition to this, it has been arpued that disassociation of invasion
ecology from the rest of ceology, in particular succossion ecology, has contributed to the
lack of developing reliable generalizations (Davis ef of. 2000 2005).

Atempts o syathesize current knowledoe have tocused on deviluping commuen
understanding of lerminology and concepts. For example, it is suppested that due to the
passible anthropocentrie association of “invasion”™ and the oetion this invokes. the feld of
invasion ccology has had a proliferation of terminolopgy and concepts (Richardson ef aof.
20004, These are frequently confuscd and misused. The “barviers or naturalization —
transformation model” supgested by Richardson e of, (20000 hetps order the conlusion
and clarify rerms. 1nis probably the most widely ciled and most uselul current conceptual
understanding of the invasion process. The Key advancements provided by the barriers
madel are 1) defining the various terminologics more precisely and, consequently,
leading o a much needed common understanding, 2} providing insight into the controls
on suceesstul establishment of an alten species, and 3) clearly artculating the net effects

of invasions, which result in vsefully ditferentiated states of the system. | cast the
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barriers model into a tlow diagram format (Fig, 8.1) which clearly indicates the barriers
associated with cach phase or term, and theretore the resulting state.  How specices
respond to each of the successive barriers will determine their degreg ol invasion success,
as well as the lenminology that should be associated with a specific invasion, While this
and other work (e.g. Heger 2001, Colaut & Maclsaac 2004, PySek ef al. 2004) has
provided a tmore neutrai and shared understanding of the concepts und terms. a hoew
tramewaork for the invasion process may provide additional mechanistic insights,

[ describe in detail three coneeptual tools to expaose the mechanisms ot invasions
and to integrate across species, systems and scales, These tools inelude 1) a framework
(o articulate and orgamize the causal factors. 23 a model template to suggest gencral
relationships among causal factors in the framework, and 3) working models to apply the
framework to specific cases. | suggest a novel framework aimed at understanding the
invasion process.  Uhe framework complements the barriers model of Richardson of al,
(20000 and incorporates mechanizms driving | the invasion capabilities ol a specics, 2)
the nvasibility ef a particular system and 3} the intluence of the spatial and temporal
context of the system.  This famework 18 purposclully comprehensive and inclusive ot
systoms, plant species and scales. The comprehensiveness of the framework 1s suggested
by the Fact that it addresses the various =itc specific conditions, species characterisies,
and hiotic interactions that are identified by the general theory of succession as important
Lo species Ivasion, establishment. porsistwence and demise (Pickell & Cadenasso 2004),
The framework | propose places these processes of community assembly and change into
the context o invasive species. [ begn my detailed exploration ol this new [tamowork
by reviewing the nuture and role of frameworks. | also discuss the value of conceptual
iTameworks for organizing and synthesizing a body ol literature as well as [or idengfving
the gaps in knowledpe to suggest important research arcas,

T then present the specifics ol the [famework [or invasions and describe its
components. | illustrate how to operationalise the framework, using the cxample of the
invasion of Opuwifa srfcia in Kruger Natonal Park.  This example will be carried
through additienal scetions of the paper. | also sugeest how the [ramoework can not only

oreanise and guide rescarch but alse guide management decisions and interventions,
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Future dislogoe between scienee il management can relme the Tramework as greater

imderstanding is achieved.
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Figure 8.1: A flow diagram of processes and associated eominolosy used ninvasion
ecology. The lett hand column shows the switch points in overcoming sequential barriers
to ivasion. The barriers are gevgraphic, reproduction, wide disperzal. and environmental
alteration. The righl hand colwmn shows the terminolopy that is applied to species that

successtully pass each kind of barrier. Abstracted from descniptions in Richardson ef af.
(2000},
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A new comcepinal tramework for plant invasion cealoey

Value of concepiual frameworks

Conceptual  frameworks are powerful iools to orcanise and  evaluate  concepual
advancement in an area ol study {Pickett ef of. 1994), The strength of the framewaork
approdch lies on the basis of providing a common understanding.  The insichts gained
from specifying how the general components identified by a framework apply in detailed
situations can then test the general undeystanding of the processes, by comparing across
teglons and management agendas.  Understanding ol ecolozical sysiems has been
advanced by many conceprual frameworks (Pickeit ¢ af. 1999), with notable examples
bBeinge the ccofosical boundary (Cadenasso ef e, 2003) and succession  frameworks
{Pickett ef e, 1987, Pickett & Cadenasso 20049,

There s a trade-off between specificity and comprehensiveness within a
tramewark, but both can be accommiodated by a hicrarchical siructure (Cadenasso ef af,
2003). Frameworks are hierarchical. in that the high level processes are decomposed into
lonwer level, more specitic mechanisms.  For example, case specilic investigations will
necessarily call for detailed causes and mechanisms, while constructing generalizations
will call for more broadly comprehensive mechamisms. The higher levels of g framework
are more abstract and therefore more generalisable. ‘Thercfore, framewarks identify core
concepds and processes that muost be operationalized for different svstems and seales

through specitication {Cadenasso of al. 20031

Navel framewark for the Invasion process

The proal ol this [ramework 13 w understand the invasion of habitats by alien plant species
{Iig. 8.2). At the middle hierarchical level. the invasion process is divided into the three
contributing components, 1) species characleristics, 2) system context, and 3) system
susceptibility, Of course, Drake e af. (19849) already identified two important aspects of
the invasion process, namely. atributes thal allow organisms to invade, and features of
the receiving environment that make some cnvironments marg invasible. However, the
relationship between these components was not specific, and lacked the broader spatial
context. In addition, the biparlite framework ol Drake et el {1989) can be interpreted as

an “either-or” approach 1o the wpic, suggesting competinge alternative hypotheses rather
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i. Compaosite processes:

Iavasina of hahitats hy
alien species

1. Contributing processes:

Species characteristics Sysiem contesl myslem susceplibiliny

iii. Specific causes or mechanisms:

|. Propagule production 1. Connectivity 1. Local vector presence

2. Dispersal mode 2. Pathways 2. Predation [ consumer

3. Defences Inc. number of repeat pressure

4. Resouree demand arrivals [ne. coemy releass

A, Compelitiveness 30 Yeotor elficacy 3. Resouree availability

(. Keed-banking 4, Global climare change ne. disturbange regime,

7o Seed siee fire regime. empy niche
4. Patchiness / gaps

i

Bioclimatic suitability
Mative specics nchness

=

# Numhers are cross-reverenced to the itcrasore cited i labkle 1

Figure 8.2: A framework lor invasion ceology, The htghest level ol the lierarchy
identifies the general processes of interest. 'The second level down identifies the three
broad kinds of contributing processes that can aftect the success or failure of invasion in
any particular case. Lach of the three mid-level processes is disaggrcgated inwo ils
component causes or mechanisms on the lowest level of the hierarchy. The mechanisms
arc numbered to carrespond to the supparting fiterature for cach. listed in Table 8.1, The
numbering docs not imply 4 ranking of imporlance among componenis.
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Sprecies ehavacierisfics
Species characterisucs refer to those traits of a potential invader which controt how
invasive it may he, such as propagule production and compotitivencess (see Table 8.0 for
references relating to specics characteristics). These traits are inherent properties of the
specics and repwlate, 13 concert with ather lactors, the prominence of the specics in its
area of origin. Many of these wraits were suggested by Baker (1963) as the traits of the
ideal weed, Howewer. it has been suggested that these traits may nceasionally respond in
a different manner when mtroduced o a oovel environment.  In other words, specics
which may be refatively rare in the arca of erizin may become angressive invaders when
introduced into a new environment. The physiological limitations of a species witl have
an influence on the degree o which the specics may respond o prevalling conditions.
These variahles are typically generated through autecological stdies. which are aimed at
understanding the species 1isell, This will undoubledly impact on the ability ol control
and monitoring, and needs careful attention from the managemenlt agency when planning
operalions,

Svstem context
Svstem context ix considered al a coarser spatial seale, and gencrally focuses outside the
system that might be invaded. ['he context provides the linkages hetween the various
systems supplving or transporting potenial invaders and the Targct svstem. For example,
ballast water transters (Carlton 985} are pathways of invasion which provide the
confiection herween a source enviromment, the inherent traits of the invader and features
of the receiving environment.  1f the context of the receiving environment did not include
ballast waler transier, mvasion would be impoeded.  Even when batlasi waler Lransport
exists, the detatls of how it functions becomes an additional factor of context.  For
example. the increased speed of ships allowed more potential invaders riding in hatlast
water 1o survive the shorter vovages. The context chanped based on the nature of the
vovage, which is external to the receiving svstom and difterent from the species
characteristics per se. Clearly, the pwo interact.

The system condext differs lrom vector selence (see Carlton & Buiz 2005) i that
veclor science fecuses onoone aspect of systemt context, namely, human-mediated

movement of living orgamisms, Vecwr science therelore includes, amongst others, cause,
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route, vector and vector streneth,  While these components describe the particular
pathway. the swvstem context provides a broader understanding of how the species
charactetisties and the susceplibliity ol the system relate to one another.

Comnectivity is a key aspect of systemy context. Bt s both structural and
functional. Structural connectivity refers 1o the arcanzement of habitats on the landscape
adjacent to cach cther. while functional connectivity refers to the inleraction hetween the
habitats that may promote or impede transtor between patches,  For example the
connectivily between niparian and upland habitats may be due to structural differences in
the vegetation. o due to functional factors such as the differential activity of dispersal
agents belween the two (Cadenasso er of. 2003, Pathways explain how a spocices is
transferred toa new haboar (c.e baltust watery and also includes the number of repeat
arrivals at the destination. The number of repeat arrivals indicates the probability of the
Ivasive specics reaching whatever site or conditions that are required for establishment
in the system. such as open patches and sufficient resources.  The higher the number of
attlemplts, the higher the bkelthood ol soccess of landing in the site or resource level
appropriate for successful establishment, 1inked to this is the introduction of ornamental
plants which subscquently become  invasive, Ohrmamenlats plants will osually be
introduced, cultivated and dispersed in large numbers, increasing the likelihood of
becoming invasive, Vecter efficacy refers to the ability of the available vectors to
successfully disperse or aid the dispersal of the species.  Global climate change is
suggested as a driver which wilt cither promote or impede specics becoming invasive.

The contextual component of global climate change affects the hospitability or
existence of pathways between source arcas and potentially invasible sites. For example.
a pathway may open up due to a shill in vegetalion patterns, or due o the release from a
previous fimiting factor, such as minimum emperatore or moisture regimes along the
migratory pathway.,

Svatern suscemtibility
System susceplibility refers 1o those aspects of the receiving environment that cither
promote or smpede the invasion process. such as resource availabilily, local vector
presence and predator or consumer presence. This s therefore a measurable leature

within the system or time ol interest, and can be assessed by the investigator {Fig. 8.3).
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Linlike variables of system context, those of system susceptibtlity are spatally und
temporatly localized within the potentially invasible system as delined by rescarchers or
managers.

The susceptibility of the system may be the result of a number of factors. The
presence of potential vectors once a species has cstablished inoan area may rapidly
promote invasion success. Predator or consumer pressure may minimise the chances of
mvasion it generalist predators or consumers within the site can utilise the new species,
However, the absence of generalists may invoke the hypothesis that plants that are
released from natural enemies, in aceord with the “enemy release’ hypothesis (leane &
Crawley 2002), allow for incrcasced mvasion potential. Resource availability determines
the cxtent to which the species requirgments are met within the site, and may be
influenced by various other factors such as disturbance and fipe. Patchingss or open gaps.
gspecially of anthrapogenic origin, are ofien associated with nereased invasions (Alpert
el af. 2000, With 2002, 2004, Table 8.1). Where stable communities are altered. these
caps are freguently colonised by non-native species.  Bioclimatic suitability refers 1o
broad similarittes in the leatures of the reeciving chvironment to those of the arca of
origin.  For example, maiching the climatic needs for a species occuring i
Mediterrancan (vpe ccosvsiems in one arca may provide insight into the potential of the
species 1o invade other Mediterratiean Lype ceosystems clsewhere (see Brundu ef of, 2004
for an cxample).  Native species tichness has freguently been sugrested as a vusefil
predictor of nvasion polential in a site (see reflerences in Table 8.1 However, studics
report contrasdictory conclusions (Kennedy ef af, 2002, Stohloren e of. 2003), due w the
specific nalure of the cases and the lack of consideration of other interacting variables.
Geographic or landscape variables of the sort 1 include under the calcgory of system
context are potentially important contributors to the ability to generalize about the effects

ol species richness of the receiving site,
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Figure 8.3: Conceptualizing mvasion as determined by comditions extlernal Lo the
potentially invasible site, conditions internal to that site, and characteristics of the
potentially invasive species. Whal (s cxternal versus internal. in time and space, depends
on the boundaries set hy the research maodel or the management goals. Given a model of
the svstem that detines convendent. jurisdictional, or natural boundaries, this list of
peneral kinds of influences on invasion is logically complete. A [ramework elaborating
these three teatures would therefore be comprehensive.

Table 8.1: References illustrating work in particular arcas of invasion bivlogy, The
references are organized by the three components of the invasion [rmmework: specics
characteristics, svsiem context and svstem susceptibilitv. The numbers in frone of cach
reference refer to the numbered mechanisms in Figure 8.2, This compilation is by no
means a conclusive list. Rather the reterences are shown for illustrative purposes,

No  Referemce P ——
Species charaeteristics

I Rejmanck |996, Rejmanck & Richardson 1996, 13" Antonio ez af. 2061, Foster
2001, Holmes 2002, Buckley er of. 2003, Lovine ef of. 2003, Colautti & Maclsaac
2004

2 Hevwood 1989, Higgins of af. 1996, Rejmanak 1996, Higgins & Richardson
1998, Vila & D'Antonio 1998, Callaway & Aschehoug 2000, Campbelt & Gibson
2000, Pakeman 2001, Nathan ef ol 2002, van der Wall 20002

3 Hutchenson 1998, Sieman & Rogers 2003
-+ Alpert e af, 200080, Leishunan ef of, 2004
3 Bakker & Wilson 2000, Corbin & D'Anlonio 200k, Reinhardl ex of, 2004, Vild &

Weiner 2004
iy Tolmes 2002, Christan & Stanton 2004
7 Rejmanck & Richardson (9%, Buckley ef af. 2(H)3
System context A s —_—
] Beichard & White 2001, Gelband & Belnap 2003, Foxcroft ef of. 2004, With 2004
a Retchard & White 2001, MceKinney 2002
3 Foxerodl ef wd. 2004
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4 Dukes & Mooney 1999, Stohlgren er af. 1999, Stachwicz ef «f. 2002, Kritikos ef
af. 2003, Weltzin er af. 20003

I Froxcroft ¢f af. 2004

z Poer-Richard ¢f of. 2001, Keane & Krawley 2002

3 Liabhs 1989, Hobbs & Heunneke 1992, Mack & 12 Antonio 1998, Holmes eof of,
2000, Berlow e wf. 2001 Grace ef af. 2001, Brooks & Pyvke 2002, Cannas ef al.
2002, 1 gishman e¢ af 2004

4 Alpert ed ad. 2000, With 2002, With 2004

3 Hobbs & [luenneke 1992

& Huston 1994, Crawley of of, 1996, Planty-Tabaccht ¢f of, 1996, Kennedy ef af.

2002, Stehlgren ef @l 2003, Cleland ef of, 2004

(perationalising the framewark- g species specific example
The overriding poal of the tramework is (o understand the invasion of habitats by alien
species. [ apply this [ramework to a specilic case n an atlempt to understand the
invasion of Kruger Natonal Park (KNPY by Opuatia siricta, KNP is one of the world's
premier conservation parks and mvasions are 4 key management concern {|reitag-
Ronaldson & Voxeroft 2003), For thes application of the framework, the zeneral goal can
be restated indo a more focused question: “What controls the invasion ol KNP by (2
stricia’?

Opmirtice sivicta is regarded as one of the most serious invasive plant specivs in the
KNP, ecovering an arca of about 80 004 ha (Chapter 2). This species has been relatively
well studied (Holtmann ef of. 1998a.b, Lotter & Hoffmann 1998, Foxcroft & Ileffimann
2000, Foxeroft 2003, Chapter 2) and some studics invoked factors such as lack of
consumers o predation pressure (Foxeroft 20031, propagule production (Chapter 2) and
vector elficacy (Lotter & Holfmaon 1998, Foxcroft ¢f @f. 2004) as the mechanisms
underlying its invasion.  The lramework, however. indicates the potential for
mterpelatedness among Lhese factors which inveke all three framowork components, The
potentially invasible sites exist as a varicty of distinet areas or habitats within KNP, The
relevant specigs characteristics are the production of highly viable seeds as well as an
ability to propagate vegetalively, ‘The most important [eature of system susceptibility is
the relatively dey and open nature of the KNP sites, which are amenable to O, stricta

cslablishment and growth, while the systein conlext 1s govemed by the efficacy of the
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baboons and elephants as dispersal vecuws between habitats in KNP, These threc
components of the framework combined have led to the successtul invasion of £ siriera.
Any study attempting o exphlain the distribution and spread ol £ sirfczg without the
combined interaction of all three components will most likely fail to unravel the invasion
dynamics.  In other words, understanding how the invasion process takes place reguires
not only understandme the two tucters identfied by Druke er of. (19890, 1Le., species
characteristicys and the nature of the recetving stle, but also spatially external. contextual
variables.

The framework further helps to discriminate the net effects of invasions. or the
onteomes ol the vartous mechantsims of invasion, from the meachanisms themselves, One
such complex etfect is propagule pressure, which is gaining interest 05 a mechanism of
explaining invaswon patterns (MeKinney 2002, Rouget & Richardson 20033 b, Pauchard
& Alaback 2004, Lockwoed ef af. 2005). However, propagule pressure (s an intetaction
af distance to source, amount of propagules produced. connectivity (spatial arrangements
of patches and veciors) and time since arrival, [n essence. propagule pressure ageregates
features of speoies characteristics, system geographie eontext. and the within sile
demaographic dynamics, In a similar manner, “lug-phases”™, which are commonly refomed
to i invasion ecoloey lierature (sce Binpueli 2000, Pysek ef &f. 2004), are an aggregale
outcome rather than a mechanism ol invasion, The time taken to observe the rapid spread
phase is an interaction between the characteristics of the species, the susceptibility of the
systemn and the system context. In addition, the issue of detectability may play a rote in

Lthe phenomencn of tag phases,

A muodel for invasion ecology

A broad and inclusive framewaork, such as the one | am proposing, can be aperationalised
by using o model template which clucidates the gencral kinds of relationship among
lramework components. This is done in an absteact manner and can later be apphed o a
particular situation by specifyving the components of the model for that case. | use the
basic “Mlow chain™ approach (Shachak & Jones 1995) o progress trom the inclusive
framework 10 o model template tor invasion ceology (Fig. 843, The components

identitied in the framework (Iig. 8.2) are ptaced into action in deseobing the change
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between State |and State 2. Fhe state changes may be described for the specific case by
the investigator. and thus are abstracted in the model template W represent any existing
(State 1) altered (Stae 2} or desited state (State 2). For example. the change in state
may be described as the change from an un-invaded state to a completely transformed
state. or from an un-invaded to lightly sovaded state, depending on the investigauon. [n
the framwwork the asent of change is the alien and potentially invasive species. The
dezree and manner in which the potential invader will change the state from State | to
State 2. is ¢ontrolled by the interaclions between species characlensiics and system
conlext. The combined oulcome of these interactions is then controlled by the system
susceptibility. In other words, bath the species characteristics and system context will act
upoa Lthe potentally invasive speeies o delerminge s invasion polential, However, (his is
thetn modulated by the systems susceptibility, to determine the degree o which change
will be affected Butween State | and State 2.

Unfortunately there are few cases where it (s possible to return from State 2 to
State [, and 16 there 15, 00 s controlled largely by management in the carly stages. On
some time scales it may appear that an invaded state returns to the previous, uninvaded
slate without the inwervention of manasement {Simberloff & Gibbons 2004). THowever,
over a long time scale this may be considered an un-suceesstul invader (paturalised alicn
species) because the species was nablye o sustain wself (Fie. 8,10

Returning 1o my example of (2 steicta in KNP, [ used the wmodel template and
specify the compoenents for this case. In a study attempting o determine the causes of
invasion of (2 stefcra in KNP, | concluded in Chapter 6 that the invasion was larechy a
function of propagule pressure. However, as | have shown earlier, propagule pressure is
an aggregate fupction of distance to source, amount of seeds produced. connectivity of
bath the source and now caviromment and habitals acress the new environment and, time
since arrival. Through the use of the model the interrelatedness of the model components

can clearly be seen.
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Potentially invasive
SPECICS

D <} | Spedies
characteristics

D j System context l
i

Byslem
[ susceptibility

o
Stafe 1 - ——-- —X X~— —» State 2

<
2N

Management

Point of modulation
Agent of change
Slale

Controllers

oo™

Firure 8.4: An invasien coology moedel template. This peneral model form sugeests how
the causes wdenit[ted (n the invasion framework (Fig, 8.2) can interact with one another in
any situation where invasion is te be analvzed. The model identifies two states of the
systetn or of a system al two timme periods (Stare | and State 23, Whether a potential v
invasive species actually can shili the system from State | to Stae 2 s determined by the
threc kinds of contrellers, which correspond to the mid-level processes i the invasion
framesork. Inadditon wihe mechanizms tdentified m the lramework, the model
recognizes that nianagement can be brought to bear on an altered system (State 2) in an
altempt w revert it to State 1. Specitic models aimed at particutbar systems or conditions
would specify how the general model cotmponents shown here can be parameterized for
that specific case, This ceneral model format tellows the strateey of eccological Aow
chains as prosented by Jones e ol {1994),
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Figure 8.5 (a) An un- or pre-invaded state, characterised as the Sabie/Crocodile thorm
thickets, (b) An invaded site with scattered individuals and nmpenctrable thickets of
Oprrriar stricter. (Photographs: LC. Foxerott), The state change observed in KNP s [rom
an un-invaded to jnvaded state, with the agent of change being €. stricte. The change in
character ol the arca invaded is from the Sabie/Crocodile thom thickets {as described by
Crertenbach 19833, which is dominated by an dcucia pigrescens § Combretum apicwlatum
association (State 15 Figo 8.5y, o a patchwork ol scatiered individuals or impenctrable
thickels of €3 stefofa, several hectares in extent (State 2; Fig, 8.5b),

The inherent characteristics ol €2 sarienr thal promole its invasion success include
the production of large quantitics of highly viable seeds ().otter ef af, 19949 Reinhardt ¢f
af. 1999} and an ability o reproduce vegetatively {(Anthony 1934). The Qeshy fruits are
attractive to haboons and elephants and thus casily dispersed ¢ Lotter & Hoftimann [998),
The plant is also well protected by spiny thorns and has a bitter taste that discourages
browsing.

The svstem context includes the intentional pathway, through which the plant was
introduced imto KNI as an ornamentai plant by humans (Lotter & Hoffmann 1998),
Further. the vectors are highly effective as they are mobile and can move vast distances,
starting new invasion foci (Chaprer 6 and 7). The combination ol these charaeleristics are
then controlled by the susceptibility ol the svstem, which is climatically suitable w 2
strfcta, has oo consumer pressure such as browsing and is freed of at least cight

associaled natural enemy species (Foxcraft 2003).
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Relevance of the invasion ccology framework and model to management

The invasion of a plant inlo an arca clictts a number ol management responses.
These may range from ne action due 1o a lach of awareness, knowledpe or resources, 1o a
comprehensive conlrol operation.  However. an approach locusing on the methods,
chenveals and Llools [or species removal i the mosl [regquent responze (Moody & Mack
19aky.  Only more recently have efforts been made o provide a more belistic and
sustainable approach to myvasive species management {see Wittenbere & Cock 2001,
KNP 2005). which includes integrated pest management or biolosical control.

By applying the model template, 1 am thus able w0 contextualise the vanious
responses, ovalualing each component and providing insighs inte a holistic management
approach specitied for a partieular probiem (Fig, 8.6) [ expand on the wodel in mure

detatl below.

The potentially imvasive species — characteristics and context

Much may he Jone to enhance the capacity 1o predict invasions and thus enact
preventative measures. Although the suceess of a preventative progranime may not be as
visible as that of a removal programme, the results are undentably benellcial. This may
be achieved by comparative studies on the potentially invasive species’ broad hoclimatic
surtability {Rouget er af. 2004, or through combining an understanding of the specics’
inherent characterizues, and the system context in which the spocies is likely 1o be (bond.
For example, Net e af, (2004 describe the objective development of a list of invasive
alicn plants in South Africa, vsing available quantitalive daea and expert knowledge on
current pattems of distribwtion and abundance, life-history traits, and tfor cmerging
invaders) characteristics of potential hahitat,

Atthough short of breeding or genetic engineering, little may be done o dircetly
impact the traits of an invader, ithe manapement options to control the species may be
enhanced by develaping an understanding of the species, Minimising ibe cflicacy of the
tratls ol the mvader Lhat make i more nvasive is targely the work ol biological control
agents. For cxample, minimising ¢ither seed production or compenitivencss alone may be

sufficient to manage the invader.
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Figure 8.6: A modei template for management response to invasions. The management

response is applicd 1o the model template (Fig 8.3) w provide an explicit link between

managemenl oplions and the iovaston process.
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CHAPTER 3

A NEW FRAMEWORK FOR PLANT INVASION ECOLOGY

Transformer species and ofternaiive stafie-states

In certain cases a third state may be identified and described as an alternative “stable-
state” (Fie. B.7), This clearly links to the invasive model emplate {Fig, 8.4), but is
directed ai the management or imteevention required W move from this alterpative state.
This may be the impact of a transtormur type species. which according to Richardson ef
af, (2000) is deseribed as YA subsel of invasive plants which change the character,
condition, form or natore of ccosysioms over a substantial area relative w the extent of
that ecosystem™,

The change in stale between State | and Stae 2 may take the form of ap clastic
response (Re), where, depending on management strategies, such as removing the invader
or hloncking the pathway of invasion, a retum 1o State | may be possible. A persistent or
plastic response (Rpd will resalt 0 a transition to S1ae 3, and Js usually as a resujt of
legacy effects of the invader. Legacy effects are changes in the abiolic environment as a
result of a cumulative effcet of the Jength of time that the invader has been present, or
alternatively. chemical or stroctural changes brought about by the wmvader.  in
transivrmed svsiems, even where the invasive species is removed, without re-engineering
ol some kind il is unbikely that the sysiem will return unaided 10 a stale resembling State

Iit

fawasion Legacy
stake | Stare 24

PO .

Bemoval manavement

Siare 3p

Be-cnginesring munagement

Figure 8.7: A stale change model for the impacts of invasions and legacy elfects. The
mode] indicates the degree to which management may be effective at reversing the
negative impacts ol invasion. ¢ and p indicate elastic and plastic ©ype responses,
respectively,
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Conclusion

Conceptual frameworks and models have formed an integral component of developing an
understanding  of many phenomena in ecological systems.  The relatively  slow
development in understanding the components driving plant invasions has hampered
prediction and bas hmited the sclentifie basis for management. The various factors that
have heen proposed as drivers of invasion clearly need to be considered together within
an integrated framework. Advances in the understanding of invasions within any given
place need cxplicit consideration of the spocies traits. the receiving environment and the
connections between them.  This roster of factors is a logically complete sl of features,
which rely on explicit temporal and spatial delimitation of the system of interest. 1o date
medels have failed to successtully develop general understanding of tovasions.  The
suggested  [ramework provides a strocture to facilitate syntheses across scales and
situations that might promote veneralization. 1L is general enough to provide a commaon
understanding, while at the same tme., providing the mechanisms that can be specified to

answer questions about particular invasions.
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CHAPTER NINE
GENERAL CONCLUSION

Ecological theory and maoagement appiicability

To develop some insights into the mechanisms behind alien plant invasions in an African
savanna, | have considered a2 number of aspects which | believe to play an imporiunt role,
Certainly the range of important components thal require in-depth investigauon are
beyond the scope of this thesis. Howewer. 1 have tricd o highlight some of these and
provide a ramework for continued research and learning,

I have consciously tried 1o gse, und advance science {ceological) theory, while
developing uselul management cutcomes, and similarly. use management problems to
define and develop science theory {Table 9.1). Clearly, imporance of differcnt spartial
scales and the imer-linkages between these emerges as 2 crucial issog.

In the iniroduction fehapter 1 ] related the various components of the thesis o the
‘mnaturilization-translormaton’ model (Richardson et of. 20001, While this approach
provides one way of viewing the relationship of various aspects w the invasion process, |
sugeest an alternative, but complementary, framework and moedel, which was discussed
in chapter 8. 1 discuss my findings and conclusions o relation to these new coeeptual
tols.

[ argue that to develop a general understanding of invasions requires investigation
of three Hnoked components which together constitute the imvasion process, These include
specics charactenisiics, the svstem context and the svstem susceptibility (Fig. 9010, Each
of these higher level contributing processes have a pumber of specific causes or
mechanisms, which mayv of may nol be nvoeked. in @ partcular ceosystem. ] have lor
example explored, explicitty or implicitly. the following species characteristies:
propagule production, dispersal mode, defenees, resource demand and competitiveness
(Fig. 9.1, [ have considersd connectivity, pathways of invasion and vectar officacy as
[eatures of the system context, and resource availability, patchiness and other features of
system suscoeplibility. Thus, although T have not considered all the specific mechanisms
potentially implicated, I have stll been able (o contribute 1o an overull understanding of

invasions in savanna systems.  [his can be applied to a model (Fig. 9.2 which places the
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three contribeting processes inw context with cach ather, indicating the point at which

actions may be aken o enhance management strateeices,

AIN: To investizate the
priccess of invasion of an African
savanna ecosysicm by alien planis

|
Species characteristics Ii Swstem contexd Syslem susceplibility
4
|
s Propagule e Conpnectivily *  Local veotor
production (&} (24356 presence (2.4.6.7)
»  Blispersal mode o Pathways (24567 «  Besource availability
{2.3.4.5.7) s«  Yecotor efficacy (2,77 Inc. disturbance
o [Detences (7) regime (5), emply
¢ Resource demand niche (7)
(%) o Patchiness/ gaps (7)
o Competitiveness (5) »  Rioctimatic

suitability (2.4}

Figure 9.1: Applying the various thesis chapters to a general framework for plant
invasion ceology, Numbers in brackets refer to thesis chapters in which the particutar
aspecl was cxplored,
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Figure 9.2: A model for exploring the context and role of three compasite processes in
the invasion process. and the implications for management.

Clearly, if management is to be successful in the long-term. plans need to consider
specics charactenistics. system context and svsiem suscepuibility, Chapter 2 indicates the
importance of assessing the risk of surounding areas hoth on a species- and arca-
approach. and thus managing bath the potential invasion in the most stralegic areas, o8
well ay the most imporiant species at specific “hot-spots’. Chapter 4 considers the human
dimmension, clearly making a casc for the mansoement of intentional introductions of alien

plants as a focus of invasion, Although human dimensions ot biological invasions are
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well recognised, | explored these problems in a special microcosm- a protected area- and
sugest that insights from this work might be applied to other protected areas before it is
too late. | assessed the dynamics of one terrestrial alien plant {(Gpiantia stricta), at two
seales, namely the landscape- (chapter 6} and tocab-scale (chapter 7). 1 was able 10 draw
an this experience in tormulating the conceptual framework and model {(chapter 8), and
contextualize them with 4 real example. The work on riparian invasions following a
larze infrequent disturbance (chapler 3) provides insights into the role of patches and
differential resource distribution in patches, in examining the riparian systems’
susceptibility o invaston. Specifically assessing alien plant distribution datg at mulliple
scales (chapter 3) provided the scale context and necessary understanding that would
dtlow the above deseribed work to be placed in context spatially.

These components thus provide some insight into the mechanisms invoked by
abien plants invading a savanna ecosvstem. white collectively., providing some
understanding necessary to formubate more advanced management plans {Fig, 2.2a and
Tahle 9.13.  But this needs to be taken further. In applying an adaptive management
process, management expericnce must also be used o define research gquesions, and
seientists nead to be adaplable in the way they desion their research and the ecolooicat

paradigms they consider (Fig. 9.2b: see also appendices 1.4 & 1.6),

Scale considerations

Why worry about scale? It may be argued that scale is an intuitive backeround issue in
every eculogical investigation (see the discussion in Wiens 1989, p. 385, in his argument
for cureful explicit consideration of spatial scaling). 1 would agrec: it most often is an
intuteve part of ecological research. | also argue that instead of being a buckground
issug, il needs 10 come to the fore explicily (as arpued by Wiens 1989) for three
important reasons specilically, in considering alien plant mvasions.  First. il an
investigator does notl consider the yrain, exient and lime scales caretutly in the research
design, the design might be inappropriate for the particular arguments that are being
investigated.  This would lead 1o Incorrect conclusions. For example, the debate
surrounding the issuc of whether native specics richness leads to increased invasion ar

suppresses invasion (Stohlgren ef e, 1999 can be resolved 1o a large extent by scale. At
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a small scale (1 m° plow sealed 11 indecd appears that arcas of low plant species richness
are more easily invaded, and @ a landscape or biome scale. plant invasions generally
occur o areas of high species richness (Swhleren af of. 1999 Second. this would allow
replication ol technigues and thus direct comparisons in other areas; or, at least allow for
carefully considered cross-scale comparisons, Third, a good undersianding of the scale
tssucs are necded o apply science theory 1o conservation management,  Management
problems and boundancs, for example the sizc of protected areas, vary enormousty and
applyving strategies al in incorrect scale may lead o Bilure. Trustration and perhaps loss of

trust in science or scicntisis by manapers.

Coacluding remarks- A persoral perspective

This research has been an intense, challenging and immensely satisfving leaming
experience. | will forcver be indebted to my supervisors and various collaborating
scientists that have played a role in various ways. While developing a personal thesis on
the invasion of alicn plants, | have been challenzed (o broaden my horzons and think
widely across sub-disciplines in ecology. This has been extremely exciting process, and

a toundation en which 1 look forward 1o building,
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Table 9.1: The refativmship befween the thesis chapters: implicatons for rescarch, management and monitoring.

Chapter

Research implications

2- Risk pssessment of
riparian invasions

3- Patterns ar multple
spatial scales

4= Ornamentat plants as
inwasive aliens

5- Patterms of riparian
Hivasions

Prowtdes a new framework
which can benefit [om
refinement and testing ils
applicabilivy m ditferent
stiuations,

Argues for tharouph
consideration (o be given o
the scale at which alien
plants are investigated
ceolonically, as well as for
management and monitoring,

Assesses the human
dimension i introducing and
[aciliing alicn plant
iwasions [rom an ecolugical
perspective, Would be a
uselul case study W [urther
cxplore trom a sociological
approsach.

Provides a new approach
assesses ihe roles of parches
tn i bandscape as either
promoting or inhibiting the
potential for invaswon in a
river landscape. and which
couttd b further rescarched

Munagement implications
Provides a lramework for
assessing apeas of inereased
managenient importance, both
frone o area- and species-
perspective,

Provides understanding of the
imporiance of spatial scale in
assessing alien plunl distribution
and a manner i which w
detenmibine the best scale of
resolution for exploring these
issues th @ particular scenario.

Provides insigzhis tito the
management and policy
procedures that were put in place,
and discusses sonue of the
highlights and shori-talls,

Indicates important patches across
i landscape thae should be
managed due to current or
podential increased Jevels of
invasion.
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Provides zones and arcas (1 used
guaternary watcrsheds) when
monitoring is required Lo detect
an influx of pew species or
changes in abundance.

Name as [or mansgemenl.

Indicates the importance of
auditing managcment of atien
plants in known and high
priority foci.

Simitar to management,
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6+ Reconstructing

Upantia stricta invasion

7- Local-scale dynamics

of Opuntia stricta
mvasion

&= A new coneeptual

Iramewark fur Invastons

- Monituring is relerred w here as the ability o detect chianges in the distribution and sbundance of a species over lime.

CHAPTER 9

1o reline this understanding.

Provided detals into the role
ul prepagule pressure in
structuring patterns and the
pussible process and rate of
invasion over Lhe last 3)
years. This work contributed
to the explanation ol the
conceptual touls developed
in chapter 8.

Provided detailed insights
it the importance ol
veglors, aurse plants and
miero-chimate in
cstablishment ol this spectes.
Indicates that w completely
understand a prablem,
detailed studics ol its
eeology are needed,

Provides new tools tor
exploring any invasive plant
sillation, generalizing across
scatles and scenarios and thus
developing generality in
ivasion bivlogy. Although
designed tor plant invasions,
is mosl likely applicable
HCFOSS axonomic groups.

Reintorces the importance of
managing outlying toci as the
driving [actor in the invasion
Process,

Centribines tu the overall
understanding of the process of
{Jpuniia stricta invasion, which
allows unproved management of
the problem.

Provides insights ima the
importamt mechanism in a
particular seenario, and thus the

pmportant atteibutes that need w be

considered in formulation
MANAgenient responses.

FOXCROF 1. 2007. PATTERN AND PROCESS OF ALILN PLANT INVASION,

GENERAL

CONCLUSION

Provides an idea of where w
mouitor as well as baseline data
to assess changes in distribution
and depsity of . sircu.

Samie as fur management.

By highlizghting the fmporint
altributes o a particular invaston
problem, might provide an
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Plants In Mational Parks: Petspeciives tom Soush Adlvica and Awstralia, Toe Mla
Invasions. lnuman perception, ecologicad inpacts and management (eds. B.
Tuokarska-Guek, J. Brock, G, Brundu, L. Chald, €. Dachler, P. Pyick), pp. 391
407. Backhuys Publishers, T.eiden, The Netherlands, [n press.

1.9 Foxeraft [L.C. & Freitag-Ronaldsen 8 2007, Seven decades of tnstitutional
learning: managing alicp plant invasions in the kKruger National Park. Sourh

Africa, O 41 160167,

I'art 2- Alien plant lists for the Krupger National Park,

This appendix is bascd on Foxcrott e af. (20033, and subscquent]ly ppdated with data
managed by LCEF in the SANParks Canpservation Services division.  The aim of this
appendix is o provide an overall List of alicn plams for the Krager National Park, as a

reterence poini.

2.1 Table: Ovpamental alicn plant species recorded per camp i Kruger National Park,
indicating the pumber of camps in which each species has been recorded, as well
as mode of introduction (Chapter 43, Spocics names, authoritics and indications
of naturalizaiion are based on Foxcrofi ef afl. (2003). Evidence ol culiivation
means that the taxon was intentionally introduced, propagated, irrigated and
tended 1o, Evidence ol naturalization means that the species has paturalised ow
side of staff gardens and tourist resi camps. Te might happen that the species
naturahized (nawuralized, sensu Pyvdek ef ol 2004) in the village environment, not
necessarily inthe natural landscapes, * indicates that the species is invasive in
KNP,

2.2 Table: Dhistribution and nesicdness of alien plant species betwecn camps (Chapter 4).

2.3 Foxcroll L.CL, Henderson L. MNichols Gl & Matin Bow. 20003, A revised lisi of
alien plants tor the Kruger National Park. Anedos 46: 2144,

2.4: Foxeroft L.C. 2007, Current Eisi of Alicn Planis for the Kruger National Park.

Soih Africa. Sooth African Naitonal Parks, Skukura, South Alrica.
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Metadata:
All data used in this thesis is in the process of being catalogued in the Kruger National

Park data (meladata) repository, and is available [rom hupSdataknp senparks.org.

In addition. the metadata will abso be catalogoed in the Centre Jor Invasion Biology,

Stelbenbosch Lnversily data repository, which 15 avartable [tom hipAcsunac zaieib,

Alternatively. vou may contact me at . lewellvnl @sanparks org.
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APPENDICES
Fart 1- Management implications.

LIz KINE Policy! Standard operating procedure on alien species management {Chapter 4).



Appendix 1.1:

SOUTH AFRICAN NATIONAL PARKS

THE CONTROIL. OF ALIEN PLANT SPECIES IN DEVELOPED AREAS OF
THE KRUGER NATIONAL PARK

June 2004
Prepared by Llewellyn Foxeroft

1. INTRODUCTION

Purpose of this decument

This standard operating procedure, which lalls under Lthe alien species policy lor
SANParks. provides guidelines for the contral ol alien plants in all developed areas in
the KNP L provides oceupants wath information on the regulations, and indicates
which species may nol be cultivated n developed arcas.

Scope of this document

This document relers o all plant species within developed areas in the KNP, This
includes all developed and disturbed arcas. namely | rest camps. personne] villages,
FANZCT Oulposts, entrance gaies, concessions, ollices and any other similar areas.

2. BACKGROUND AND DESCRIPTION OF THE PROBLEM

Rescarchers have estimated that an effective program to control invasive alien plants
in South Africa would cost approximaiely TISS 100 million per vear for the next 20
yvears! Allhough a proporton of invasive plants find their way into areas acaidentally
{as hitchhikers on other ransported goads) inlentional introductions ol plants through
omamental use, commereial forestry and other teans, account lor a large number ol
invasive specics worldwide, lnvasive plants have clearly been shown 10 have a serous
impact on hindiversity, production ability and coosysiem services (such as waler
provision and purificarion),

Unfortunately, most invasions are characterized by a “lag-phase”™ during which timc a
species may nol invade or canse any disruplion at all. Further. this lag-phase may take
up 1o 200 vears helore Lhe alien species becomes invasive and 15 recognized as a
serious problem. By this point, control 15 costly and (regquently nol efficient. Our best
defence 1% 0 be pro-active and remove any specics thal do not belong o the arca
before they have the opportunidy o nvade, Many of 1he species carrently regarded as
serious invasive species in the KNP include specics that were used commonly as
ornamental garden plants. Fxamples include the Opnntia séricta (sour prickly pear
invasion covermg 80 Q00 heclares around Skukuza and still spreading). Lasfana
cemerra (which has imvaded almaost all the mamn rvers in the KNP and even sl
strafiofes (water leltuce). which lor many years has been a problent on the Sabie river
and Sunset dam. All ithese planls were culiivated n the Skukuea village (and others ).
and were not initially known 1o be invasive - just as we do notl know which species we
now cultivate will become invasive in the tuture,



This document serves as g lotmal record of the prohibition of alicn plam species
within KNP personnel villages and rest camps. The document wall also form the basis
ol the KNP Code of Conducet -Alien Plant section and prosades elanilication of the
regulations surrounding alien plant species in the KNP

In peneral. the practice of propagating and dispersing prohituted alien plant species in
the KNP has continued in contravention ol the KNP Code of Conduct and m spite of
the Alien Biota Section's efforts to control these species. Many of these species have
invaded riverine and other arcas of the KNP or have the patential to do so, Millions of
Rands {up to RO million per vear in the KNP alone) are being spent annually on
removing these planls oulside ol rest cumps and st villuges, while other potentially
invasive species are bemg wateted/mrigated (many with higher waler needs than
indtgenous species) und cullivated.

The long-term ainm of the currend alien plant policy is 10 promaole a corporate
utiderstanching of the dangers associaled wath alien specics amd o cnsare long-term
protection from these species by aiming lor a KNP where only indigenous speeies are
used in the rest camps and villages,

3. PRINCIPLES ANIY DEFINITIONS

3.1 Principles

»  South Africa (and therefore KNP) as signatories to the Convention on
Biodiversity, under Article 8 (11) have an obligation to: Prevent the introduetion
of, control or eradicate those alien species which threaten ecosystems,
hahitats or specics.

»  Invasive ulien species ure regarded as one ol the greatest threats o the biodiversity
of the KNP,

»  The KNP shall strive to romave all alien species where possible, and to restore
previously invaded ar planted arcas, in onder for these sites to resemble or form
part of Lhe lunetioning landscape and ceosystem.

3.2 Guidelines

= No notions of “naturalization™ are taken into account,

«  Altheugh all alien species are undesirable and their introduction prohibited, the
control of species should be raded off against the impacts and costs (ceolopical
and ceonomicd of control,

*  Feongmic benetils to preventing the introduction of and for controlling species
should be developed wherever possible (o, Working for Waier),

= Eflorts should be made Lo remuve all previous introductions (1.e. the removal of
alicn plants in rest camps und lawi grasses).

= Certain alien speeies necd 10 be wecepled us part of the KNP ceosystem. Although
undesirable, it may cither be impossible 1o remaove these spoctes due 10 the scale
{spatial andfor temporal) of invasions, the charactenistics ol certain specics or due
to 1t being cconomically too costly 10 achicve, With this in mmd 11 is aur
oblizgation to continuously study the long-tenn impact on biodiversity and
document such impacts tor the beneiit of future gencrations and management of
other areas, where the invasion is not as advanced.

= The mlenttonal introduction of any alien specics into the KNP is prohibited
(unless an approved species, e.g. biological contro! or approved pet).

ta



= Clorlain speeies may be approved tor importation inlo the KNP, where it has been
proven that the introduction ol such species 1s henelicial and poses no. or
nunimum Ureat. For cxample, hiological control for the long-term management
ol'a particular invasive alien plant.

= Any new introduction of an alien spectes should be reported and disposed of
immedialely (i a suitable manner.

= It is the responsibility of all SANParks personnel (and any other allihated contract
cmployees) to ensure the unplementation of this policy.

= All applicable legislation will be adhered to as a minmmum guideline, with the aim
to further improve thercon and provide an example o all South Alricans,

«  For those species requiring impot and export permits, the State velerinary
services and the relevant iImporting or exporting provincial conscrvation
organizations should be consulied.

3.3 Definition of “indigenowns™ and *alien™ in the KNP context:

The [ollowing detininons will indicale the Lypes of species thot may be planted in a
particular arca;

Large rest camps, lourisl entrance gates:

Although landscaping and cultivation are allowed. all plants are to be restricled to
those known 1o be indigenous within the landscape in which the camp 15 siluated.

Small camps, sach as private and bush camps, concessions and wilderness trail
camps cte:

No landscaping or cultivation allowed. Therefore only specices occurring in the
immediate vicimity of the camp are allowed, Fhese plants are o grow naturally in the
camp. Planling of species may only be done in cases where the camps have been
clearcd of vegetation and then only wiatl plants ol the species found in the immediate
vicinity of the camp.

Villages and staff gardens:

Trees- any trees found in the KNP may be planted. However, planting ol trees should
preferably he restricled 1o types found in the vicinity of the village.

Shrubs and Howers- n general. any shrub or flower from the KNP, lowveld and
cscarmment ecosystems are allowed,

4. MOLICY

1. Tis the responsibility of all SANParks personnel (and any other aftiliated
comtract emplovees) to ensure the implementation of this policy,

2. All applicable legislalion (e, NEMBA and CARA)Y will be adhered to as a

minimum guidcline, with the aim to Lurther improve thereon and sct a pood

example lo all South Adrreans.

The introdoction, propagation and spread of any alien plant species

within the KNP is strwedly prohibited.

4. All vacam gardens will have all alicn species removed, regardless of their
apparent INVasivencess.

3. All occupied gardens will have the NEMBA { CARA Tisted plants, as well as
other well known invasive species and fruit trees removed as a mitiitnun.
Please see attached hst ( Table 1-3).
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Refusal 1o comply with the reguladons as stipulated in the NEMBA F CARA
Act is an offence and full co-operation i1s required, The Executive officer, as
defined by the regulations may inspect premises to ensute these regulations are
being adhered to.

The main source of all planls [or cultivation should be the Skukuza Nursery,
No other plants will be allowed into the KNP Inspections at the gate should
include checking lor plant material o prevent the intreduction of alien species
theoueh the sates,

Prohibited species (i.e. species listed in tables 1-3) that are grown in pots will
ot be allosved under any circumstance. Any other alien plants growing in pols
will only he allowed provided they do not produce any sced or veectative parts
which will allow speeies o cscape from pots and hanging baskets,

Mo alien plant material may be distributed between pardens and be aflowed to
catablish,

Mo alien plants may be dumped over fences or in any ather place other than
that desionated for that purpose. |hereatfier. the alien plants shall be killed at
the dispasal sites to prevent them from establishing and escaping.

. No alien plant may be planted against or encouraged to grow on and into trees.
. The Tnvasive Species Section or the execulive oflicer (as desipnated by the

regulations) niay inspeel the premises for plants species al any time.

cClearing work 15 an ongoing process and t@ams will be required 1o revisit the

gardens on an oneoing basis 1o remove re-growth and tollow-up previous
apcrations,

The KNP reserves the right to change the declared status of any plant at any
time.

6. RELATED POLICIES AND DOCUMENTS
KNP Water Use Policy. Many invasive alien plants use considerably more water

than indigenous plants. In addition, irrigaton of kwns and maititaining water
intensive garden plants results i further water wastage. Such lawns and gardens
should be replaced with indigenous species (rest camps should be planted back o
indigetious shrubs and trees w resemble the atmoesphere ol the lowveld
Censyslem ).

Code of Conduct- Kruger National Park.,

. RELEVANT LEGISLATION
CARA - Conservabion of Agticullural Resources Act (At 43 of [983)
National Environmental Manasement Biodiversity Act (Act 10 ol 2004
~ational Environmental Management Protected Areas Act
The Comvention on Biological Thiversity, Article 8(H).
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Managing alicn plant invasions in the Kruger National
Park, South Africa

Llewelivn C. Toxcroftt and David M. Richardson?
Lo Afien Biviee Section., Kewger Nafica! Fovls, Sewth o ficon National Cadks. Pilag
XI02, Sidduza, £330 SOUTH AFRICA, e-puand: LlewellinFltparts-si ooz

2 Instifune for Plant Conseivarion, Botny Departeuant, Universitv of Cape Town,
Hewpdebased, FF00 SOUTH AFRICA: e-maif; riclifobatzooawt o o
Abstract

Invaseve audon plants Sere Uirst neded ws a problam in she Kmger Metionzl Parl iK1 00 1957 Ssnce
thers, the mutibar &8 Invasive alien specics and tepes of Dapacts and the everall spact bas increased
rapichy

The st addesprond terrestrial invaders ave Lastana cawera Lo Oeontes steiets Damcorih,
CHbweor Tl Chemelaesa sdorara (L) B Kanp & ML Bob, and ee Senime spucies. Widespread
agnatic maerophvies arg Azalf Slicrdetdor Lam, Elabiommin crnsvipes (Warl) Solima., S sin-
fetes Looumad Sahegy mnodesra T Minch, These spoeies have glspersed iain the Peck alomy e
rsnor Vet syelees thal omiginane omisics the Mok, thewing theaueh agricalliml, faresdey ol urban-
e luhd. The ciher men paiboedy of spread hos becn foony gardons o sta T wi8lages ol rest cumps
wilkia the KNP AL nparian vegeiation alenz inaiar rivers aod maest tehodaries 35 mvadded o somg
et by olher ivarlors e widesprezd and aburrdant in the catebinzed areas ol he nien 1ves
autside e BNP acd thos heeaton e invacds the porls soon.

Some progress had heen inade inoinlerriling e management of 1vasive alico specizs with
ather managament Hinclions o the KNE A mouagement svstoin based ouoa thamesork of
Thresholds of Potential Concern (TPOsY hay been mplemenred, and irasne zler speeies were
reecathy anclided i Uhis spslen:. TRCs e heen defmed with liniss of acceptanle chings for spa-
tial aid teinparal scudes, Wangwernee 4otions aee stnted whea these Hinits wee esceedad. The
anceess Ot manapemenl el birecied ac invasive lion species i the Pack depends taoo oot
EX1EAL o e suivess ol suskaireed MdRan: et Sopaiens ik the catchimert areas ol the tivess Lhat
Flom chirvueh the Purk, Five ather iancvalisg mnplomnene d m address the increis g sole sl ke
porsed B vasive alien plaels gee oleo disenbed,

Intraoduction

The Kruger Marianad Pack (1l KNP v “the Park™) 13 sihioed on the eastern side
of the Limpope and Mpumalatiza provinees of Sauth Africa, and is bordered along
its entire castern sade by Movambique, The Parl, extending 360 Ky Mo nerth
seath and coveringe 2000000 kan?, 1s one of the larzest areas in e world imanaged pri-
miarily Tor the conservation of bodiversity, The KNP [alls in the savanna bicane of
seuthern Atriea { Scholes P9971 Most of the remon expomeness i hot wel scason of

Flan: fmasions: Ecalogicol Mecans atid Manogemend Soduffons, e 385-403
Faljped by LE Ol JH Broch, G Svandu, K. Prock, B ilet, DA Wade and AL B isiaon
i F0E Rockhns Publisfors, Leiden, The Metherfunds
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appraximately foor to eight months duration. and a2 wartnn diy scasose. | hiroy-fiee
“landscape tvpes” (Gerterthach P33 foem the hasis tor dividing the Park anto man-
ageable sectors. The KNP s crassed by meven major river systems (Fig. Ty all of
which origrinaie i the west of the Park and drain g combined srca of shout 88,600
b Large portions of these drainage areas are wsed [or mdustey, agrnealivre, com-
mercial foresary, and human settlemenis. All these rivers floss through he Park and
inlo Marambigue. Because of the unportance of the rivers as conduits Tor dispersal
of many imvasive alien specics, the Park aels as a " Tiller” belween South Atrica and
Mevewmhigue. Mosmnbigue has less capacity (o manage invassve speces Lhaan South
Adfica, o the KNP lus an important responsibilily to provent the spread of mvasive
species through the ark across s ewstarn bonder

o F oty Suilas Pl

Entezrma Gates
Main Camps
Rl Camps
Eanger Pasts
/N Mein Foads

Sensndary Hoads

Tirebredk Soods
[ i KENF Boustary
Rivers

= W e [

i [ 2 L) [ &1 w120 40 HE) Kikememres

Fioo © River syslems and infrastractucs of the Kroger Ratecal Park.
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The recent development of o massive Transtrontier Park (incorporating the KNP
with Gonerherou and Giara paths in Zimbabwe angd Mozarnbigued reintorces the
KNP reaponsibiliy in this rezard.

e arei that 15 now the KNI wis cceupmed by oroups of nemadie hanter-path
erers fon thousands of vears before Burepeans wved in the early | 7005, The Targe
herds of same atteacted Eurepean hunters during the winter months when the risk
ol mualaria was |owest. The Jdwielling numbers of ammals m the Tate FE00: led 1o
the proclamation of the Sabe Game Reserve (now the KNI m 18R The ostab-
[ishisent of this reserve resruliated access to the aren. Development witkim the Park
was conlined to rest camps for visitors, smabl villages for staft, and a roead system
Ths prevented the widespread ntroducnon and dissemination of alien slant
spectes. Obermeijer { 1937 made the Firat ehservations ol alien glants species in the
KNP and listed aix species (Meoublesome weeds™ Chenoparditom ambrrsoides T
Tugoetes arnefe L, degemone mexioame L, {fompdeena celosiorles Mart,
Borerbravia diffuse L, ord Cocesdus eesedie 110 Drelsh A gradial inorease in the
development o eest cionps and staff villazes within the KINT and the eamid increase
w devetopment and whanizattion m the catehments of the major rivers entering the
Mark, led 1o an escalation m the rate of mtroduction of shen plant species. This, and
the Tisme awareness of vasive phant spectes, thewr mmpacts and the werease m gen-
eval botatucal and spectfic atien plant surveys led to an increase i the nuber of
recards ol alten plant species. Al the end & 2001, 366 ahen plant tasa were known
o occur i the KNP This noniher meludes npluealized and invesive lasa (Fig. 2
Eicliardson ef el 2000, Talvle |, as well as taxa planted inorest camps and vaillages
bt mel kpcven oo be madura | ieed (e 20
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5 Gerlenbavh L B85, 6. Macdenald & Gerlenbach 1953, 7 Anen [295, 3, Anon [9%7a, 9. Teseroll
Togt 1y Foxera 20004, 11, Foxcrmafl 2001 .
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The KNP currenzly manuains |3 main rest canips and 133 smaller camps,
ranger’s outpests and other infrastructure. The network of roads, comprising $32
ki oof maandpaved voads, 1,726 b ol sravel/secondary roads, and 4,229 ki of
managemenitirebrenk sracks, form imporant pathways (o1 he inboduction and
dissemmation of alien species (Fig. 13 Notable examples of nrvisive spacies whose
cugrent tange 15 attributable oy the devetopiment of staft villages are Opetier vivicta
(sour prockly pear) apd Pisrie sidiofes Caater lellucel £ sfricf oW DCCUTE 1D
minagemenl wmls covenng gboul 66 G00ha cenwed on Skulkuza (Lotter and
Hotimom 1995 F coadotes has mvaded  several weaches of the Sabie and
MW waswittsontso Rivers and several pans and dams in other pards of the Park (Totter
1907y, Lontene camarea, the most widely distribored and apgressive invasive alien
plant in the KNP waees also orown norest catssps unte 1951 (Macdonald 19983, The
spreacd ol thas speaes s probably more The resull of dispersal i the KNP along
rivers from demse stands m the catchmenl areas than o spread from rest camps.
About 240 alien plant species are correnlly known o oecur ip st villages tn the
KNP 60 of these species are comstdercd to be potentially anvasive (assessment
based on reproductive potential and whether the species ave known o iweade n
other parts af the world with sumilar climate and ather emvronemental conditicns).

This chapter descoibes the evalution of a strodegy tor managing plant 10vasions
it the Park. Special attention s given w describing attempts toontegrate alien plant
managemett within the overall management framework for the Park, and to reguo-
late the spread of speaes mmto the Park by largeting wmpostanl mvasion pacliways.

Early ¢[oris ai alien plant control in the KNP

The tirst eftorts to conlrsl the spread of wlen plants trom rest camps were mrtaled
tin 1958, when the coltivation of all alien plant species in stall mardens and rest camps
was prohibited. In 1972 a list of alien species (including Efichmuraia crassipes,
Lantona coniea, Melia acodarach L and Opreia sppl) was paldished inthe “KNE
Cude of Conduet™. A more comgirehensive list, published i 1984, meluded species
listed under the Conservannn of Agrtculiural Resources Act (Act 43 of 1983). The
Code of Conduet alao recoantred tlmtl most of the nnporlant invader species Tound
in the KRI* had spread trom gacdens and that measures appled wo conicol these
alants were costing the Park lasge sums of money. In 1999, after 4 survey of the
alien plants growiny in the Skukuza statt village. a policy document prohioing fhe
use of iyvasive species in rest camps and cardens was proposed and accepied by the
KNP management conmitiee (Foxcrofl 20001 3

The Mission of Sowtl African Nanonal Parky (5SANParka) 15 Yo maintain biodi-
versity i alh 1l malural Tacels and fluxes,, " (KNP Monagement Plan, 19971 Alen
phimt apvastons clearly bedevl this wim, livasive alien plangs awe knoan 1o have
sfrong negalye impacts on bisdiversity in most parts of South Adtwca (Richardson o
af . 1997 van Wikzen e of. 20011, and are thus clearly in direct confliet with tlus
Mlrssion. A workshop on biodiversioy conservation held m the KNP o 1997 rated
mvasive lien species the greates! threat 1o KNP biodiversity, ahead of the well-ree-
aenized threats of poaching amd fagmentation (Anea 199707, Despire (s, 1uch
mere attention has heen yiven o the other [aclors that threaten biodiversity in the
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have alrzady zstablished in the KNP The upper reaches suppart Himus und
Fuealvpes plinabions, many of tham ehly avaded with Sofanusr sicrridanem
Scop., Coesalpini decapergia {(Roth) Adston and other alien species. The middle
reaches consist mainly of commercial agricullure of sub-tropical lrail and, i the
liwer reaches subsistence faeming m densely populaied communally owned roral
areas. These areas ars sowrces of many alien plant species fur the KNP Regular dis-
porsial of propagales inthe Park is a mugor challenge Tor management.

| Threat index: |
[ Negligible

Very low
"

“ery high

Fio, 3 Distribation of invasive alien plants o che Kager Naotional Park, Areas woee evalosed Tor
mumber of apecics poegenl and densiges of all alien specicy. For cach (densite smd spocigs) o scure
wias allocated and then comebined to provide the thecar sdex for that regicn ot fiver
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Invasions originating from rest camps

Villages and Tost camps m the KNP comain many specics known to be imwisive
other areds. such w8 Hedvehion spp and spemes of Commelinaceas  and
Crassulaceas. Many alien species are wsed lor hedore and beawtification. with
resistance o thair removal betne met with by persenne| who have heen living inthe
KNP and tending tothe pardens for o long time. These taxis pose a threat 1o the sur-
cornsding areas and with time may invade the ripacian fiinges of the rivers on which
thig vamnps are situared (Foxerofl 20000,

Lpland arvas

Upland areas are well sutted to invaswn by species of the Cactaceas, and 60,004
hegtares in the Skuluza has already been invaded by (3 seefcta (Lotler and
Hoffmann 19981 Integrated management plans have beenimplomented to conlain
andl reduce the densiy and Impact of the weed, using biological and chanical con-
trol. Other speeics. such as F conwera, are alse starting 1o show their abilisy (o <ur-
vive in these arces; Lhey survive through the dey perinds and proliferate during wet
cycles.
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Aquatic systems

Four of the five mor syuane wied species in South Africa (Cilliers 1991 are pre-
setit in the KNP (A, fiffculoides, E. crassipes, £ stantiotes and & saofesia). Most of
the tnviasive stunds of these species originated from stalf camps near fvers. A few
urvasinns have resulted T the sptead of propagukes fTom eutside the Park along
rivers, Spread wathin il Park bas also been aided by humao activities, for example,
the inlrkdietion of £ coassipes mte the Lietaba and subsequently in Engelardt Daum
al Letiba rest camp was Quougl the use of pumps and machinery transfeered from
the Crocodile to Letuba rivers during the construction of Shinwen) camp. The
invasion of dams usnally ocourred wia tivers, Chemnical control has tngeeted all
except 4. fificefoider ovor the past 25 years al varous places in the Park, bl ne
populations huve heen eradicated and biologoesl control has been msigaed
(e 1991, Cilhers, Acller and Stoydom 1996}

Readsicdes and oiher distorbed urcas

Disturbed areas include aravel pits, dusiping areas, tads. camps, old seli|ements
and other areas which have been impacted 0 sorse way by hunmwan aelividics.
Ruderaliag ricultural weeds generally yovasds diy riverbeds, disiurbed on o season-
al basis Iy quick flowing water, although spoeies such as Xanrfhiwm spp., Datura
sppeand Brdes sppo are well represented along roadsides, The mead network in the
KNP (Fig. 1) is unoimporiant pachwsy for the dissemination of alien species.
isturbanee associaed with road building provides estabishment opportunitias,
and many speeics arc dispersed in sand (usualbly coliected from river beds) and
athor materials.

Muoist areas

Moist arcas are also frequently associated with villages snd rest camps, in thul the
gandens may lead selo-small mbaanes or densely shaded areas which may alse be
watered by zarden watering and thus remain moist Tor long periods of titne. These
arcas, 0 uen, freguently Tead onto the ripanian zones of the larger tributaries and
118307 11v0Es.

Management systems of the KNP and integration of considerations
for dealing with alicn planit inovasinns

Changing approaches (o the management of alicn plant invasions in the KNI

The appotntmeint +f the Tirst warden of the Sabie same wserve 1n 1898 sturted an
era ol management pobieics Dased an g “commaon sense” appraisal of the situalion
withoot any scientific inpur (Macdeonald 1958, Policies fargely tocused an issues
refating to poaching and the need ro increase pame sumbers by conteolling carni-
vorgs (Menaar 1982), the manipukacon of targe-manmal population munbers,
water provision, and presenbod bamming te manage vegetation compasition,
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hoanacement was explicit in its acceptance af the “halance of nature” paradiom
[Rooers and Testhizr 1997 The 19905 saw o draneatic change in he approach to
irggretierd. deven primanly through caternad imeenees (management decisions
Being serutmized by agencies ramging from impoverished seighbouring comniun-
ries to animnal welfare srpanizarions). In the past, imvasive alivn species wera afford-
ad low pricrity in the KNI with managerient efforts betng directed wwards other
wre rnditomally recogmised proldens and impacts, This resubiod moan anerease in
species nupabers and depsitics of intestations in the Park, while limited resourees
wie provided far alien plant clearinge, Until the early 19805, when the first “polio-
tien control™ officer was appointed, rangers were responsible for controbling imva-
sive plams in their sections. The mnitial focus of the newly formed poliution congaol
section wag ihe mechaswai and chemical control ol vanous plands, mainly along the
Subre Hiver (s well as solid waste mamagementh, bater the use of alomeal con-
o igerts il the development of mtearated conhrel stratemics started wiking forn.
I 200, Tollewing the tmermabional tremds o terromabogsy, the section adopted <he
nume of the Imvasive Alien Species Sectiom, with the aim of developing rescarch
and memulering programmeas to support and further develop manageteenl stratcaicy,
This further implies the monitonag of invasive non-plant species also bacoming
problematic in the park.

Simply attocating funding was insuMicicnt to lave an ampact on the alien
species prescnee. For invasive specics managensenl 16 be elicctive and recogmsed
s & Threal ta the Park, i1 mecds Lo be incorporaled into a system whershy the sys-
tem farves recognilion to be taken of the problems ab the correct level of manag-
ment, The sitwtesic adaplive mansgement svstem adopted by the KNP provides a
framesork for satting {and revisingupdating) soals and audinine the extent Lo
which these aoalz are realized (See appendix | ior ihe obectives of the Tmvasive
Alien Species Secton for the KNP Within the KNP manapement there was alzo
recoptition af the noew paradipmys o ecology and conservation olegy and the
wrealer newl for secountability snd ransparencey (Rogers and Bestbier 1997 ) These
processes led 10 the revsion of the KNI management plan and the adoption of
sirtemie adaptive managenient processes, Salient features of the new managemenr
process are discuszad helow

Strategic adaptive management amd T hreshalds of Pateniial Concern (TPCs)

The KNI managenient system 18 basad on & hierarchy of objectives, o the
coarsest/broadest objective  the Mission statemment  down to finer speeilie objec-
tves, Phe higher-level vision and abjectives serve upper management levels sath
stutements of sirategie mtenn, while lower-lavel goals provide unagers with spe-
cific, spatally and temporally bounded end points {Rogers and Besthier 19975
Threnlgh a combination of these abjectives, a stronz nmhi-faceted approach is taken
i the owverall contral programee. These love-leve] objeclives represcnl measurable
goals which are delned as Threshodds of Potential 'robable Coneern i TPCs), These
U'PCs teprasent the upper and lower ficits of acceptable change in coosystem siriug-
e, funcuon and camposition over time and ai a specitied spatial scale, A TP i3
reached when ane or more ol these limis are exceeded. Momitonng determines
when 1he oreseribed linies bave been excecded. A they stage, o TPO exceaded”



2 Fflemedfivn O Fooreweft angd Peocled W Riclialson

neitication may be submitted to the KNP Conservation Scrvices Managcment
Commietee. Table 2 shows the tipes ol mamigement coneerng and wssues. and Table
3 lists the TPCs ahled io dale,

To illustrste hosy 1he management system works, we digouss some examples
relating 1o fiee management, since much attention has heen given 1o denving
abjective T PCs for this sphere of mavavement. TPOs designed for fire manage-
ment concern’ 1n the KNP are designoed ro imdicate himits in the (Gre regimes Lhat
would sigeat polennal mmpacts on bawdversity, The presailing philosophy 15 that
variackos 11t e regime {frequency, season and intensity or fires) mamtains biodi-
versily (van Wiloon, Biggs and Potzieter F99E) The TPCY are measwred througl
freguency, £ how frequently is a partcular area being bursed and whether there
15 an aceeptable vanation o frequency. Another TPC theme i thar of “Turming,
drought and forage avarlalibiy”, These are monthly TPCs which are set and mea-
sured to deterniine, as the season priwgresses, whether ramiall and weld recovery ts
soffteient to allow Fires 1o proceed or to manage tires that are seen o be deleten-
als Lo veld condimon, Fire season mieasures the ratin of fires herween fate win-
terearly spone and late spring/summar. Fire sensity TPCs are propaosed in order
Ly evaluate whether ¢ ramge of intensities arc reached, a5 a mosaie of ingen~ities are
regmanided to provade tor increased Blodiversiy, Other TPCs that are defized inelude
Tre size distribution, extent of fires 0 any year, aed the cyuse of Fires a5 deseribed
i van Witoen, Brges and Poetgleter (1995),

Currently, TPCs dealing wih mwasive ahon specics wre based on o coarse
approach untit tightly de Mol muwmiternye provrammes ure establishad, TPCs listed
at this stage eay represent a Tirst record [or o new specics m the KNP or a (st
vrecord trom & new management uni, The st below indicates the TPCs drafted for
alHareg nviasive shion species as well as the TPC tistings for invasive species to
date.

Themes of T1PCs delined for fircasive alien specees:

I'TCs related to distribuiron:
Any new occurrence of an alien spevies in the KNP
Inmminent external threar by an alien species 1o the KNP

—  Extenston of range (first ever repont from a acw hlock, or from blocks not ¢on-
tizuoes with netzhbounng blocks)

—  Espansiom of blocks, which represents more than a 3% increase in distribution
over the nwmber of hlocks infected the provious yedr.

T s related to increase an densivy; (alt greas infested  blocks are measured in
madificd camopy cover cstimutes 1o assess plunt densiev. These densities are
arranged wio a number of classes)
~Annercase of density two classes uowards inany hlnck,

Cheeral] inevesse tn density

TPLs relating 1o rate of spread vs, pate of ¢leaning:
Number af new blocks infested areatzr than munber blocks clearad.
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ITowever, retinement and cabibrarion of the current imvasive alien species 1PCs are
needed o represent real and meaningful paint: of concern. TPCs need to show at
whitl rutes o mwvasion, or eredases 10 densily, manaocmeut needs W become con-
corned and imEate mamazemenl achions fo wldress the specific peoblem.

The list of “nclesed” {unresohed) TRCs Clable 37 gives the mmpression that the
main management concerns of the KNP relate to invasive aben species, and mivers.
It appears that the KNP janagement system snd processes are now structured in
sk o minner <o as t recopnise and regonl the seoogs impacts oo bioliversiny con-
servabhion and mek the tradiiaemally reeizmised nmpsets whoch are perhaps notof such
critical mmportance m ecosystem processes.

Innovatiens developed for the management of invasive alien
species in the KNI

In an etlort to enhange the contral of imasive species moa behstic manner, a fow
koy aspects were denlified as lacking and cfforts sere made w impleneal mes-
sures to rectify these svuations,

Same otf the aspects currently bemng targeted are:

[y An approved pohey povenmna the systomatic remupeal of weeasive alien species
from rest camps anmd stadt wardens
In 159949 a policy was sdoped by the KNP Management Cominiliee fion the control
of 1nvasve whicn plants in the KNP siaff villages and rest camps {gee Toxeroft
200 ). The policy documen] inghuded 8 survey of invasive alien species in the
Shkikwea stall wilbize. The speeies apsemibbiege representel any garden in oller sub-
ppical towms countrywide and wis of serious concern. The most senods spocies,
whose cscape into the surrounding arcas was imuminens were dwided ing three cat-
curories amd priovinsed gceording fo seed and other dispersal, numbers of phos i
the village. and om simikar belaviour portraved elsewhe. These specics are sys-
tematicably removed from the gardens, while indigencus alternatives Mo the
Shukuza nursery are prosnoted. The policy docurented the current applicable leg-
islation as well as other repulalions relevant 1o U propagation of plams in the KD
Abthonzzh nol welb receved by wll residenis, the policy, combined with an agares-
sive gwarcness campaign 15 hoped to develop an cillue of indigzenows gardeming and
restoring the atmosphere of the Livaveld svstem, while protcetmg (the sucrounding
areas from escaping irvasive species,

2y Taplementaion of a monitoring progratmne and a G1% based database
Previously, all recording aml knowledpe of the distribution of invasive alien species,
density responses and the epasts of elearing aperations o the KNP were Incom-
plete and poorhy decamoented, The corrent divvelbpment of aomoenionng progrmie:
for LTAS in the KNP aimy to assess and maomitor the extent of invasive abior planis in
the KNP acenrding 10 detimed comeria (TTPOS),

As there are corrently 366 abicn plant speeies listed o 2he KNB and managing
thems all eTectvely 15 an anpossible sk, detaled koewledee of the disinbution and
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density of the musst sericus Species 15 essential. Bailles need 1o be chasen wisaly bo
makimize benetits and iinmrse wnpacts, Efterts wall be made to memitar the mea-
surgment ol change in the abundance ard condision of weed populadions aver tme.
The chiel objeclrves of the monutoring strataey ane by fUllil e reguirements of the
I PCs s delned by KNP management. Thay ate:

Tor mewntor the shundance and densities ol alwn veectation morelavon W mdyee-

nols vegetation.

Tor meminor the impacl of alicn vegelation on biodiversatly

| Bise puteomics should provide an indicanion to assist management 1h determinng
stremgths amd weaknesses inthe physical clearing progranmes senl measwre the
responses of the weed infestaiions 1o the clearing operations,

b Parinerstips st the tatonal Fieding for Wi nrosrameas

1997 saw e launch of che first 1997 saw the Jaunch of the D project of the
Departenens of Water Affairs aml Torestrys Horting fr Harer programme [van
Wileen, La Maitre and Cowlhing 19957 in 1he KNP o bogst The Pack’s own alien
plant contrel Inmatives. Later the Powverty Beliel progrgmiens of the South A fncan
Coercernument [uunclad a Nurther prenect in The Parle with e smaoont of 126 naillion,
This project cmpleved HOK workers, Alopt B 20 millsn bas heen spent i the KNT
[y thie Hesding fie Wiefer programeame tovdabe o alicn piant contrel, mostly along the
IR Or FIvers.

4y Co-operadan wath wegd mterest arops” and lecal governmeant deparments
Coperauon with, ymed oaintaining the momentwin o, inwereal eroups involved 111
wanaging ahen plints, oF creaiing swarengss of peohlems assovtalad with alicos 1
an exseniial part of the shateey for managing invasive alien pliots i the BENP An
exgmtle ol ime growp awith which the KNF interacs s the Sabic River Conmlimieling
Commulee (SRCC), The SRCC. initiated me 1991, comprises local govermment
authoibes, muricipal authorities. private tandieamers, Torestty and goseralrom
authortties and other intaresied partioy. The main amm of the SRCC is o map the
extonl of imasive alien plants and co-ordinale a contiol progrmmme theeughout the
catelment with the sugport and wvalvement of the variovs landownees. Cther
aspects facilitaled by the SROCC are lmitiatives to impross water quality amd guanti-
ty, natural diversity, ihe promaolien of moltiple land ose thronzl oorsm and reere-
atacrny, and the oemalion of eovireaumental cthics and awarcngss,

Anotkar migrest group which was wbaled i P97 s the Alien Brvader Task
Grongy €AFTG; hpesiwwsasglekurikink icfasle: nemain, himy a national project
af the SANParks Henorary Rangers association. The AT has become one of 1he
main projects of the TTonrary Ravgers, longside the game capoure and relocadion
programmme and anti-peractmig progects, The AITO supperts the KNP Alicn Tista
Secuon through fumslrnising, asarensss and edocaion, providing cyuipmend, and
plhiveically cleating myvisive alisn spacias in rest camps. The AT ks stalts inlr-
ration displnes and provides panphbots and oibsr matenals 1o 1he growing game-
ranch indusoey
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Appendix E; Objectives ol the Invasive alien species section in the
Kruyger National Park

Alien Impact Objective

To ansicipate, provent cotry, eradicate or naiminaias the nfluence of fon-ind: menous oregmisms s s
o maindain the intesrity of native Bodiversicy,

Sub-objectives

Stralegic abpeelive: Tealigie the owerall seale of theewt of alien species, adiess oreanisational and
inlra-aructural capagity morelation oo wealistic needs, anl moster necessary resouces o address any
shaoslfall,

Preventisn abjective: 1o anticipate awmaent or pateacal reks of camy of alich spoeics into
KM and sot-up citeerive mochanisims to provent such eniey,

Eradication vbjecthve: Plan and mplement cradiention and:or confrol canipaizns [or alien species
alrcady within the KNP

Prohibitidiscourage ehjective: Frohibte the use ol inyvasive alicn spactes and discobcags (he 2slib-
Tishement or i darsmsrecteational wse o amy align spacies, |nrest camps e anly alien species oo
rently allowel are Dachrdocndam aviralis, Senopioi dimécdionon and N securdunu 85 lasn
s[LIEE,

Rescavch abjeciive: Lovelop an anderstandiog of the practically relevent aspects ol specilic alien
species and thair coneral, nsoatly m the follosang arcos
Aotecolopy of alicn specivs espectally repeoducton and disporsal
Theur ettect on biediversery
Efficsey of conteol measures, meluding cost effectivencss and enviromnensal secemability
Buimonmeits] impact of conttol vaeritions gnd prictivi weoommenditions oomnprove (he bagsis
i cottrol

Awareness objective: To pronsde an owarcness ol especially e lemg-lerm lngers of adizn species,
by influeneing percepiivms of stalT ansd pablic i soch a way as o achieve o ing aclive swpport fo
LOUNECT e ey,
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Chapter 19

Anthropogenic Influences
at the Ecosystem Level

STEFANIE FREITAG-RONALDSON AND
LLEWELLYN C. Foxcrorr

Anthropogenic changes are many and varied, exerting different levels of mflu-
ence at differeut scales. In the global environment these changes cause complex
responses strongly linked to ceosystern processes and are leading to unprece-
dented changes in global biodiversity. Sala et al. (2000 identitied the main
agents of change in savanna ecosystems as land use change, elevated €O,
increased nitrogen deposition, climate change, aud alien biota introductions,
At the same tine, aguatic systems are expected to be hugely affected by land-
use change, alien invasions, and climate change. These drivers increasingly
affect Kruger, which is also influenced by regional and local anthropogenic
impacts that acl at iner scales and over differing temporal time fraines.

Kruger, the erown jewel of South African National Parks (SANParks), pro-
vides considerable financial reveniies, Since its inceplion and sporadic devel-
opinent, management has been driven by a desire to minimize human influ-
ences and maintain “pristine” characteristics, no doubt shaped by the
romanticized European view of the natural landscape before twentieth-century
modernization (Carruthers 1995). However, even without overarchmg global
intfluences this noble mtention is contradictory because the Kruger ecosystem
has been and still 1s affected by hunman presence, direct and indirect use, and
managemenl policies and actions. The myriad positive and negative human-
induced impacts have all played some part in shaping the ecological and spir-
itual landscape of the Kruger we have today. These are overlaid on the geolog-
ical lemiplate, geomorphological history {Chapter 3, this velume), prevailing
climate, and ongoing spatial and temporal redefinttion through the forces of
nature, which 111 themiselves are being shaped indirectly by humans, This chap-
ter explores the varying liinan imfluences not covered by other chapters and
txammes their influences on heterogeneity.



Hinmans atfect the enviromnent throngh physical presence and in an mtangible
social manner through decision making, indnced conflicl, religion, and other
factors. [.ow population densities and low-intensity resource usc by Stone Age
hunter-gatherers probably would have constituted a low-impact period in the
Kinger's prehistory, and it s accepted that early humans did not shape the envi
ropment i a permanertt way (‘Table 19.1). Although savanna burning regimes
would have had sowe influence on the Kruger area, little is known (Chapter 7.
this volume). A mediunvimpact period followed during the Iron Age, dominated
by metalworking skills and u more residential ifestyle based on hunting and pas-
toralisin {Plug 1987; Carruthers 1995; Table 19.1). Population numbers in what
is today Kruger are thought to have peaked around 15,000 in this period, result-
ing in localized homogenization of the ccosysten: through agricultural praclices,
Nevertheless, Kruger 1s considered to have been a marginal or transitional arca
in terms of cultural-historical occupation and farming, with population fluctu-
ations doven by climatic factors and discase (Mever 1956).

From Colonialism to Conservation

The first non-Africans influencing the Kruger area were Arabian traders up to
the cighteenth century, followed by the Portuguese control of the gold and slav-
erv trade through East African ports and Dutch and Voortrelker pioneers a cen-
tury later (Pienaar 1990; Carruthers 1995}, The tsetse fly, carmying blood try-
panosomnes, no doubt slowed down esploration, exploitation, and settlerment of
the lowveld by Europeans in the nineteenth century. Although the tselse fly
was severely decimated during the rinderpest epizootic of 18961898 and ensu-
ing drought (Smuts 1982), malaria and horse sickness in the wet summer
months also posed a signihicant deterrent {Chapter 17, this volue).

The development of Kruger had its beginnings in the recognition that the
impacts of humans on lowveld game populations and hunting prospects in the
late 1800s and early 1900s were unsustainable and that the game needed pro-
tection (Chapler 20, this volume). luwpacts of professional hunting in the erst-
while ‘Transvaal were enormous (Carruthers 1995}, and the decimation of ele-
phant pupulations must have influenced struetural helerogeneity in the reglon,
but to what degree is difhicult to assess.

Establishment of the Sabi Game Reserve in 1898 saw the first separation of
the human component from the landscape when seattered villages were resel-
tled west of the boundary (Pienaar 1990; Chapter 20, this volume). Over tun€
Kruger became renowned tirough its wildlite research and management pro-
grams, mirrored by staffing structures, but the basie philosophy of protection-
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istn prevailed. Nature conservators set the standards and norms based on biotic

and abiotic associations, generally excluding the hunan component from the
historical or managenient landscape. In contrast, it was soon noied that for con-
servation objectives lo he met, the public had to be allowed access to Kruger.
This resulted in the development of tounism facilities and infrastructure, in 4
mannier atnted al maintaining the natural gualities of Kruger us far as possible.
This essential paradox continues to this day, often with tension between activ-
ities (such as road construction) and the intended philosephy (minimum inter-
ference) behind them.



Froclamaton of Kruger and its torerunners restet! on bwo main dnvers, pol-
ities and concern about the overexploitation of the region's wildlife (Carruthers
1995), although populations of species such as eland and buffalo were decimated
by the rinderpest panzaotic, not hunting pressures {(Chapter 17, this volume).
- This resulted i houndary definition, fencing and protection, and road and fire-
break development to facilitate much-desired control over the area. Since that
time the Kruger ecosystem has been shaped by evolving game management
practices, including water provision (Chapter 8, this volume}, fire management
{Chapter 7, this valume), elephant management (Chapter 16, this volume), and
disease {Chapter 17, this volume}. Changing management philesophies have
aftected how these impacts were dealt with and the intensity of their outcomes
in time and space (Chapter 4, this volume}. Management patadigros evolved
with increased understanding af the ecosystem, scientific advances, and theo-
rebical developments. This includes the notian of stable states, the balance of
nature versus fluctuations, and the implicit goal of managing for ecosystern
health and heterogeneity rather than homogenetty, as well as a perceived nation
of untouched primeval naturalness and wildness (Chapter 1, this volume),

Boundaries and Fencing

The Sahi and Shingwedz: reserves were characterized by low species densities,
local extinctions, sparse seftlement, and seasonal use by humans, {n 1926, procla-
mation of the Kruger National Park resulted in western boundary definttion
through negotiations with landowners, without considering ecological boundaries,
Main drivers of boundary fencing were the protectionist segregation philosoplw to
conservation (Carruthers 1995; Chapter 20, this velume), veterinaty conkrol
requirements {Chapter 17, this velume), and political boundary definition with
Mazambique and Zimbabwe. By 1976 Kruger was entirely fenced, although seg-
ments were again removed trom the mid-19%0s onward as neighbonng consenva-
tion-oriented holdings went into agreements with Kruger, Although somie bound-
ary adjustinents and land swaps have had political implications only, othess have
resutted in hiodiversity losses, Of significance were the 19601961 and 1967-1968
southwestent boundary changes that excised areas west of the Nsikazi River,
including Numbi Hill, to facilitate provincial road construction. This resulted
lass of unique habitats from Kruger, including the last permanent refuge of red
duiker, the only suitable habitat for onibi, and some of the best grey rhebuck anal
favored roan and sable habitat in Kruger (Pienaar 1990), Fencing not only affected
these locally rare species but also affected eastwest migratory patterns of wilde-
beest and zcbra populations (Whyte and Joubert 1988),

Compounding impacts of feneing include highly local effects such as injury,
maiming, and death of individuals, subpopulation extinetions (Joubert 1986},



individual, they are not hig when considered at thie populanon dynarcs scaic.
In contrast, positive spintoffs inciude facilitating boundary patrols through asso-
ciated road construction, inhibition of poaching activities, prevention of siraving
or luring of rare or human-conflict specics, and barriers to spreading of disease
{Chapter 17, this volume). Nevertheless, effectiveness depends on adequate
fence maintenance, which often is not the case. Siinilarly, the exact positioning
of Kruger's legal boundary is ill defined along certain rivers and remains a con-
troversial point of friction between Kruger and riparian neighbors.

Fences have separated land management practices, resulting in sharp fence-
hine contrasts. These are gencraﬂ}f unquantified in the Kruger context, and
visual interpretation of changes in heterngeneity may appear harsh, although
plant diversity {all species weighted equally) may be higher in adjacent comn-
intmal lauds (Shackleton 20003, Wit or without fences, the effective size of
Kruger is gradually shninking in certain arcas through land-use change and
encroaching development, whereas the “Greater Kruger Park™ expands in other
areas as private and provincial conservation arcas are incorporated.

Animal Population Management and Poaching

This has historically been a central focus of conservalion and research activities
in Kruger. Large herbivore responses to protection measures defined manage-
ment actions, and by 1912 it was believed that most populations responded
well. Stevenson-Hamnilton's game laws prohibited illegal killing of wildlife,
rangers were appointed to enforce tegislation, and by 1925 herbivore popula-
tions had recovered lo pre-explottation levels of around 1880, Herhivore pop-
ulation Auctuations were monitored and ascribed to envirenmental conditions
or management actions, will: severe population declines or inereases resulting
in population management activities {Joubert 1986}

Population Augmentations

The Game Reserves Comnmnission made provision for reintroductions and arfi-
ficial regulation of game nambers i 1918, with no formal policy until 1949,
"This policy vacnum resulted i consideration of exotic speties introductions,
although these propesals were not implemented becanse funding was insufh-
cient. Later, numerous inlroductions, reintroductions, and translocatious, par-
licularly of antelope species, ook place (Table 19.2}. Most occurred after the
advances in wild animal capture and care lechnigues of the 1960s, which paved
the way for acceptable and safe means of effecting translocations. Rliino con-
servation has been at the forelront of these efforts. 'The last naturally occiiring



SPECLES

DATE REANTRODBUCTION SUCUESS
White and Numerons  Numercus Highlv successful.
black rhino
Crested 1930 20 sent to Kruger Appareutly successful.
guinea fowl
Lichtenstein's 1983 6 from Malawi Suceessful but with much
hartcheest effort: 65 released from
Nwatshitsurshe camp, 30
trom Hlmgwine camp. Stil)
breeding i the camps.
1986 15 As above,
Roan Unrecorded 12 from Zimbabwe ta Unsuccesstul; did not adapt,
antelope Hlangwime camp primarily because of tick
burdens. Population
depleted by anthrax and
drought in 1960s and 1970s.
1984 To Rietpan areq Unsuccesshal,
Mountain 1974-1976 370 trenn Mountain Population healthy, often
reedbuck Zebra National Park to seen,
Stolznck
Crrey thebok 1978 20 from Golden Gate Limited success, Suitable
Ihghlands National Park  habitat is lnnited in Kruger;
te Khandizwe plateau this 15 probably the onlv
suited area {west of
Malelance)
(xibi 1962 29 from Badplaas to Fayi  Unsuccesstul. Unswitable
camp (Pretoriuskop) hiabitat (Novellie and Knight
1994,
19721973 9§ from Badplaas Unsuccessiul. Did not adapt
released between because of limited suitable
Stolznek and Inghveld grassland hahitat
Pretoriuskop and fire regimes.
Aardwolf 1962 Badplaas (with the oribi)  Unknown.
1979 3 released at Punda Unknown.

Maria from Natal

(continied}

white and black rhinos were scen in the region in 1896 and 1936, respectively,
and reintroductions of white rhino began in 1960 and were followed by black
thino reintroduction in 1972 (Pienaar 1970; Pienaar 1994). Kruger's healthy,
expanding white rhino population, estimated at arouund 5,000 animals, is now
used for translocabion ta other areas as part of the white rhino conservation pro-
gram, with 40 to 100 white rhino moved out of Kruger annually. Most other
Kruger reintroduiction efforts have been wnsuccesstul (Table 19.2). Although
this can be atiributed to exclusion of suitable habitat by boundary changes over
tinte in some instances, linited data are available to adequately assess reasons
for success or failure. Success rates are highly dependent on habitat suitability
and size uand comrposition of the founder group, but documentation of dates,

numbers of annmals, and success rates remains poor in conservation circles @
a whale (Novellie and Kmacht 19943



SPECIES DATE REINTROTRUCTION SUCGESS
Suni 1952 4 released at Punda Linknown.
Maria from Natal
1959 20 from Natal. 9 lvom de  Did nof do well in captivity,
Wildt to Skokuza pens
Red dutker 1972 27 [rnn Maricpskop to Unkniowar.
Shabinkop, Newukop,
and Sabie River
1981 21 released between Unknown.
Sabic and Sand rivers
Nyala 19354 21 broughl romn Natal o Sweeessful. Regulurly seen
Sabic River along ’%Luknza—[ ower Sabie
tarred road.
Eland 1971 27 from Addo Eleplundt Vulnerable to high tick counts
' National Park o anel few calves vaised:
Hlangwine camp released fromn the camp and
supplemicuted with bulls
from nurthern Kroger.
1972 6 from Mountain Zebra As above.
MNational Park to
Hiangwine cainp
Sable 1970 19 from Crocodile River 1] released o
antelope Estates at Hoedspruit to Nwustubsumbe camp bred
northern Kriger well, and 64 animals were
released in 1976,
Samango 1982-1988 95 from Lintabeni near SomgHimes seen in the Pafur
mankeys Louis Trichardt released  area.
along the Tuvuvhn
River
Cheetah 1968-1969 34 from Namibia to Very limited success.
Tshokwane, Malelane,
and Crocodile Bridge
areas
Tsessehe 1972 Unrecorded nambers Heavy miortalitics, but 4
taken: from the north of - survived.
Kruger and Hoedspruit
to Hlangwine enclosure
1978 2 bulls fram Percy Fife Unrecouded.

Reserve to Hiaugwine
CaMp

Population Reductions

With an early approach to management described as praginatic intervention,

Population reductions of various species were a regular feature. Tnitially this
targeted predators (considered overabundant vermin, Lhreatening stock, human
dives, and conservation efforts), with control peaking in 1911-1920 and
19511960 in response to concerns about sinall or declining ungalate popula-
tions (Figure 19.1). Aims and objectives of culling changed under the influ-



ence of differenl wardens (Smuts 1982}, officially ceasing in 1975, Impacts of
these actions on lion and other predator populations in Kruger are speculative.
Although they would have led to reduced populations at specific times, high
reproductive rates and timover may have buffered the population from extrene
nmpacts, and knock-on effects probably were not significant in changing her.
bivore densities and structures. This contention is based on the outcomes of
mtensive hion and spotted hyena culling between 1975 and 1980, which
resulted in negligible population impacts on liens and their prev populations
{Smuts 1978; Whyte 1985; Chapter 18, this volumne}. Today, camivore popu-
lations ont Kruger's boundaries result in antagonistic encounters with neigh-
boring conumunities. Costs of repatriation of animals are high, and often “prob-
tein animals” are killed or hunted on or along the boundaries. This edge effect
probably is synmiptomatic of the Kruger source area not having a sink to which
excess aninials can migrate and naturally be removed from the system,

The 1960s und 1980s were characterized by large herbivore population control
(Figure 19.1). In 1965 thie board authorized astificial control of elephant (Chap-
ter 16, this volume), buffalo, hippo, giraffe, wildebeest, zebra, and 1mmala, based
on the principles that large herbivores are limited by water and grazing during
droughts and that high-density species could affect habitat and species diversity
and compete with rarer species. Snmlarly, culling during high-rainfall periods was
motivated by the constant fear of drought. From 1985 onward, 4n alternative to
culling, providing hnancial retan, became standard practice through the capture,
sale, or donation of species. Numerous animals have been franslocated from
Kruger, increasing the budget available to SANParks for land acquisitions. The
inost significantly affected species is the white rhino, with an anmal sale and
translocation of 1-2 pereent of the population. Black rhino are removed o a lim-
ited and ad hoc basis, usually to boost populations in other national parks or for
political reasous. Although clephant translocations have been limited m the past
because availability of alternative ranges 1s Jimited, the recent transfrontier agree-
ment has resulted in the mitiation of largescale translocation of this specics 0
Mozambique. Impacts of such actions on the overall Kruger ecosystem are
unknown but are surely limited in the currenl framework of operations.

Poaching and Hlegal Fxploitation

Poaching has received attention since Sabi Game Reserve proclamation. with
Stevenson-Hainilton establishing the first antipeaching unit 1 1903, Common
practices of snaring and fshing became illegal with the protectionist approach
at the end of the cighteenth century and resulted in conflict around sccess t©
natural resources (Carruthers 1995; Chapter 20, this volume). These practices
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FicURE 19.1. 'lotal recorded numbers of animals culled in Kruger (excluding
elephant}. Data from joubert [ 1986,

would have had an insignificant impact on game populations, but this changed
with the advent of organized rhino and elephant poaching in the late 1970s
and early 1980s. Poaching mcidences have fluctualed in recent tines, linked to
increasing poor populations on Kruger’s borders and a high demand for rhino
horn and ivory {Figure 19.2}. 'Today’s antipoaching operations are highly orga-
nized and logistically and financially well supported and play a deflective and
proaclive role outside Kruger’s boundaries. Success has been achieved through
informer networks, general education, and counlerincentives, with poaching
operations well under contro] at present (relative to other conservation areas in
Adrica) and considered to have liniited population effects (kigure 19.2).

Lven rough cstimates of illegal exploitation of plant resources in Kruger are
difficult (Botha 1998). Although Botha et al. (2001) allude to occasional non-
commereial harvesting, i is speeulated that substantial ainounts of medicinal
plant materialy leave Kruger. The annual South African trade in medic-

“inal plants has been estimated at around $500 million, with an estimated
494-741 tous from 176 specics used in Mpumalanga per year (Botha 1995,
Botha et al. 2001}, Some resources are harvesled iu Kruger because they huve
become scarce elsewhere, and others are collected by resident staff with casy
access (e.u., bark in Skukuza staft village). Harvesters generally select for size to
maximize their retums (Botha et al. 2001}, which may affcct population
Tecruitment in rarer or slow-growing and maturing species. Increasing demand
for such products will exert increasing pressures on wild populations if long-
term resource management prograrns are not established. The exact impact of
these practices is unknown but has the potential to lead 1o local species extine-
tion, as has happened in areas outside Kruger (Botha 1998).
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FIGURE 19.2. {a} Kruger rhino poaching incidents between 1980 and October 2002
White and black thino numbers are indicated by gray and hlack bars, respectively,
(h) Klephant poaching incidents in Kiuger between 1980 and October 2002, The
Convention on International ‘Irade in Endangered Species ban canie into effect in
1989-1990

Tourism

Kruger's appeal as a tourist destination is enormous, and it is a major driver of
cconomic development in the region. This, together with its annual net
imcome, has led to Kruger being perceived as the goose that lays the golden egg
(Ferreira and Harmse 1999). Fconomic and political pressures to inerease rev:
enue generation, attract more visitors, provide benefits to neighboring con
munities, and become more accessible often are juxtaposed to maintenance of
attraction mtegrity and long-term sustainability of economic and environmen-
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stimulus but carvies with it impacts and environmental costs that constrain activ-
ities and may result in degradation of the resource base on which tounism i
centered. Sustainable operations must do more than merely stemn and mitigate
negative impacts; critical links between tourist numbes, thresholds of use, and
enviromnental impacts must be considercd and understood.

Tourisim and its role as revenue generator were entrenched in Kruger m 1926.
‘The opening of Skukuza, Satara, and Pretoriuskop camps m 1928 followed the
winter opening of the Pretoriuskop section for day trips in 1927, [lot water pro-
vision was considered in 1933 only after long debates over whether this consti-
tuted a1 unnecessary luxury, and pit latrines were replaced by waterbome sew-
crage systems in 1961, Since 1926, tourisin has increased dramatically, with peak
figures reaching almost | million visitors per anpum in 1997-1998 (Figure 19.3).
Facilihes and infrastructure have expauded, and services and experiences have
diversified in accordance with the National Parks Act (No. 57 of 1976, as
amended), which provides for sustained use of national parks “for the benefit and
enjoyment of visitors,” a provision that has been debated over time (Braack and
Marais 1997). Throughout Kruger's history park managers have expressed con-
cern that fourist pressures were approaching capacity levels (Braack and Marais
1997; Ferreira and Harmse 1999), including issues of traffic congestion, over-
use of facihities, and impacts on visitor enjoyiment. Peripheral development and
social carrving capacity principles were first considered in the 1940s, aimed at
siting new developments close to boundaries and avoiding enlargement of cen-
trally located camips. Tourist mumber control strategies were amended over time
and inclided limiting camp size, developing advance booking systems, limiting
overnight and day visitor numbers, implementing vehicleiroad length ratios, and
zoning Kruger for development and use (Ferreira and Harmse 1999).

Balancing Conservation with 'Tourism

The importance of balancing conservation achievement, scienlific value, eco-
nomic viability. and cultural value was recogmized in 1962. [t was argued that
conservation success cntailed economic retumns and that nature conservation
was for the benefit of humans rather than for its own protection. The impor-
tance of recreational value in its widest sense included spiritual, intellectual,
and physical renewal. Therelore, in the mid-1970s interpretive serviees’ role
mcluded disseininating knowledge and increasing wisitor sensitivity for conser-
vation issues, arguing that the ill effects of lourisim could be reduced by reduc-
ing visitor ignorance {Joubert 1986),

More recently, the needs of tourism and conservation have been addressed
througlh zoning techniques. Nevertheless, zoning has been a source of debate,
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I1GURE 19.3. Numbers of annual visitors 1o Kruger since 1928, The total includes
all foreign, local, overnight, and day visitors, but foreign visitor numbers are included
in both the overnight and day categories.

with contention revolving around the basis, definition, and size of zones, their
desired qualities, use, and management (Freitag-Ronaldson et al. in press), Per-
cephions, expectations, and interpretation of zoning no doubt have resulted in
much of the debate. Wilderness management and zoning have become a cor-
nerstone objective of the Kruger management framework {Braack 1997} and
resulted in the Reereational Opportunities Zoning (ROZ) policy, which guides
infrastructural and ceotourism development. This provides a heterogeneous
template for directing Jevels of ianagenient and tourism activities. It is based
on the premise that grades of wilderness experience and opportunities should
be made available to visitors without impeding biodiversity management goals
(Venter et al. 1997). This policy is under review because of ongoing challenges
and a perception by some that it restricts tourisin expansion.

Dealing with Tourism

An annotated tist of visitor-influenced wildlife impacts in Kruger points toward
some effects on the structural, functional, and compositional aspects of biadi-
versity (Freitag-Ronaldson et al. in press). Although <3 percent of Knuger 1s
directly disturbed by infrastruclure, the overall impact of tourism activities on
all aspects of biodiversity is poorly understood and often is not recognized
explicitly. Although direct resource use {water, wood, gravel, waste geﬂeratiﬂli}
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activities or nfrastructure projects are planned. For example, the practice of
vaiding firewood from the ficld for visitors reached such enormous propor-
fons that it was considered unsustainable and was replaced by liquid petro-
leum gas, commertcial charcoal, and wood from exotic species. An mdication
of the scale of such use s reflected in the 2000-2001 liquid petroleuin gas sales,
which reached more than $27 000 at picnic spots alone. Other unquantified
side effects of tourisis in Kruger include road network development, water use,
waste generation, and electricity consumption and may even include vehicu-
lar emissions, Sustainability of development is being investigated holistically
through evaluation of the overall human ecological footprint (resources con-
sumed and waste generated) in all parastatal conservation areas.
Developmentsl and revenue generation forces increasingly threaten the
greater sense of place in Kruger. Added pressures around the borders impinge on
this conservation area, effectivelv reducing the nomimpacted core area and the dis-
fribution of wilderness attributes sought by visitors. A zoning svstem alone will
not provide a holistic approach to the protection of tourism qualities, an inte-
grated environimental management approach is needed. Kynger must consoli-
date a balanced plan to guide further developnient, combining societal valnes,
biodiversity conscrvation, precantionary principles, and sustainable development.

Roads

Road ccology (Foreiman and Alexander 1998) has received little attention, even
though the conspicuous presence of roads fragments the Kruger landscape. Road
impacts operate on {wo primary levels: the individual, species, and population
level und the ecosysten: process and landscape level. The former upacts influ-
ence abundance, distrtbution, mortality, and c¢olomzation rates (Tsluguvho
2000} and includes road kills {with spates of mortality, probably in seasons when
vuinerable species forage more trequently on roads or night tratfic rates are
higher), road avoidance by animals because of noise, and barrier effects with
possible demograpliic and genetic consequences of population subdivision (For-
man and Alexander 1998), At the process level, hydrological, erosion, sedimen-
tation, and chemical effects, nutrient eyeling, and alien invasion impacts are
operating. From ohscrvations in Kruger, this seems to be limited nainly to the
road edge zone, althongh this is worthy of investigation. Similarly, little is known
about the wider scale cffects of habitat and landscape fragmentation, which miay
affect a variety of species, communities, and ecosysten functions. Certainly the
impacts of roads will be species, ecosystem, or landscape specific, varving with
road type and associated characteristics { Tshiguvho 2000,
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There were no vehicles in Kruger in 1926, and the Selah railway, pack donkeys,
and horses were used for fransportation. The necd for roads accompanied increas-
ing management requirements and the advent of tourisuy, with the first car tracks
opencd in 1928 and the first road tarred in 1961 Since then, the road network
(including firebreaks, management roads, and airstrips) has expanded to 7,926
kilometers, dramatically increasing between 1956 and 1970 (Figures 19.4 and
19.5). Here we conservatively estimate the immediate road verge effect by buffer-
ing roads by twice their widih (an arbitrarily selected buffer width, with gravel road
width = 6.5 m and tar road width = 12 m, conipared with maximum mad verge
transect widths of 20 m in the Tshiguvho et al. [1999] study). Tlus results in a cor-
responding immediate mad-affected area of 29,751 ha, or 1.5 percent of Kruger's
surface area. Generally these effects operate at the local and individual scale, with
negative effects mainly on invertebrates, simall mammals, and timid game specics
(Pienaar 1968) and positive effects on species such as scavenging ants (Tshiguvho
2000) and plants (e.g., Colophospermum mopane, Dichrostachys cinerea), which
have encroached road verges,

Of greater environmental consequence are fragmentation effects, poorly
drained or badly planned road nelworks, and erosion problems as well as the
impacts of maintenance and construction activities such as gravel use. Alihough
no quantitative data exist, a high proportion of unnatural crosion 1s associated
with road-building activities in Kruger, most severe in duplex soil types. Gravel
pits reflect the envitommental costs of road building in Kruger, with more than
12.5 million m® of gravel excavated over the years (Table 19.3). Al main-
tenance cstimates of 713,000 m® of gravel are influenced by rainfall and flood



[1929

s e g g

e Tourist Camps
Ropads 1925

/\ S Tourst Road
[j KNP Boundary

| e Tourist Camps
iRoads 1948

I Tourist Road
KNP Boundary

y R ¥
[CH i 51 120 120 ) M Glemeters
L ey e
I ™ = B
9591 2000
» Tourist Camps w Tourst Camps
Roads 1369 Foads 2001 b
A tManagemeant /& L ~~ . Management ¢
~ Firebrcak Road " " Firebreak Road E
A\ Tourist Road 7,/ Tourist Road )3
[} KNP Boundary 7] KNP Boundary BVa j‘
7 oo kit L _..:E
\ ) \ L J

FIGURE 19.5. Tourist and management road networks of Kruger at different times.

events; almost 500,000 1m® gravel was used after the February 2000 Hoods.
Approximately 1,000 gravel pits of differing sizes, depending on gravel content,
construction needs, and locality, are largety nnrchabilitated. 'They are unsighily
and have other detrimental effects such as withholding water and acting as
unnatural waler sources thronghout the vear, sometimes in arcas that animals
would have otherwise vacated in the dry season {Chapter 8, this volume}.
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size, with three ot four old blocks now constituting new burn units. However,
not all roads have the same ecological impact, and fragmentation levels may
become meaningful only if considered m light of specific policies (e.g., fire
policy) or road type. At first glance Figure 19.5 appears to show that all areas
of Kruger have been developed with roughly the same density of roads since
1969. However, 1if main paved roads are considered to have the highest
impact, the southem area has been affected longest and has the highest frag-
mentation levels. Therefore, homogenization of spatial processes probably
has been greatest in the south. Road use for fire managenent has also affected
the systeni. Bur blocks und fire regimes and policies (Chapter 7, Lhis vol-
mine) no doubt played a part in vegetation homogenization in blocks (espe-
cially during the perimeter burms placed around blocks) with sharply defined,
finear burn boundaries. Fven pomnt bums are atfected by firebreak and tourist
roads, which will continue to shape burn boundaries, although to a lesser
degree.

Road nelworks and gravel pits have a variety of ecosystem impacts that may
be of extremely long duration, even after decommissioning and rehabilitation
efforts. Therefore, Pienaar (1968) urged the utinest care during road construce-
tioin, noting that “wherever a road is built through wild country, this area can
uever agaiti be the same, and whether the influence of such a road 1s benehcial
or detrimental to the ecosystem, it is bound to be profound” (p. 174).

Limited rescarch efforts have addressed the effects of powerlines, or the com-
bined impacts of roads and powerlines, on Kruger biodiversity. Overhead pow-
erlines are unattractive, and ongoing pressure against any such expansion is evi-
dent. Reticulation lines may result in raptor clectrocutions (van Rooyen and
Grantham 1998), although somne remedial action (design featurcs or additions
to prevent electrocution) has bheen laken.

Kruger would benefit from development of an overall framework on road
nnpacts and road ecology research, designed to better quantify and understand
these effects, particularly with ongoing pressure to build niore roads and tracks
in coucession areas (Chapter 1, this volume).

[nvasive Alien Specics

[nvasive alien species pose the second greatest threat to global biodiversity
(IUCN 1997). Impacts include replacement of diverse systerns with single {or
mixed) species stands, alteration of soil chemistry, geomarphological processes,
fire regimes, hydrology, extinction of compositional diversity, and threats to
indigenous fauna {Cronk and Fuller 1995), displacement by competition,



Caonservative estinates of gravel quantities used for constryction
and maintenance of the Kruger road network {as vupplied by the
Kruger Roads Department).

AVERACE AWERAGE CUMILATIVE GRAVEYL

LS TANCY WIDTII GRAVEL DEP1H LUSED
ROAD TYPE ta1) {x1) LEED OVER TIME (M) v ?)
Gravel tourist roads 1768000 &5 0325 2,873,000
Tar roads SR5000 12 0.5 8,496, 00
Graveled managementroads  737.000 6.5 0.25 1,196,000
{firebrcaks)
Airfrelds 12,300 30 0.5 192,000
Total 12.757.000

reduced structural diversity, increased biomass production, and disruption of
prevailing vegetation dynamics (van Wilgen and van Wyk 1999). Fusthermore,
Richardson et al. (1997} suggest that in southern Africa the destruction of ripar-
ian habitats is a key impact, and alien plant invasions have directly resulted in
the extinclion of species.

Kruger has been invaded by numerous taxa, particularly plants. Undesir-
able effects of alien plant species were first recognized in 1937 by Stevenson-
Harniiton, who stated that the introduction of exotic types of fauna and flora
“should be 1cligiously avoided” (Stevenson-Hamilton 1937, p. 260). Neverthe-
less, policy proposals over time (prohibiting cultivation of exotic species and
supporting their remmoval from Kruger) did niot significantlv affect resident staff
attitudes toward their gardening habits or the growing threat of alien plant inva-
sions. The first alien plant list of six specics was compiled by Obenueijer in
1937, and the current Kruger estimate stands at 367 species (Foxeroft and
Richardson 2001; Figure 19.6}. Most habitat types have been invaded, with dis-
turbed habitats inost affected (rivers, rest camnps, staff villages, and road verges).
In 1997 invasive alien species were bighlighted as posing a great threat to bio-
diversity conservation in Keuger, highlighting the general lack of institutional
learning aud recognition over time of the long-terrn threats posed by alien plants
(Foxcroft and Richardson 20011,

The overcinphiasis on compositional diversily has been accompanied by an
inadequate awareness of structural and finctional diversity and the role of inva-
sive specics in diiving svstemns into more heterogeneous or homogenous sates,
Sinuilarly, Kruger research surveys are ot designed to specifically explore direct
bit‘.‘ldiﬁ:‘l‘ﬂit}f impacts but implicitly assume that such impacts are negative and
undesirable. One measured bindiversity response came through an experiment
on ethcacy of control methods for Lantand camara, which showed that there
Was a significant increase in biodiversity after its chemical removal (Erasmus et
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FIGURE 1g.6. The number of invasive alien plants reported in Kruger surveys
between 1937 and 2001 {data from Obermeijer 1937; Codd 1951; van der Schijff
1957, 1969; Gertenbach 1955; MuacDonald and Gertenbach 1988: Anoi. 1995, 1996.
Foxerof 1999, 2000, 2001,

al. 1993). At this point Lanfana camara is considered the most serious riparian
invader, covering an area of 30,028 ha, with some patches having attained 100
percenl cover in lhe past. Ongoing control efforts and frequent flooding Lt
its prolifcration, although propagule pressure from surrounding areas facilitates
reestablishment. The impact of terrestrial invasives such as the Cactaceac (spe-
cifically Opuntia stricta in Kruger) is pronounced. It has been shown that
Opuntia stricta affecls vegetation structure in densely infested arcas of Kruger
(Lotter and Hoffmann 1998). Experiential evidence indicates that in a fire-
dominated savanna such species disrupt natural ecosystem cveles where they
form dense infestations, excluding other plants such as grasses, affecting fuel
loads, fire frequency, and intensity. Whal we don't yet know is whether specics
with allelopathic properties inhibit establishment of indigenous species in their
close proximity, increasing the disturbance cffect and providing a niche for
other invasive species or for the expansion of their own range,

Control efforts initially were aimed at eradication, beginning with Melid
azedarach in 1956 (Joubert 1986). Eradication attempts generally have been
unsuccesstul. Control efforts now recognize the more realistic target of 1nain-
taining infestations at acceptably low levels (the dehnition of acceptable is not
rigorously defined but varies by species and refers to the logistical resource needs
for controlling alien plant populations). Management operations involved
mechanical and chemical means and were improved by the use of registered
herhivides with initial research and funding addressing herbicide efficacy and



npationally acpioyved imuanve almed at poverty rehiet mrough employment of
people to remove alien plants) have injected miore than $4.2 million (at 1998
exchange rates) into Kruger since 1997 and cleared more than 8 million alien
plants by 1999 and 92,700 infested ha since then (this change in measurement
of effectiveness follows the changed nomenclatine used in the program). Most
alien species occurring in the hicld and along river courses (i.e., excluding those
found in rest camps and staff pardens) have reached ¢lose to maintenance lev-
els, necessitating anmual follow-up breatnients. Introduction of biological agents
by the Plant Protection Research Institute began in 1985 to control Pistia stra-
tiotes. Since then an additional 16 biocontrol agents have been introduced, with
varving success rates, and have provided an additional tool now used widely in
integrated coutrol programs in Kruger {Lotter 1996, 1997; Lotter and Hoffmann
1998). Nevertheless, bioconlrol has not alwavs provided the shorttenin effects
demanded by management {Box 19.1), with fluctuating cycles of plant diebacks
and recovery as biocontrol agents track their host population demographics.

Management by Objectives

Until recently, chansmatic aspects ot wildlife management received dis-
proportionate attention and budget allocation, with alien control operations
recerving lower prionty (Foxeroft and Richardson 20013, The 1997 manage-
ment-by-objectives approach in Kruger sparked a strategic adaptive manage-
ment response to wvasive alien research and control, integrating science and
management more tightly than before. A monitoring and goal maintenance
system (Bestbier et al. 2000) provides a structared approach enabling multi-
ticred threshold of putential concern (1'PC) assessment (Figure 19.8; Chayp-
ter 4, this volume). The first-order TPC states that all invasions into Kruger
are undesirable and must be prevented where possible. Therefore, 1PC noti-
fication follows the first record of an invasive alien plant approaching or enter-
ing Kruger. As these plauts disperse, second-order prevention-of-spread 'TPCs
are activated, aimed at reducing the dispersion of the species. These arc fol-
lowed up at the third level, which strives for suppression of plant densities
(i.e., TPCs come into cifect when densities increase by a predetenmined
amount}. Consideration is given to prionty taxa most likely to become trou-
blesome, maintaining them at minimum levels, whereas other species are not
controlled and fluctuate without intentional intervention. Scale issues
are important in successful control program implementation because the def-
/inition of priorities changes at different scales. Species significant af the
Kruger level therefore may not be as important to control at the regional o1
nalional fevel, and species reported at the level of a ranger section may not
Carry much weight when viewed across the ¢ntire park and weighed against



BOX 1g.1
Biological Control in Managing Alien Plants in Kruger

LLEwELLYN C. FoxCroF AxND JouN H. IHorrMmans

Biolagical contral has been nsed to manage several alien invasive species in
Kruger, including Opuntid stricta, 1.antana camara, Pistia stratiotes, Salvinia
molesta, Eichhornia crassipes, and Azolla filiculoides. ©O. stricta is the most
problemiatic invasive species in Kruger, with more than 30,000 ha in the
Skukuza region invaded to various extents (Lotter and Hoffmmann 1998). His.
torically, the invasion displayed a typical lag phase, with plants remaining
scarce and Imited in geographic distribution. However, i recent years the
dispersal and densification of the species have been rapid despite intensive
contrel efforts (Tigure 19.7). Initial control efforts relied on chemical herbi-
cides, but they failed to produce satisfactory resnits, Iargely because of the
extent of the infestation and shortage of labor.

Area (ha) infested with Opunfia stricta
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To unprove control and linit expansion. biclogical control was initiated
iz 1988 with the introduction of Caetoblastis cactorum {Lepidoptera: Phyc-
ttidae). ‘The release was successful, aud the moth readily becanie established
in Kruger although, for unknown reasons C. cactorum has not reached effee-
tive levels of abundance for O. siricte control (Hoffmann et al 1998a,
1998b}. Nevertheless, C. cactorum plays a inajor role i curtailing regrowth
of Q. stricta in nfestations treated with herbicides. This strategy provides a
rare example of the successful inlegration of biclogical and chemical con-
trol methods and has achieved substantial savings for Kruger.

A particular biotype of cochineal, Ductylopius opuutive (Hemiptera:
Dactylopiidae). was obtuined from Australia and released in May [997 nto
Kruger, where it readily established in the vicimity of Skukuza. Large, dense




clumps of cactus were completely destroyed within 18 months, although |
cochineal populations declined dramatically during the extreme rainfall expe-
renced i 2000-2001. Cochineal populations have recovered stowly, but peri-
odic heavy ramfall and limited dispersal abilities of the msccts have slowed
progress {Foxeroft and Hoffinann 2004,

To date the conbined impact of C. cactorum and 1. opuntia has not been
ablc to prevent the spread of (3 stricta (Figure 19.7). However, the insects
i have curbed the rate of long-range dispersal and densification of O stricta
(Hoftmann ctal. 19954, 199861 Precedents elsewhere indicate that cochineal
insects effeetively destroy target weeds durg periods of below-average rain-
fall (Moran et al. 1987; Moran and Hotfmann 1987), and it is anticipated that |
the same will happen in Kruger in the next diy period. Currently D, opuntice
is heing mass reared under hotliouse couditions and released throughout O.
stricta infestabions in and around Kruger,

In general, too little effort is expended on research to evaluate the effec-
tiveness of control strategies {or alien vasive plants mud other pests. This often
results ininappropriate and incffective control methods, with an enonnous
waste of time, cffort, and resources. The developmient and implementation of
a wotkable integrated control progiam against O, stricta in Kruger have been
possible through research and management integrated in a targeted inanner.

the overall prierities, Therefore, managers must natch scales to achieve
appropriale prioritization and resource allocation.
Tmplicit in invasive species control are mitigation measures focusing on
“vectors of dispersal and, where possible, limnitation of propagule distnibution.
It has long been recugnized that rivers are the main vectors of invasion inte
Kruger {MacDonald and Gertenbach 1988; Foxcroft and Richardson 2001,
~with heavily invaded catchineuls pressurized by increasing development,
cominercial farming, and forestry. Until infestations m upper catchments
are hetter controlled, control efforts in Kmiger will, at best, remain an attempt
to maintain populations at the lowest possible levels. However, internal
_8ources are also important if long-term effective control is to be achieved.
Propagule inovement by aniinals and birds implies that before dispersal of an
exotic plant species can be successtully linuted, all flowering and fruiting
Populations must be controlied and followed up befare the next season of
setting sced, as is done i the management of Opuntia stricta (Lotter and
Hoffinann 1998; Hoffmann ct al. 1998a, 1998b).
Human-assisted invasion in Kruger is discussed by Foxeroft {20013, highlight
ing the role played by staff in introducing species into restcamps and gardens for
Omamental and other uses. In 1935 ranger Hoare objected to the planting of lam-
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bovant Delonix regia at Pretoriuskop; this 1s one of the first efforts to actively pre-
vent an intentional introduction of an alien species (Joubert 1986). MacDonald
and Gertenbach (1988} state that 13 of the 156 alien species recorded were in cul-
tivation in gardens and caaps, with 2 of those species (Lantana camara, Melia
azedarach) considered to have high impact on the Kruger system. A survey of the
Skukuza camp and staff gardens in 1999 listed approximately 240 exotic species
and culniinaled in a policy that prioritizes species for removal in a phased
approach.

Spatial Structure, L.ag Periods, and Uncertain Trajectories

[nvasive species spread depends on point of origin, transport, and ability to estab-
lish and spread into new habitats. Riparian systews are especially sensitive to mva-
sions because they combine high disturbance rates with high fertility and propag-
ule influx (Prieur-Ricliard and Lavorel 2000). The February 2000 floods altered
the structure of the Sabie and other rivers in Kruger, affecting vegetation struc-
ture and alien vegetation composition. The nitial riparian aliens were quickly

replaced by stands of annual herbaceous Ageraium conyzvides and A. haustont
anum. followed and replaced by others. In addition to rapid colonization, the



including Mimosa pigra and Chromelaena odorata. Chromolaena tormerly was
found only sporadically in small nusbers in Kruger and has now becone wide-
spread along all iuajor rivers. Interestingly, Kruger scientists had already been
warned of the threats posed by C. odorata becanse its habitat is comparable to that
of L. camara (considered the grealest threat to Kruger niparian systemns after the
1984 floods). The adaptive imanagement framework adopted 113 Kruger, and asso-
ciated TPCs, provide a structured and active approach to ensuring that such wam-
ings are taken serionsly in future and proactively addressed.

Humans have contributed to biogeographical migration of species (Hodkin-
son and Thompson 1997; Vitousck et al. 1997). Alien species began seriously
invading the lowveld only in the last 100 years, which is late compared with the
invasion of coastal arcas (Henderson and Wells 198G} and is linked to the inhos-
pitability to settlement at the time. Temporal issnes have important implications
and consequences in long-term invasive specics nnpacts and management. An
apparently benign lag phase precedes rapid dispersal and invasion (Mack 1985, sce
Box 19.1), after which invasive species rapidly occupy all available niches at the
greatest density allowed by physical and environmental constraints. This sequen-
tial trend may be broken i certain cases but is the exception rather than the rule.
Hypothetically, wlien alt available space is occupied and a dense monoenlture of
invasive specics exists, the system should be regarded as transformed (space 4, Fig-
ure 19.9a}), with little chance of reclamiing it to lormer compusition and function.
With Kruger's history of alien plant control, geographic distributions and densities
of invasive species liave becu limited, but whether this will hold in the Jong term
remains to be seen. If left unchecked, invasive species exhibit abilities to move
ecological systems from natural heterogencity 1o homogeneity over a large scale
and time frame. However, serinus alien invasives (1.e., transformers and others}
that are controlled effectively should be suppressed to maintenance levels with
tolerable impact, effectively staving within or reverting to the lag phase condition
(Figures 19.9b, 19.9¢). Species riot controlled will Inctnate as environmental con-
ditions dictate, switching betwecn scattered and locally dense infestations.

Vatiations in temporal invasion are not always fully understood, particu-
larly for seasonal species. Distinctive eveles of recurrence have long been
noted, with extensive stands in some vears followed by a complete absence in
others (e g., Abutilon angulaium, Zinnia peruviana, and Nicotiana glauca).
Are such species responding to environmental parameters that allow them to
flourish at some stages but not vthers, and, if so, how long are these cveles?
The extent of species displacement and rearrangement of floristic patterns
during invasive cyeles are unknown but wounld help management assessmeuts
maximize use of limited resonrces. The real guestion therefore is whether
fluctuating infestations of some specics such as N. glauca on sandy stretches
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FIGURE 19.9. Scenario A: Trend of plant imvasion over time and space, with Auctua-
tions between helerogeneity and homogeneity: 1, lag phase: 2, trend line (tending
toward 4); 3, invasion covers a wide area as a homogenous stand but can fluctuate
within certain parameters on a local or heterogeneity scale; 4, transformed system
with hemogeneous stand of invasive plants over a wide area, with tittle fluctiation in
homogeneity (Auctuation would have little impact because of propagule pressure and
the sced bank in the cntire area). Scenario B: Trend of plant invasions aver thme with
mechanical and chemical control options: 1, trend line heading for transformed state;
2, unplementation of mechanical or chemical control aperations; 3, trend toward
altercd state when operations stop for any reason. Scenario C: Trend of plant invasion
over time with the release of cffective biological control agents: 1, introduction of bio-
control agent; 2, establishunent of biocontrol phase; 3, rapid collapse of host plants;

%, tending to central point of fluctuations through scasonal variations of low impact
and densities of host plant. Circles represent spatial scale or extent.

of the Olifants and Letaba rivers warrant attention other than for aesthetic
reasons. The cyelic nature of these invasions and our lack of understanding
of the main drivers make effective control of these species difficult, Control
efforls may be better applied by focusing on plants established above the
annual flood line, with the rest of the infestation following cycles dictated by
environmental inthuences.

The overall conclusion 1s that disturbance (both natural and human-
induced) drives alien plant invasions in Kruger. Important for management of
this problem iy an understanding of the temporal lag periods that are both
species dependent and environmentally driven. Research and experience 1n
other regious assist management in distinguishing between the long-fuse-big-
bang species and those that are unimportant, with himited ccological impacts.

Ranking Anthropogenic Agents of Change

Influences on Kruger have been mauy and varied, and the majority of themn have
an anthropogenic origin. Teasing oul the exact influences of cach agent on land-



scape heterogencity, whether this is a direct management or an ummntentional
side effect, is difficuly, but a nonguauntitative evaluation is provided in 'lable 19.4.
Landscape-level heterogeneity has been significantly and directly affected by man-
agement policies dealing with fire management and water provision. However,
similar levels of impact have come from altered river and catchment conditions
arising outside Kruger. Medium-level impact activities include invasive alien
biota, which, although considered to have had a mild influence to date hecause
of intensive ongoing management and removal programs, has the overal! poten-
bal to cause significant changes in savanna heterogeneity, Also, many anthro-
pogenic agents of change have had cumulative and synergistic effects, interacting
with each other and with natural phenomena such as droughts and floods.

What has been learned over time is that management of this ecosystern must
go beyond the fence and incorporate new paradigms of boundary sottening
such as buffer zone comanagement (e.g., Makuleke and Mdhuli Contractuul
Parks, Marietta Buffer Zone). Nevertheless, Kruger cannot be expected to bear
the costs ot external impacts and resource use, and technigues must be devel-
oped to measure and predict levels of impacts and rates of resource flow, Quan-
titative estiinates of the cconoinic value of the conservation land-use option
must also be made and value assigned to the human benelits flowing out of
Kruger's continued existence (Chapter 23, this volume).

The Imperative of Responding to Global Environmental Change

Although not specifically discussed elsewhere in this chapter and not ranked in
"Table 19.4, Kruger recognizes the potential paramount importance of glohal
environmental change. Unprecedented changes in global climate and biogeo-
chemical cycles have resulted in collaborative 1nitiatives at both Kruger (Chap-
ter 22, this volume) and national levels. At a wider level, our participation in the
Assessmients of Tmpacts and Adaptations to Climate Change in Multiple
Regions and Sectors (AIACC) initiative will lead to improved understanding of
the impacts of climate change on the biodiversity scetor of southern Africa. The
project aims to enhance scientific and techuical capacity and provide scenario-
planning tools to project climate change vulnerabilities and test and facilitate
adaptation strategies. Linked to these are the wide-scale land use and land cover
changes and biodiversity reduction. Here Kruger is involved in initiatives aimed
at addressing desertification in South Africa and in a carbon emission offset -
hative for natural resource rehabilitation in riiral areas. Although this is a new
responsc to an objective of Kruger (see "lable 4.1, this volume), it is starting to
attract the requusite attention.



Ranking amtfiropagenic agents of change in Kruger.

AGENT OR IMPACT

MAIN EFFECTS AND QUTUOMES

NMETERDGENEITY
INCREASTD OR
DECREASET

Fire
mai |'1:lgtmcnt

Waler provision

policies

River flows and

catchment
HETIR] gcmeui

Ahien hiota

Tourism
activilies

Rigid trienntal bum policies
hetween 1957 and 1992
led to homogenization of
vegetation; shift from open
ta clased woodland in
higher-rainfall areas
theough earlier hre
siuppression; encroachment
of some species; structural
changes to mopane
regious; deeline in large
lrecs,

Resulted in changed species
composibion and structurce
in immediate area of
artiheid water and mmpacts
of elephant in particulur
on the woody vegetation:
increased patchiness at
local level but wverall
homogemzation of Kruger
systenn,

Upstream abslractions
reduce Kruger surface
water, with some perennial
rivers becoming seasomal
in some vears, atfecting
riparian vegetation and
recrulbment processes;
effccts of entrophication,
sedhmentation, and
decreasing water qualities
alfect downstream {Kouger)
biotic responses.

Has high homogenization
putential, but this has been
severely limited by cantrol
elforts, and mtestabions
have still been
pledﬁmlnﬂntlv within the
latent lag phase.

Varied effects through
associaled dustructure,
although higgest concems
are envirammental costs
not necessarily associated
with heterogeneity impacls
(through direct ard
indirect resoirce use).

Homogenization at
landscape scale

Inereased
heterogencity at
{ine scale;
hmnﬂgcnizatim! at
Kruger scile

Huommogenization

through hiodiversity

losys and skvctoral
and habitat

reduction

Increased species
diversity (although
undesitable); local
and habitat
linmogenization
(especially riparian
systems)

Some loeal
homagenization
(e.gr., wood

collection), somie

local heterogeneity

{e.g., effects of
artifictal wethinds)

REYELATIVE
MA[:\ITUDE

i[sgl mptu.ﬂh
i conjunction
with cffects of
lierbivory,
notably by
elephants

High

[Higly

Medium to date
thut very high
potential)

[.ow to medium

feontinued)



AGENWNT OR IMPACT

MAIN EFFECTS AD OQUTCOMINS

HETERQCENEITY
INCREASED OR
DECREASED

RELATIVE
MAGNITUDE

E@p ulation
management
and culling

Dhisease and
disease
management

Roads

Fencing and
boundanes

Poaching

Population
augmentation
and
reintroductions

Early humans

Synergistic eHect with fire
management; stabitized
clephant numbers had an
overall homogenization
effect at the broadest Tevel;
population reductions of
lierbivores and carnivores
had uncertain cHeets.

Natura! disease assists in
maintenance of patchiness
by its cvelic nature,
operating at focal, local, or
regional levels: alien
disease generally has
homaogenizing local effects
bk may contribule to
large-scale heterogeneity.

Fragniented Kruger into
blocks, homogenizing
within blocks becanse of
fire effects. Small and
tocalized barrier effects,
but large implications for
gravel use and effects of
TesOUICe use.

Muainly affects large
marmmal movements and
cuts off migratory routes,
resulting in unnatural
pressure on vegetahion.

Large effect at turn of
century by extirpating
dominant herbivores, but
more recenily has mose
localized cffects with
Hinited impacts on
heterogeneity.

Resulted in increased
species diversily, bat often
attemnpts were
unsuccessiul.

Heterogeneity eftects
through burning and local-
scale enhancement of
patchisiess.

Local-seale
variability
increased, larger-
scale
homegenization
through population
stabilization

Ecosystein effects
linked to other
drivers and inay
then act
synergistically in
necreasing
palchiness or
homogeniziyg at
ATious scales

Localized
homogenization,
although larger-
scale synergistic
effect with fire
Management

Homogenizing

eflects

Limited eHects

Negligible

Increased
heterogenciby

. Medium to

high (in
conjunction
with hre
policies)

AMedium to low

Medium to low

Small to
medium

Small (but
possibly
medinm
before Kruger
proclamation)

Small

Assumed to be

sl




In a recent study assessing effectiveness in protecting biodiversity, Brunner at 4]
(2001) noted that parks were generally successful at mitigating the anthropogenic
impacts of land clearing, hunting, fire, and grazing. Park effectiveness was most
strongly correlated with density of guards and inversely with fevels ol iltegal activ-
ities in parks. These tindings appear to hold for Kruger. They will also lead to
increased motivations for more held staff to patrol and combat activities such as
poaching along boundancs. However, this narrow focus may result i shor-term
protection but longer-term biodiversity loss, Far greater threats that tend to be
overlooked are already exerting their invisible forces on the ecosystern. Many of
then are linked to global change in its broadesl sense and ate changing the com-
position and functioning of ecosysterns. Of mmediate and direct consequence aje
the escalating biologica! invasions. Threats from global environmental agents of
change probably will dominate in future and attract increased attention and focus.
Human-induced changes in atmospheric depuosition, greenhouse gases, and nitro-
gen deposition must be afforded greater concern and consideration lo tacilitate a
pragmatic and adaptive approach to attaining conservation goals.

Refercnces

Anon. 1995, Afien Biota Seetion records. Scienlilic Services Department, Skukuza.
Unpublished records, South African National Parks.

Anon. 1996, Alien Biota Section records. Scientihe Services Department, Skukuza.
Unpublished records, South African National Parks.

Besthier, R, X, 1. L. Jucoby, and K. H. Rogers. 2000. A goal maintenance system for
the management of the Kruger National Park’s riverine alien vegetation: developing
ot protocol and a prototype. Water Rescarch Commission Report 813/2/00. Water
Research Coimnission, Pretoria, South Africa.

Botha, ]. 1998, Developing an understanding of problems being experienced by badi-
tHonal healers living on the western border of the Kruger National Park: founda-
tions for an integrated conservation and development programme, Development
Southermn Africa 13:621-634.

Botha, J., E. 1" F. Witkowsks, and C. M. Shackleton. 2001, An inventory of niedicinal
plauts traded on the western boundary of the Krager National Pask, South Africa.
Koedoe 14:.7 40,

Braack, L. . O. 1997 Vol. 8. Policy propasals regarding issues relating to biodiversiy
maintenance, maintenance of wilderness qualities, and provision of human benefits.
A revision of parts of the management plan for the Kruger National Park. Online:
tittp: ffwww, parks-sa.co.za. _

Braack, L. F. (., and €. Marais. 1997, Contribution towards a policy on tounsm i
the KNP. In Vol. 8. Policy proposals regarding issues relating to biodiversity mainte-
nance, maintenance of wilderness qualities, and provision of human benefits. A revt-



WWW. P lRS-5d. L. 24,

Brunner, A. G, R E. Gullison, R. E. Rice, apnd C. A B. da [onseca. 2001, Effective-
ness of parks in protecting tropical biodiversity, Science 291:125-128.

Carruthers, §. 1995, The Kruger National Park: a svcial and political history. Picter-
mantzburg, South Africa: University of Natal Press.

Codd, L. I WO 1951 Trees end shyubs of the Kruger National Purk. Botanical Survey
Memwir No. 26. Department of Agriculture. Union of South Africa.

Cronk, Q. C. B, and }. 1. Fuller. 1995, Plant invaders: the threat to natural ecosys-
tems. London: Chapmuan & Hall.

frasmus, D L KA R Maggs, H. C. Biggs, D. AL Zeller, and R_S. Bell. 1995, Con.
trol of Lantanda camadra in the Kyager Nationa Park, South Africa, and subse-
quent vegetation dynamics. In Proceedings of Brighton Crop Protection Confer-
ence, Weeds. Farnfiam: BCPC, 1:399-4(3.

Ferreira, S. [.. A, and A, C. Hamse, 1999, The sacial canying capacity of the Kruger
National Park, Sonth Africa: policy and practice. Tourism Geographies 1:325-3+42.

'Foreman, R.T. T., and L. E. Alexander. 1998, Roads and their major ecological
eftects. Annual Review of Ecological Systems 29: 207251

Foxcroft, 1.. C. 1999 Alien Biota Section records. Scientibe Services Department,
Skukuza. Unpublished records, South African National Parks,

Foxcroft, L. C. 2000, A case study of the himan dimensions in invasion and contiol
of alien plants in the personnel villages of Kruger National Park. Pages 127-134
in J. A. McNeely (ed. }, 'The great reshuffiing: human dimensions of invasive alien
species. Gland, Switzerland: LUMCN.

Foxcroll, L. C. 2001, tnvasive alten plant research programme proposal: assessing the
biology and ecology of invading alien plants for optimising control strategies in the
KNP Scientific Report 03/01. South African National Parks, Skukuza, South Africa,

Foxcroft, L. C., and ]. H. Tlofthumann. 2000, Dispersal of Dactylopius opuntiae Cock-
erell (Homoplera: Dactvlopiidae), a hiological control agent of Opuntia stricta
(Haworth) (Cactaceae) in the Kruger National Park. Koedoe $3:1-5.

Foxeroft, L. C_, and . M. Richardson. Z001. Alieir plant invasions and management
systems in the Kruger National Park, South Africa. In Proceedings of the 6th Inter-
national Conference on the Fconlogy and Management of Alien Plant invasions,
Loughborough University, England.

Freitag-Ronaldson, S., R 11 Kalwa, . C. Badenhaosst. ]. du P. Erasmus, F. |, Venter,
and F. J. Nel. In press. Wilderness, wilderniess qualily nianagement and recre-
ational opportunilics zoning within the Kmiger National Park, South Africa. A,
Watson and ] Sproul (eds. ), Science and stewardship to protect and sustain wilder-
riess values. Proceedings of the 7th World Wilderness Coungress Syniposium 2001,
Port Elizabeth, South Africa.

Gertenbach, W. P. D). 1985. Alien Plant Section records. Scientific Services Depart-
ment, Skukuza. Unpublishced records, South African National Parks.

Henderson, 1., and M. |. Wells. 1986, Alien plant invasions in the grassland and
savarma biomes. Pages 109-117 in . A W, MacDenald, F. J. Krager, and AL A,
Ferrar (eds.), The ecolngy and management of biological invasions in southern
Africa. Cape Town: Oxord University Press.

Hodkinson, D. I, and K. Thompson. 1997, Plant dispersal: the role of man. Journal
of Applied Ecology 34:1184-1496.



PRSI U T 5 33 S DAL | 9 G M4 6 4L L LA, WA L A b e ass | Al
taceae} in the Kruger National Park, South Africa. Biological Contrel 12:20 .24,

Hoftnuann, J. HL, V. C. Moran, and 1. A, Zeller. 1998b. [ ong-term population stud-
ies and the development of an infegrated management programme for conlrol of
Opuntia stricta in Kruger National Park, South Africa. Joumal of Applied Ecology
35:156-160.

IUCN (International Unio for the Conservation of Natare). 1997. Conserving vital-
ity and diversity. In C. DD A, Rubee and G. O Lee (eds.}, Proceedings of the World
Conservation Congress workshop on alien invasive species, Canadian Wildlife Ser.
vice, Otlawa, Canada.

Joubert, 5. C_J. 1986. Master plan for the management of the Kruger National Purk.
Skukiiza, South Africa: National Parks Board, Online: http:/Avww.parks-sa.co za.

Lotter, W, 1996, Strategic management plan for the control of Opuntia stricta in the
Kruger Nationaf Park, Scientific report 1746, National Parks Board, Skukuza,
South Africa.

Lotter, W. 1. 1997, Management proposals for the alien uquatic biological invasions
of the Kruger Nutional Park. Scientific Report 10/97. National Parks Board,
Skukuza, South Africa.

Lotter, W. D). and J. 1]. Hoffmann. 1998, An integrated manageinent plan for the
control of Opuntia siricta (Cactaceae) in the Kruger National Purk, South Africa,
Koedoe 41:63-68,

MaeDonald, 1. A W, and W. P. D. Gerenbuch. 1988, A list of alien plants in the
Kruger Nalional Park. Koedoe 31:137-150.

Mack, R. N. 1985, Invading planls: thetr potential contribution lo population biology,
Pages 127-142 in |. White {ed.}, Studies on plant demography: a festschrift for
John .. Harper. London: Academic Press.

Mever, A. 1986. 'n Kultuurhusioriese interpretasie van die ysterivdperk in die Nasionale
Krugerwildtuin. Unpublished Ph.D. thesis, University of Pretoria, Pretoria, South
Afnca.

Moran, V. C_. and ]. 1. Hoffrmann, 1987, The eftects of sinulated and natural rain-
fall on cochineal insects (Homoptera: Dactylopiidue): colony distribution and sur-
vival on cactus cladodes, Eeological Entomelogy 12:61-68.

Moran, V. C., J. H. Hoffunn, and N. C. 1. Basson. 1987, 'The effects of sinmlaled
rainfall on cochineal insects {Homopters: Dactvlopiidae): colony composition
and survival on cactus cladodes, Ecological Entomology 12:51-6().

Novellie, P. A, and M. Knight. 1994. Repatriation and translocation of ungulates into
South African national parks: an assessment of past attemipts. Koedoe 37:115-1 19.

Obermcijer, A. A. 1937. A prelimimary list of the plants found in the Kruger National
Park. Annals of the Transvaal Museum 17:185-227.

Pienaar, D. ]. 1994. Kruger's diversity enriched. Custos May:22-25.

Pienaar, U. de V. 1968. I'hc ecological significance of roads in a national park. Koe-
doe 11:169-174.

Fienaar, U. de V. 1970. The recolenisalion history of the square-lipped rhinoceros in
the Kruger National Pack. Koedoe 13:157-169.

Pienaar, U. de V. 1990, Neem nil die verlede. Pretoria, South Adfrica; National Parks Board.

Plug, I. 1987 Tron Age subsistence stralegies in the Kruger National Park, South
Africa. Archaeozoologia 1117125

Prieur-Richard, A. H., and S. Lavorel. 2000. lnvasions: the perspective of diverse
plant conununibies. Australian FEcolopy 25:1-7.



Alien plant imvasions. Fages 333-3/U1n K, M. Lowhing, L. ivi. IKICAATusorn, a1id
S. M. Pierce (eds.), The vegetation of southern Africa. Cambridge, UK: Cam-
bridge University Press.

Sala, O. E., S. Chapin, ]. ]. Armesto, E. Berlow, |. Bloamfield, R. Dirzo, E. Huber-
Sanwald, L. I, [Tuenneke, R, B. Jackson, A. Kinzig, R. Leemnans, D. M. Lodge,
H. A. Moouey, M. Oesterheld, N. L. Poll, M. 1. Sykes, B. [l. Walker, M. Walker,
and D. H. Wall. 2000. Global biodiversity scenarios for the year 2100, Science
287:1770-1774.

Shackleton, C. M. 2000. Comparison of plant diversity in protected and communal
fands in the Bushbucksidge lowveld savanoa, Sonth Africa. Biological Conserva-
fion 94:273-285.

Smuts, G. L. 1978, Iiterrelations between predators, prey and their environment. Bio
Science 28:316--320),

Souuts, G. L. 1982, Lion. Johannesburg: Macmilian.

Stevenson-Hamulton, |. 1937, South African Eden: from Sabi Game Reserve to Kruger
National Park. London: Cassel and Company.

Tshiguvho, 1. K. 2000. The effects of roads on invertebrate communities in the
Pafuri-Punda Maria area, Kruger National Park: ants as indicators. Unpublished
M. 5c. dissertation, University of Venda, South Africa.

Tshiguvho, I E., W, R. ]. Dean, and H. G. Robertson, 1999, Conservation value of
road verges in the serni-arid Karoo, South Africa: ants (Hymenoptera: Formicidae)
as bio-indicators, Biodiversity and Conservation 8:1683-1695.

van der Schijfl, H. P. 1957. Ekologiese studie van die flord van die Nasionale Kruger-
wildtuin, [3.Sc. thesis, Potchefstroom University for Chiristian Higher Education,
Potchefstroom.

van der Schijtt, H. P. 1969, A check list of plants of the Kruger National Park. Pub-
likasies van die Universitiet van Pretoria, Nuwe reeks 53:1-100,

van Rooyen, C., and P. Grantham. 1998. An assessment of the risk that powerlines
pose for wildlife in the Kruger National Park with specific emphasis on bird morali-
ties. Project Report. Endangered Wildlife Trust/Eskom, Johanneshburg, South
Africa.

van Wilgen, B. W., and E. van Wyk. 1999, Invading alien plants in South Africa:
Impacts and Solutions. In: People and Rangelands: Building the Future. Procecd-
mgs of the Hth International Rangeland Cougress, Townsville, Australia {edited by
David Eldridge and David Freudenberger), Vol. 2, pages 566-571,

Venter, F, L. Braack, F. Nel, W. Jordaan, F. Gerber, and H. Biggs. 1997. Recreational
opportunity zoning within the Kruger National Patk. Pages 184-198 in Vol. 8, Pol-
icy propusals regarding issues relating fo biodiversity maintenance, maintenance of
wilderness qualities, and provision of fuman benefits, A revision of parts of the man-
agement plan for the Kruger National Park. Online: http:/fwww. parks-sa.co.za.

Vitousek, P. M., H. A, Mooney, |. Lubchenco, and ). Mellilo, 1997, Human domina-
tion of earth's ecosystems. Seience 277:494-499.

Whyte, 1. ]. 1945, The present ecological status of the blue wildebeest (Connochaetes
taurinus taurinus, Burchell, 1923) in the central district of the Kruger Nutional Park.
Unpublished M.Sc. thesis, University of Natal, Pietermaritzburg, South Africa,

Whyte, 1. |, and 8. €. ]. joubert. 1988, Blue wildebeest population trends in the
Kruger Naticnal Park and the cffects of fencing. South African [oumal of Wildlife
Research 18:78-87.



APPENDICES
Part 1- Management implications.
L.4: Foxeroft L.C. 2004, An Adaptive Managenment Framework for Binkimg Scicnee and

Managcment of Invasive Alien Mants. Heed Techrofowme 18: 1275 1277,



APPENDICES
Part 1- Management impdications.
L5 Foxeroft L.C, 2005, Alicn Impact Objectives. In: A [ierarchy of Objectives for the
Krager Nationad Park- Kruger Nagional Pavk Management Plom {ed. 5. Freitag-
Ronaldson}, South Alvican Mavional Parks, Skukwes South Alrica. South Alrican

HNational Parks, Skukuza, South Atrica.



Weed Technology, 2004, Valowe 16:9375 1277

Symposiuni =

An Adaptive Management Framework for Linking Science and Management of

Invasive Alien Plants!
LLEWELLYN C. FOXCROFI=

Abstract: The development of effective linkages between scicace and mianasement centers on the
smooth integration of three piflars serving common objectives. Scicnoe, monitorng. and management
all play a /ole in the overall success of manasging nawrai areas. Conwol 0f invasive alien species
(IAS) has geperaily followed tigid principles, hutlt ou a foundation of developing mechanisms for
re-acnve, physical conunl techmiques. As the pumbers of IAS conttnue to grow. prediclions we
needed to manage the most senous species only, This approach reguircs a management (ramework
that allows ccosystem 1ux and thus acceptance of mvasive specics as part of ceosystem dynamics,
The management system must allow change wihin an envelope of prodefined hmits of acceptuble
change but muost effectively highlight points exceeding these limits, A smtable framework needs
Hlexibility to incorporate new research and thinking in a manmer thal is fundamentally proactive in
approach, This anicle elucidates the development of the Kruger National Park strategic adaptive
manageiment system, allowing for the development of a conceptual framework for exploring science
and management links fur invasive specics management.

Additional indes wordy; Sirmegie adaptive isnagement, thresholds of potential concer.
Ahbreviations: KNP, Kruger Notonal Puark, SAM. swatepie adaptive mapagement, TPC, threshald

of putential coneceen,

INTRODUCTION

A Complex System View. New paradiznns i ccology
crnphastze complex adaprive systems and hoterngeneily
at muitiple temporal and spatial scales (Lewvin 1999;
Pickert et al. [997). Within large conservation areas,
mind-set changes are required to reflect new thinking
and wranslate them into management acions. In dynamic
ecosysicms where fluxes are inevitable, munagers must
mstitutivnalize new paradigms. reinventing themsclves
through purposeful knowledge diffusion, it control pro-
srams are to be efficient wn the long rerm (Biggs and
Rogers 2003). Where previously the “balance of na-
e, was Lhe focus. without explicil refercnce to scale,
acceptance of the “Aux of aawee' pankhigin, over mul-
tiple spanotemporal hierarchies is now required (Best-
bier et al. 2000). Management previously strived 1o
“mantamn balance” through o “commaml and control™
approach. where adaptive management o “learn by do-
mg" 15 now considered as o proacuve, torward-thinking

'Receivad for prablleation Jimeary 10 MREL ool e sevised Toon RMay 6,
20K,

* Poooramme Managen Iavasive Spenbos Beseny'h Svaona Beological e
search Lonity Skoknzn, Kegier Matsaal 1506, Souile Aftwwn Mationpl Parks,
P33, Samh Alres Concespomlig antbin W Es penk; Hoseliyn Fi@aagacks o

approach (Besthier e al. 2000; Ropers 2(H13). However,
learning by doing certainly does not simply imply nal
and error mapagement (Waliers and Green 1997). Ar-
guments demanding more dat before decisions can be
made are ofien unrealistic, the alternative being to place
emphasts on what Is already known, thereby providing
i basis for starling.

Contrary to this, invasive species managemen! has re-
muined m a parvadigm of command and comtrol. a8 a
result of a legacy of eradication programs. Managers do
not consider invasive species as a part uf the system and
therefore are governed only by mles of control actions.
However, cvidence of the failure of conirol programs
because of various reasons, as well as the mcreasing
pressure from row invasions, forces management to con-
sider the most deleterious spocies only and focus there-
on. This approach imphes that mviisive specics will need
to be accepted as part of the systemn, maintained, how-
ever throuzh control programs of mimimal levels, where
their minimized ctfects will form part of the system
fimetion.

Tronsluting Scientilic Understanding into Manape-
ment Practiee. Clogizanee cerainly needs o be made

5
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of the fact that many mstilutional designs are not devel-
oped o promote an adaptive managenoin culioee and
ethic (Rogers 2t al. 200(h, Instatutional design and the
hehavior of individvals tend o retard the process of
adaplive managament, prefemring to relv on “wried and
trusted” mwihads of problem solving (Rogers 2003).
Ecologists Treguently have a vastly better thearetical un-
derstanding of ecosvsicans imwl 1his 15 contrasted with the
availability of managers’ tools and sesonrees (Rugers
2003). This aspedt is clearly evidenced by the retatvely
well-<developed andesstandimg of veotors of invisions ay
well as effeces thereof, however, myvasions aie escalating
and management progtions are not capuble of cnnailing
or suceessiully managing the problems,

MSCUSEION

Linking Stience and Management through Strategic
Adaptive Management, Adsplive manageigent iy i pro-
cess of managed learming which steers simateme aotion
to achieve desived endpeings i a compley écosystem
(Bieas and Rogers 20033 Although there aze many va-
retics of adaptive management. the version used in the
Kruger Matlonul Dark (KNE) is rélered v a5 strategie
adaptive pranagement (SAML Biggs and Rogers (2003)
provide a demailed description of the dey elepuient of the
SAM system in the KNP whereas Foxerolt and Rich-
ardson (2003) and Freoan -Honaldson and Foxerolt
(2003) detail the development of the invasive specics
aspects. Consistent throughout these framewoks are
feedback lovps. which provide oppurimity for comtinu-
ous scli-assessment and revision, Developing an objec-
tives hierarchy =215 an achicvable sef of guuls foe a fuinre
desirsd statz. The development of objectives begins with
the seuting of a mission sratesment. The highaest-level ob-
jective, the mission, 15 a statement of strutegic inteut amd
rurdes the develapment of the detailed objectives, The
higher-level objectives also reflect societal valoves,
whereas the lower levels repievent seientific eadpoints
compatible with the valves of the higher-level i
ments, which translate into ground-level conservation
coals. The objectives are umanged in an inverted e,
decompusing to finer olyjectives at the lower levelz (Da
Toit et al. 2003).

Thresholds of Patential Convern. A kev compunent i
the functuoming of SAM ig the threshold of potential con-
cern (TPC) TPCs are thiose “upper sl lower Jeyels
along a contininy of chinpe in selected enviroamient.l
indicators™ (Bipgs and Rogers 2003), They therefon
provide a set ol opeeational goals that define varighrdiy
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of hetetoreneity ul e KNP ecosystem, over multiple
spatiotemposal svabes (Bives and Rogers 2003). TPCs
foam the basie of an meduetive approach o SAM bhecause
ihey are mviiably hyvpolhesis of himits of accepiable
changze 0 ecomyslem sisuciure, lunction. and composi-
tiom {Roses 2K, They are theretore o compatible and
will-priculated <ot o stdaplive management goals anid
erdpoinls tBiges aml Bogers 2003) As socli, their va
lidity and appropriatcocss ate always open to challenge,
and they wust be adaptively meschilied as imderstioding:
and expenence of the systen being managed increases
(Higes and Ropess 200300 An important aspect of the
TP is thay they wre preagrecd goals, and thus, consensus
bias alrendy boen reached on possible sets of future ac-
tions, once the TPC 15 rouched. This therefore unpiies
that manapement is pravented from stalling or procras-
tinating at such peint. When a TPC s reached vy pref-
erably when modeling predicts that it will be reached, it
promipts an assessment of the canses of the estent of
chanee (Biges and Rogess 2003%, Ti this manner, 1he
exceedud TPC represents one dimension of the compus-
e desirad envelupe reprosemed by all the objectives 1o-
gelliern

Fomerall and Bichondsom (20037 documented the use
of TPCs lep invasive alien specicy in the KNP, However,
since the publication of the early TPCs, {urthar 1earning
ond refinement has waken place. The previous TPCs
Taled wo dea! sensibly with repeat invasion events, which
were ulten no longer cause fur concern (Biges and Rog-
ers 2003; Fretlsg-Ronaldson and Foxcrobt 2003). The de-
velupmenl of a mulitersd laver of TPCs, closely fal-
lowing the invasion process provades for a more func-
tional listing of TPCs. [.evel | TPCs deal with new in-
vasions in the KNP or those species Jikely 1o invade in
the near fmure. However, becanse it 18 very unlikely thar
a species, which may have a high prapagule source cluse
o the RNE, will be eradicated, it 1s countemproductive o
hst 'FPCs on o continual basis. Rather, o second and ul-
temately o vhird level of TPC are evoked, dezling with
wterense in distribotion and then density.

he comenl hd of PRCs 15 as follows: (1) TPC Jevel
I —T1Cs thizd denl with new fuvasions of a species in
e I 20 Bamient exivmit threat (a species on the
et by 4~ Irhely W invade within 12 mo) and (B) a
sprevies betg reportod s having invaded the KNP for
e fesg Jine (21 TPC Tevel 2—TPCs thae deal with on
incrense e cdistriadion of g species. (a) Any new goid
vell tol confiinous with the previous distibution, (b)
e ol s omngeuons aeid cells fhit represent more
His g0 % merense over the gwinber of grd cells re-
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cewded as insaded the previoos calendse vean anl (o)
ttal number of grid cells cleared va total number of
new grid cells invaded; (33 TPO level 3—TPOS that deal
with an tperease in density of a species. () Any incrcase
by twa density classes upward 1o any grid cell and i)
any increase of one density class upward of medivm in
any grd cotl.

The use of TPCs in general bas facilited g migraion
i focas ol trmlitienal waldbife manasensent =sues be-
cause TPCs have been raised, which hightizht cument
biodiversity conceris (Biges and Rogers 20008, The ma-
Jority of these TPC listings have concerncd the invasion
of alien oreanisms, bringing abont a change e the ae-
mude and approsch 10 invasive spocies. vasive organ-
ismng are now reraded as one of the greatest threats 1o
the intesrity of KNE biodiversity and as a major deiver
of change. Forthermore, the KINE iz approaching msn-
dgement of invasive orramsms ty 3 more sustanable
manner, with stroager [inks to mal poins of coneern,
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Alien Impact Objective

To anticipate, prevent entry and where feasible and/or necessary control invasive alien species in
an effort to minimize the impact on, and maintain the integrity of indigenous” biodiversity

‘mdigenous aotion or understanding of indigenous te ce developed 10 the regional KNP context

Mote Alien Impact oojectives include all alien crganizms and dissases (plants, diseases, fish, birds, insects et}

Preamble
The incorporafion of the “Alien impact Objectives” into the 1997 obyeclives was the first high level recognition of the
Seriousness invasive aften species m the KNF. This was a mifestone in the KNF management’s history and a critical step
to ensuning future developments on the invasive alien species front. It has also been stated that ane of the main reasons
that the issues of invasive specias have been embracad by management is due to the fact that invasive spacies were
streamiimed info overall KNP managemerit, i such & manner so 85 to demand atlention from KNF managers, and not be
considered as a sidefine 1ssue.

Although stafed as “alien biota" objectives, they were largely interpreted as being alien plant orntentated. The
current obyectives have mcorparated alf forms of biclagical invasions.
fhe 1997 objectives were also quite far thinking in thaf they embodied, before widely discussed and appreciated, the wide
range of issties necessary In a comprehensive invasive species plan (such as found in the Globaf Invasive Species
Frogramime book: A toolkit of best prevention ad management praciices). The current ofjectives have stnved lo evaluate
the 1997 objectives and couple those with the emerging strategies. fo provide for a more hofistic and complete approach
fo invasive species management.

The emergence of the basic phifosophy that invasive species are undesirable in a national park as fiftered
through most of the KNP, even to non-conservaiion onentated persons. This has assisted management in control in a
riumber of develop areas (notably residences such as Skuwuza). Acknowledgement of the fact that invasive species are &
part of the system and wilf remain so has also been accepted and allowed, in certamn areas, efforts to concentrate on the
most damaging species only. not taking a broad and costly approach to attempting to controf everytfung. This 1s embodied
i the changing of one of the higher level objectives from "eradication” to "control”. and acknowfedyes both fong-term
maintenance and rapid response contral,

in the 1997 objectives, the “eradication”. "Protibit/tiscowrage” and "awareness” objectives werg reasonably
well engaged, with the "strategic” perhaps a bit fess and the “research” somewhat less (unid recently however, where

much energy has been placed on this). and fittle done on the “prevention” objective.



Alien Impact Objective

‘Indigenous: noficr or understanding of ind'genous to ke davelopad in the regiornal KNP contaxt

To anticipate, prevent entry and where feasible and/or necessary controf invasive alien species in an effort to
minimize the impact on, and maintain the integrity of indigencus™ biodiversity

More: Alen Impact obecoves irclude all alien crgarmzms and diseasas (plarts, diseaszes, fish, birds, irsects atc)

Strategy and Support
Objective

To develop a long-term
strateqy for the
management of IAS by
evaluating the current and
projected future overall
scale of threat, addressing
arganisational and
infrastructural capacity,
developing policy and
building suppart for
continued high level
commitment

Prevention Objective

To anticipate and evaluats
imminent or potential risks
to the KNP, as well as
pathways of invasion and
develop effective
mechanisms to monitor,
manage ar mitigate these

identify Pathways

Control Objective

To ensure the effective
and timely
development and
implementation of
integrated control
strategies, in such a
manner that both rapid
response and long-
term maintenance
goals are met

|| Exclude, prohibit,
discourage

Long-term strategy

Caontingency planning

|| Assessment and
priority setting

~l Building support

~ Policy development

Early detection

Risk assessment

Research
Ohjective

To promote gnd
develop a
coordinated
research
pragramme in order
to develop a clearer
understanding of the
dynamics and
impacts of alien
Species invasions

Implementation

Best management
practices

Impacts

|| Efficacy of
control

i Ecology

Awareness
Objective

Tao develop an
awarsness _
programme ta
infarm and
sducate on
especially the
dangers and
consequences
of invasive
alien species,
in order to
facilitate globat
invasive alien
species
iniatives

Activities |

|| Training

Funding




Alien Impact Objective N‘

Strategy and Suppeort Objective

To develop a long-term strategy for the management of 1AS, by evaluating the current and future overall scale of threat,
addressing organisational and infrastructural capacity, developing policy, building sepport for continued high level commitment
and by baing informed by advances in invasion ecalogy

Iz
s
| Long-term strategqy

. Todevelep, 1n
consolation with other
regicnal initiatives, a
comprehensive long-
termm strategy to girect
future wicrk and funding

reguirements,

To develop, based
on the over all
lzng-term strategy,
sher- and medium-
term strategies and
annual plans of
operaticn

1

Contingency planning

To develop
contingency plans in
order 1o address

. probiems in the short-

term and aliow for
maximizing long-term

| management

responses and
rescLIr;es,

Azsaszment and
pricrity setting

To assess and rank
the rsx prosatilities
of alien species

i nutside the KN

imvaging.

Ruilding support

T develop a support network at naticnal and lacal
scales, including, governmental, private instituticns, so
as to further awareness of the preblems associated
with invasive species and the aims of management in
the KNP and surrcunding areas

T develop long-
term strateqies,
awarensss and

L communicatsn
praogrammes for
oiseases. especally
those with no
attenticn to date

To agquire
funding te support
implementaticn of
contingency plans
at short notice

Todevelop a
risk assessment
pratoce and
|mplermnent
screening of
species risk
profiles. In terms
of dieses liaise
with the state vet
SEMVICES

XRef glzhal climale change

xRef. l=gal and siatulory

[astitutions

To devaicp and mamtan a network of speaialistg
researchers from & range of institutions to
provide agvice and input into research ang
managermant issues

Maticnal and provingial govenment

Te develop ties with government to support A3
EEues inside and outside the KNP

Awarensss committess

To dewveisp appropriate awarenass at all levels
including scientfic and general putlic levels

Spivniific Adwsory roups

M Todewelns, where necessary, groups of
spacialists o provide advice and suppon far KNE
niliatives a.g. BTS,; 1AFs

CiEneral swarences comnitees

Ta ensure betier co ordinaion of existing
fragmenied groups and vanous disciplines
relating o invasive species. and idenlify and
appropriately adaress specific langetl grougs

Falicy

development

To develop a

policy
framewsrk to

| guige

management
of invasive
species and
disegses




Alien Impact Objective

Prevention Objective

mechanisms to moniter, manage or mitigate these

To anticipate and avaluate imminent or potential risks to the KNP, as well as pathways of invasion and develop effective

[ %

|[dentify pathways Exclude, prohikit, discourage

T, wheare possikle and/or feasible, prevent the
antry of new potential alien invasive spacies into
the KNP

To identify those
pathways that may lead
to harmfui invasions of

animals, plants or their
pathogens, and sat up
effactive measures {o
manage the rish
aseociated with thase

To. utilize existing [State veterinary sarvices) or
develop effective entryfexit permit systams

= | T wherever possibre, prevent the entry (and
exitl of new alien species into the KNP and
manage these appropriately

~ To prohibit the use of alien species and

| discourage the use of other spacies in adjacent
larnd Lzes of in the KNS in favor of mora local

species

" To influsncs nationa legslat.on and polizy in the

developmeant of preventstive measures

Early detection

- To detect through

reqular surveillance,
meonitoring and
other means. non-
indigencus species,
to assess their risk
and re-act
appropriately

Risk assessment

To assess and rank
the risks of inyvasiva
species already
prasent in the KNP,
ar ligise with other
institutions in order
ta prioritise tham for
managerment,
whera this is
possible

Eral Leqe S statubory

Xrab repi mEpaage 30d Lo rgenicy plhivinic s

Keal epooallzees og omlaic Taen spEens

Al wzin use i KHP soed be ©onaee rack s rdizencus neaa gmaans ie
‘ CAIr e b asien ienanios s 57 flowar bade




Alien Impact Objective

Control Ghjective

Te ensure the effective and timely development and implementation of integrated control strategies, in such a manner that
both rapid response and leng-term maintenance goals are met

[ Implemeantation

To pian and implement appropriate control measures, in order to mirimise the impact, distribution and density

of invasive alien species

I i

To develop
eradicaticn
siralagies.
witere feasibie
and for gpecific
cases,
prevent long-
term futlne
impacts and
CONZEQUENCES

| options through cost-

To determing the
mast efficient
containment. contral
or aradication

benefit analysis of
controi vs, impacts
on bicdiversity

To evaluate
the invasion
progress or
spraad of
LR L RO =
alien species
in and
arcund the
KNP

To develop ecoromic
ncentives and
benefits to preventing

H avasions and for

control programmes
a3 WY or
compensation for
contcled disaases

T deveiop and foster
partnerships between
socio-political needs
and benefits, with the
control of invasiva
2.lar Epecas

Toansura To davalop
conlinuous rapid
ciearing ¢ contral rezponse
ower a long-term Programmes
pericd, with the and provide
aim of maintainirg Lhe

the digtribition necessary
and density cf resoLUces o
inyazive alen sUppot
pant at minimum such

levels initiazives

E

To facilizate and enatila
YWREWY and State veterinary
sarvices 0 partnership with
SANFParks o implement
ongeing clearing,
survellance, detection and
contral in the KNP,

To actively scuce additona!
L funding @ futher the 1AS
contro. programe

To
rehabiiitala
wihara
necessany
and feasible,
sites afer
clearing or
popuiaticn
control to
facilitate
colomzat.an,
re-ntreduction
ard
EUCEESSI0nN

” |
Best managenant practices
To chserve. develop and

ensure Uze of the best
ary ronmental management

" practices in alien control

Fo enzure the
integration of:

=Bincontrol

=faccination

vChemical control
-Mechanical control

FPopulation
manipulaiion

*Scund ecoiogical
principles




Alien Impact Objective

Research Ohjective

dynamics and impacts of alien species invasions

To promote and develop a coordinated research programme in order to develop a clearer understanding of the

[ _ I

Impacts Ecology
To determine the impact of ail invasive To promate an andarstand ng and pred ctive capacity of the
alien species in the KNP in terms of dynamics of invasive alien spacies and integrate shari-tarm
hiodiversity structure, camposition and practical and strategic long-term research

function : = 2o, s iy :

ik : i Invagion dynamics | Autecology and disease epidemiology
. To evaluats (he long-sar mipacts of invasive To develop an understanding of To develop knowledge on specific

| @len species —‘ the dynamics of glicn Invasions spEcies, invasion capabilities, and

1

Efficacy of contral

To enhance the long-term
implemeantation of contral
programmes througn developing an
undarstanding of the associated
negative impacts of control and
futther developing techniques for
improved control and rehatilitation

= e — ullimately how 10 belter manage lhem
L To evaluaic the impact of knock-on effects of /,7\ Ve
. undesiable mpacts of Inasive speces - ; %

To detarmmar e tha efact of changng

Specics comaosition on higher mophic
‘tvels dinclvdng these speoes not i
dectly Enkad to the alien ogan s} i

L Te avaluate the impacts of iTvasive zhen
SEECIEY ON OEGSYEIET SOrices

Tonsestgale compatition (and alclopalyy in L case of plants) a4 the

imteraclions gstwean invazive and indigerous speass

Ta determire tha impacts of iqvasive ahan
M species oa specfic threatense or vaicable
AREGIng ard quan iy the cxtanl whene
rec L fan

Ta defarmuone the impacts of Invasve species
M 09 biodiversty structute func: on and
compostiod a g fish zacts turds mammals

To pregict | k2 y ivcreasas of invas vo spocies
idensdy and tish bul' o | and sheir impacts
yough pedctive modelng usder varyirg
scananos such a3 clobal cEmate change,
rutrant avdlabilices etc

ryvasive alian species dynamics

valop an undeistanczing of large infreguent distubances (¢.g. flosxds,
To sevelop an undarsiaroirg of reproduct on, hansmigsan ard sEpsrasl

o undersiand giseasa cpdeminlogy af bigh prnonty seotic disanscs

To investigate crangas in fosd wob dynamcs and the potemiial
Ta investigata and quaniity alicn pant seed banks and 2eod dommarey

To devalop ar inda'standing of dispsrsal ard transmizson
consequences Marco’ for ssosystem tunchening

To swaluate mod auantfy age /timae to soad praduclion

To davelop and cary aul sk ahalysis

facnvary

Ter davalop an nndarstanding of modfizd d sturbance reqimes, ard the

impacts tharsat an

Toinvesigale patlerns, procestes and rates of invasior in the KNP

| To evaluale and quantify alien plant grewdh rates

" draughls ele) on ang their srpacts an itvasive alien 2pccies ard acosysteam

,f To de

To evaluate and quantify the aotensial
| @pacts of omrol 01 nan-amge
lindigetnus) Speiey

| To evoluate and Juacttify the efficacy of
cantml measUnoy

To cacry out costbercfic analysis of
contral options

To mvawate and quantify e impacs |
= effcets af contia on specific arsas
under castral and afer contrzl

To dave ap ‘ehabilicanor siralegies and
M monito- these 12 deteming tho ohg-
] sim effitacy thateof

Ta svaluate {he establshmert ans
M suvccess of new b slog cal conbrol
agerts fol'owing the relzuse

To deternine the Ieng-Icim mpachs of
- Elolagicsl condol a9d quantify i
contribution te intcgrale: manzoement

To dovelop dotec! o diacrostic an
= wazcitation sl atedies that are s5% and
affartive




Alien Impact Cbjective

Awareness Objective

To develop an awarenass programme to inform and educate on espeacially the dangers and conseguences of invasive alien
species, in arder to facilitate glakal invasive alien species initiatives

Activities

To develop and offer a range of information
dissemination activities, that will provide an
interesting and meaningful marner of providing
relevant information

Training

Ta develop fraining oppartunities to provide
relevant persons the necessary knowledge to
affectively communicate the threats and
prablems posed by invasive alien specias

Funding

To acquire funding ta
facilitate and maintain
the various awarensss
initiatives

Disolays

«Bioconirol center
Mursery

=it door classroom

rLetaba, Berg-en-Cal, aetc

Video & talks

«\farious talks and videos at rest camps

Famphlets

DistribUte to camps. gates, siaff ete

Aller plant cusn camp ! walks

slnvited bush camas for target groups -
lirk 1o acouinng fundirg

‘Nommal activites - increase alen
awarenass amongst KNP gurles

Educatior. & understarding

=Slaff crientation and schoals

Irternet and intranst

! Managassdimplementation facililators

Rangers - saction. field and genaral
Walkes

| gudes

L Key gersons

L | Honorary rangers

L Appcinted awareness persan




Alien Impact Objective

Postview

Although perhaps presented as a wide ranging list of objectives, resembling “remote aspirations’, if an overall invasive
species plan is lo be successful. the objectives will have to be engaged on all levels, incorporating all objectives. The
“control” objectives are relatively well developed for invasive plant species and should not require as much energy to
develop further. However, much needs to be done here on other invasive species. “Strategy and Support” is at varying
levels of development and needs to be unified in its approach and across the various problems (e g invasive plants and
diseases) Much energy is being placed on research across all fronts, although charismatic and animal related research
are frequently disproportionately resourced. Much energy needs to be placed on developing the “prevention” objectives as
this has been neglected almost completely to date (parhaps due to the complexity of the issue). There is also perhaps
much disparity in this issue across fields (e.g. disease —state veterinary depariments and red line corridors- compared to
plants. were not much has been done).

Much energy will however have to be placed on the KNP in the regional cantext, as an “island” approach will
not achieve much success. The objectives will only be achieved if there is commitment and support from all involved in
the KNP. Further, invasive species management will need to be strongly embodied within the adaptive management
framework of the KNP, if future learning and development is to take place.

Invasive species management in the KNP is widely recognised and efforts should be made to maintain and

improve that status, due to the important position of the KNP as a public icon and role model.
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Abstract

The Kruger National Park has developed and refined a system of
management called Strategic Adaptive Management. This is built on the
construct of the Threshold of Potential Concern (TPC). This paper describes
the TPCs developed for monitoring invasive alien species. More importantly
though, it describes the conceptual understanding, principles and hypotheses
adopted as the foundations for setting these TPCs. Inaccordance with
adaptive management practices, as the conceptual understanding of invasions
grows and infermation is gained through research in the KNP and elsewhere,

the TPCs will be revised.



Introduction

Thresholds of potential concern (TPCs} are simifar to The term Limits of
acceptable change’ (Stankey et al. 1985). However, the TPC, as embraced
and developed by the Kruger National Park (KNP) provides a closer fit to the
management paradigm in use in the KNP, namely 'Strategic adapfive
management’ {SAM). Strategic adaptive management is simply a variation on
the widely used concept of adaptive management {Biggs and Rogers 2003).
However, an important philosophical depariure of SAM from standard
adaptive management is the focus on forward' or strategic thinking and
assessment, Thresholds of potential concern thus form an important
compenent of SAM, representing goals against which success of ecosystem
management can be measured. Biggs and Rogers {2003) provide a succinct
definition of TPCs: "those upper and lower levels, along a continuum of
change n selected environmental indicators that provide the basis for
decisions on the acceptability of that change”. The TPC approach allows far
fluctuations in the ecosystem, but highlights exceedences in ecosystem
change over defined space and time scales: thereby defining the desired
state of the system being managed, Thus, TPCs in effect provide an
indication of whether management actions are currently, or preferably, will

in future have an unacceptable biodiversity impact,

TPCs form the basis of an inductive approach to SAM, as they are invariably
hypothesis of limits of acceptable change in ecosystem sfructure, function
and composition (Rogers 2003). They are therefore a compatible and well

articulated set of adaptive management goals and endpoints (Biggs and



Rogars 2003). As such their validity and appropriateness are always open to
challenge, and they must be adaptively modified as understanding and
experience of the system being managed increases {Biggs and Rogers 2003).
An important aspect of the TPC is that they are pre-agreed goals and thus
consensus as already been reached on pessible sets of future actions, once
the TPC is reached. This therefore implies that management is prevented
from stalling or procrastinating at such point. When a TPC is reached or
preferably when modelling predicts that it will be reached, it prompts an
assessment of the couses of the extent of change (Biggs and Rogers 2003).
In this manner, the exceeded TPC represents one dimension of the

composite desired envelope represented by all the objectives together.

The invasive species TPCs, while already having undergone revision (see Biggs
and Rogers 2003, Foxcroft and Richardson 2003, Freitag-Ronaldson &
Foxcraft 2003, Foxcreft 2004, Foxeroft and Downey in prep,) do not yet
fully incorporate biodiversity impacts. Rather, the current TPCs represent
management or operational TPCs, which have loosely been termed "tracking”
TPCs. These TPCs follow a conceptual understanding of the process of
invasions (Richardson et al 2000) and highlight changes in distribution within
and on the KNP boundary (Fig. 1). The invasion of an alien species inte an
area follows a general pattern, evercoming a series of barriers which impede
the invasion of some species and result in a smaller subset becoming
transformer wéads_ Cach stage in the process presents the KNP with a
particular threat and suggests appropriate management actions, Therefore,
this means that the TPCs are focussed on the alien species rather than on

their biodiversity effects. This therefore means that the negative



biodiversity impacts are implied and the presence of alien species

unacceptable to the biadiversity conservation values of the organisation,

Management by obectives
The KNP management plan is arranged in a series of objectives, cascading
down from the higher, coarser level objectives to the lower, on-ground level
goals {Du Toit, Regers and Biggs 2003, Foxcroft 2004a). The revised
objectives provide for a holistic approach to invasive species management
(KNP 2005) and include all alien species. We deliberately use the term
"alien” as appoesed to various synonyms such as "exotic”, due fo the potential
canfusion it creates. Alien species that actively invade are termed "invasive”
and the most serious invasive species that change the character or function
of the system are termed "transformers® (Richardsen et at, 2000), Falling
under the ‘ecosystem objective’, the main aim of the 'alien impact objective’
is "To anticipate, prevent entry and where feasible and/or necessary control
invasive alien spacies in an effort o minimize the impact an, and maintain
the integrity of indigenous biodiversity”. For the purposes of the KNP, alien
species are defined as "Any species or orgamsms which have been intreduced
into, or entered the park on its own accord, from outside its borders”, The
implication of this would therefare be that:
1) any species from cutside the boundaries of South Africa would be
considered alien (except in the case of the Mozambique and Zimbabwe
sections of the Trans Frontier Conservation Area (TFCA)- which is a

natural extension of the KNP ecosystem),



2) any species that may be indigenous to South Africa, but net oceur
within the KNP ecosystem, would be considered alien to the KNP
ecosystem,

3) any species within the KNP, but moved frem within one particular
landscape to anether where it does not naturally occur, would be

considered alien in that landscape.

Although the list of objectives is fully described in KNP {2005), the five
main alien impact ab jectives are summarised here. These objectives closely

follow the principles advocated by international best management practice

standards (see Wittenberg and Cock 2001, 2005),

1. Strategy and support: Te develeop a long-term strategy feor the
management of TAS, by evaluating the current and projected future
overall scale of threat, addressing organisational and infrastructural
capacity, developing policy and buitding suppert for continued high
level commitment,

¢. Frevention To anticipate and evaluate imminent or potential risks to
the KNP, as well as pathways of invasion and develop effective
mechanisms fo monitor, manage or mitigate these.

3. Contfrof To ensure the effective and timely development and
implementation of intfegrated control strategies, in such a manner that
both rapid response and lang-term maintenance goals are met.

4, Research. To promote and develop a coordinated research programme
in order to develop a clearer understanding of the dynamics and

impacts of alien species invasions



5. Awarencss. To develop an awareness programme to inform and
educate on especially The dangers and consequences of invasive alien

species, in order to facilitate global invasive alien species initiatives,

The current TPCs link directly to prevention and control, in that acceptable
limits of spread are set. The research abjectives cover the development of

pragrammes To evaluate the impacts of invasions at various scales and levels,

Scientific principles for the basis of TPCs

The principle that the KNP is not an island and is substantially impacted upon
by actions beyond its borders is a central tenet of understanding and
managing alien species invasions {as is river management). Working in
concert with this is the acceptance of the paradigm of spatial and temporal
flux within the ecosystem (Pickett, Cadenasso and Benning 2003, Rogers
2003). This needs to be embraced in the context of invasions as well
(Foxcroft 2004a), Although desirable, the eradicatian or control of all alien
species is neither feasible nor practical. Thus fluxes in invasions and alien
species populations must be accepted as well, although this is contrary to
most alien species ideals. This means that most managers concerned with
alien species would strive To eradicate or manage all alien species and
suppress the populations to as close ta zero as possible. We contend that
this approach is not possible in the KNP, due mainly to the sizz of the KNP,
and the number of species present. We suggest that management will be
more effective by placing its resources on the most problematic species only
and in the areas where they are becoming problematic. As long the species

Is present at below acceptable thresholds, for a determined period of time,



the species should net be a management priority. Thus, the TPC system
allows for the system to fluctuate, including alien species, but highlights
critical 'turning peints’ of concern in biodiversity ef fects of aliens (Foxeroft

2004a).

The first invasive species TPCs (Foxcroft & Richardson 2003) provided a list
of various criteria for evaluation. Experience however highlighted the need
to adapt the system due to repeat exceedences of the same TPCs. In other
words, the TPC system was not able to sensibly deal with repeat invasions,
which were no longer cause for the same level of concern. This led to the

development of multiple-level TPCs to avoid raising false alarms’ (Foxcroft

2004a}.

The basis of the principles adopted for the development of these TPCs 15
captured in the 'barriers’ model of Richardson et al. (2000). Using this
approach, the 'points of concern' are reflected as the barriers or filters to
invasion, and overcoming the barrier invokes the next level TPC (Fig. 1). Asa
species approaches the KNP, the management response will be to prevent
the intreduction (point a in Fig. 1). This will entail, where possible, the KNP
controlling the population itself, or partnering with institutions such as
provincial alien clearing project {for example Working for Water} or by co-
operative agreements with landowners. Once the species has invaded the
KNP, the next level of TPC monitors the spread of the species, where
eradication (if possible} or containment strategies are called into force
(point b}, There may however be examples where the tabling of a TPC would

lead to a well considered "do nothing” option. Theoretically at least, the



next level will be once dall available habitat has been invaded. At this point
the main cencern will be the abundance of the species (point €). However,
although a species may not have expanded its range to include the entire
available habitat in the KNP, it is assumed that at a local scale, patches will
have reached a density that will have some level of impact on biodiversity

(composition or function) (point d).

Although all the TPCs are nested within the framework outlined, the

following section discusses the hypotheses and theory behind ench of the

individual TPC ¢riteria,

Level 1 TPCs: TPCs that deal with new invasions of a species in the KNP

. Imminent external threat {(a species on the boundary, that will invade
within 12 months)

. First ever record in the KNP

Principles:

1) The introducticn of any new alien species is contrary to the mandate
of SANParks (KNP 2005, Foxcroft 2005b).

2} The potential negative impacts of biological invasions far outweigh the
risk that the alien species will be benign (for example see Mooney et
al. 2005, and the numerous references therein).

3) A 12 month period of likely entry into the KNP should provide
sufficient time for developing management strategies and cantrolling
the population appropriately outside of the KNP, This should however
be considered per species and adjusted accordingly where necessary,

Although this is not stated as a hypothesis backed by a body of



scientific literature, this is based on experience gained by the author

working in the KNP managing alien plant invasions,

Level 2 TPCs: TPCs that deal with an increase in distribution of a species

(or all species combined) in the KNP, aver a 12 month period,

» First ever record from a new grid cell

«  Any new grid cell invaded that is not contiguous with the previous
distribution

«  Expansion of invasive species through contiguous grid cells which
represent more than a 5% increase over the number of grid cells
recorded as invaded in the reference (base) year,

Principles:

1) The early detection of new incursions of invasive species will allow
timely response and potential for eradication, This principle is widely
accepted (Wittenberg and Cock 2001, 2005} as a standard procedure
for the successful control of invasions, Further, studies suggest that
once an invasion has increased to an area of over 100ha, the chances
for eradiation are minimal (Rejmanek & Piteairn 2002). The incrzase
of propagule pressurz will at some stage reach a critical mass, at
which point management will be compromised. This is based on the
"long-fuse, big bang” theory, which states that although a build-up of
alien species may be slow initially, this is followed by a rapid and
expaonential increase in the population and propagative individuals and
is seldom manageable once reaching this point {(Wilkinson 1995,

Chapman, Le Maitre and Richardson 2001).



2) The eradication of newly formed invasion foci will increase the
probability of containing the invasion at its current extent (Moody and
Mack 1988). Although the criteria stated above were already
determined in the first iteration, only the 'first ever record frem a
new grid cell was used’,

3) Although expansion and contraction of alien species is expected to
occur through natural processes {the acceptance of a flux paradigm),
the tetal area of the invasion should not be allowed fo increase above
a stated maximum tolerable "ceiling” level, from the base scenario.
This level is currently stated as 5%, but is a guess and requires

refinameant.

Level 3 TPCs: TPCs that deal with an incrense in density of a species (or
overall alien species density) in the KNP, These TPCs are not yet operational
however, due to the lack of data and efficient cost-effective monitoring
options to date. They are nonetheless described hypothetically and may in
future have the potential to be used as surrogates for biodiversity impacts,
«  Any increase by 2 density classes or more in any grid cell
» Any increase of 1 density class upwards of “medium density” in any
grid cell,
Density is currently measured in the following classes, but will be reviewed

as monitoring options are evaluated:

= Rare: The species is present in the area but at very low densities with
individuals being seen here and there; density = 0.01%

= Occasional: Plants are widely spaced, occurring here and there - on
average more than 10 canopy covers apart: density = 0.02 - 1%



Very Scattered: The plants average 3 - 10 canopy diameters apart;
density = 1.1 - 5%

Scattered: The plants average 1 - 3 canopy diameters apart, density = 5.1
- 25%

Medium: There are clear and plentiful gaps between the canopies of the
plants and other vegetation is still present and vigorous; plants average
0.3 - 1 canopy diameters apart: density = 256.1 - b0%

Dense: There are small gaps between canopies and no canopy overlap and
the other vegetation is still present; plants average 0.1 - O.3 canopy
diameters apart; density = 50.1- 75%

Closed: Plant canopies are clesed, touching or overlapping and other
vegetation is generally suppressed, sparse or lacking: the plants average
less than 0.1 canopy diameters apart; density > 75%

Hypothesis.

1) The increase in density of invasive species will lead to an impact on
indigenous biodiversity, in terms of compoesition, function or structure.
However, this hypothesis has not been tested in the KNP and only
arbitrary density values have been assigned as evaluation criteria thus

far.

Future work

An important issue that will need attention in the next five years is
developing an understanding of invasions in the KNP context (in terms of
ecology and impacts). From this we can then refine or develop new
"biodiversity impact” TPCs that either directly, or through use of
appropriate surrogates, address the issue of negative biodiversity impacts.

This was highlighted in the ‘postview’ of the objectives hierarchy as an

important avenue of future research (KNP 2005}, A start has been made on

this through research that aims to quantify impacts on selected biodiversity



indicators. This however clearly needs to be expanded to measure impacts
on other ecosystem components such as ecosystem services and provisions.
Useful studies have been done on the water use impacts of varieus land-use
practices (commercial Torestry using alien trees) and naturalised and
invasive plant species (for examples see Versveld 1998, Le Maitre 2000,
2001), Similarly, we need to develop an understanding of the relationship
between abundance, distribution and impacts on the ecosystem. Do you mean
you need to develop the ability to express impacts in terms of biodiversity

logs?

The idea of ‘rate of change’ and "buffer capacity’ TPCs has alse been
suggested. Rate of change' refers to the speed at which the system is
approaching the peint of ecosystem change. The concept of ‘buffer capocity’
should address the ability of the system to respond to the suite of potential
management actions before changing to an undesirable state. Thisisa
philosophical change in and refinement of the 'old’ TPCs and requires more
careful consideration and modelling approaches. For example, if we gained
an understanding of the time it takes fo reach an alternative state,
dominated by alien species, we could model potential invasions and set TPCs
accarding fo these rates. Following control or removal of the invaders, the
legacy effects, for example persistent nutrient or soil chemistry changes,
would determine the buffer capacity of the ecosystem to recovering from

invasion,

Conclusion



The development of TPCs for managing invasive species presents an approach
to management, which is fundamentally proactive in natura. The system
allows for natural ecosystem flux, but within pre-defined thresholds of
acceptability, This represents a pragmatic approach to a substantial

biodiversity concern over a vast arza.
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Figure 1: Model hypothesis underpinning the development of TPCs for
understanding invasion process in the KNP. g) arrival of a potentially
invasive alien species at the boundary of the KNP, b) invasion into the
KNP, ¢) successful invasion into and spread within the KNP, and d)
occupation of all available habitat, increase in density and increase in
impacts on ecosystem services and processes. However, due 1o the
patchy nature of species, an increase in density and impact may be
observed at any scale {thus the broken arrow line} and not necessarily
only once densities are high oeross the KNP landscape. Substantial
impacts are expected at this peint though. (This framework follows the

mode| approach by Richardson et al. 2001),
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Further, mtentional introductions may arize in the NCA
throuph developing exotic gurdens at the Jodees and at the
homes of slaff und other residents. Many of these inteo-
ductions took place dt a time swhere their effects and
conseguences were ot well known,

The sroeies peobless frn the SNCA and SNP

Following a sarvey of the mnvasive dlien plunts in and
pround the SNCA by Lo Desdersen i Movember 20002
[Hendersor, 20020, LOT comdacted a Tarther survey there
dnd in the SM1 during July 2085 and provided manage-
ment tTecotmmenddtions for hath areas (Fowvcroft, 2003a,b).
Lraring Seprember 2003 WA, participaied g Rhing
rvanazement workshap (Mills el @l 20035 peoshding
additiontal recommendaticns (Toller & Poscrofl, 20030
Hanmlerson (20020 lived 39 sproies in the NOA and o
[arther eleven specics in Tanzania The mdio privridics lor
MCA include Acacto neearsii De wWild, Awstraling. Cuesalpingio

40 2t Fhe Avilors, Journet compilation 55 2006 Blickwel Fubilshing Thl, At § Feal, 34.404-400



deeopetielo (Roth) Alston (Asla), Fucelyptis raekaldnlensis
Nebimh, rAustealinl and  Lowdeara jopamies Thanh, wvar
ftafimze Michols (East Asia, Japan, Karvea, Chinal. Tn the
SMP, Foncraft (2003001 indicated the maoat secons nvasive
plant species lo be Cyplidropuntis exallols (A, Terezer)
Backeb , 00 stefita var 2illennfi (Ker Gawl) Hawl, 130
monavantio Faw, and Pista sinrtiotes T,

Autygernent resoniRerda s

111 order to 1maximize the benefits fTom manaseent inter-
ventions anl the chaoces of success over the long-teem, &
slratewic plan i ceouired o cnsure resenrces are deploved as
wisely as possible. 181 frequently tocordod thal much cnergy
and effoct 1 expendal on Uhe techmigues ol controlling amd
retnnving invasive plants, while litele atleualion is paid (o the
atrategic planning of control aperations and use of resonroes
ihoody &Mack, L928], Typically, cmiphiasis s placed almost
solely on lowistical planming and o Bxed smounit of lundioe is
provided oo oan anoual basis, with gg much work being
cirriced gl as possible — wiil the mesoesy fos oot Sach an
djrpripgch s nob gconduneive e sustaingble coadeel pro-
erammes. wbuch maxiomees retucn oo iiestment, Ratbier,
theexrenr al the problem amd 1he costs arl laisees hawelved
reed 1o be keswn, Therea ber. corelul planniog can be caz-
ricil ol el Broally, the funding soughl o implement {his
e, T bl mane e, 0 he Dumdiog iy bsolficiend, additional
Turids o be added Later foeaere all Phe pecessary results
are achimied.

I is sugpestel that prioriiies are sel by grouping Lhe
albe specles aovordlng oo the Dallessoog fonr characiersiics
(Mcheely ar al., 2001
s the current extent of the specles in o near rhe area:

« current and potential nnpaces of the species;

s the value of the habitats that the species has or may
invade aud

w the difficulty of cootrol,

The following ey recommended.

Alien species management objectives cshould be ser
which are g ine with the broader conservatnon objectives
of e OA and the 317, An early detection and muwoni-
oring programoe should be developed and implemenied.
Beeular survevs need to be conducted of known mufesia-
tions wnd key arcas or habitats shoukd be monitored. 'The
imfroduction of kuown and potentially invasive alien spe-
civs should be probibited aud exizdneg ones phased ot
Simultanecusly,  educarional  aworeness  programmes
chipuld be inatituted b ool furdher atrewlucthons oo

A revtewe of alien plaiet dnvesiomes 40k

shieuld cover BCA stafl, members of other institutions and
Llw resicdent commnunicies. Tallewing the confirmation of
managemient priorities the implementation of control oc-
ripns ahould Te integrated, wherg possible, with existing
Mangement progrinames such as contrelled burning, to
complemeant wenl treahimaad. cfferts, Comprebonsive alien
planl raanapemend. plans should be compled for both the
MUA and SNP, seith external cepert belp il necessary. amld
with a special Docling propesal 1 aveilable budaees are
leniting Biological comral vplions shouhl Be Dnvestipatel.
in collaboration with appropriate jostilutions, especially
lor bighly invasive spegios D0 areas on close prosiminy te the
SMP apnd b MCA, Appropriate research should be con-
dugted tooallee Bor o inlorm management.,

Acknnswledgements

Wieowonld Bke o Whank Ahe WCA Authority stafl, especially,
M Amiye Tloa Amivi, Mr Henry Sweecddy and Me Masaay
Titus, Mr Fphraim Mwonsomn of SKP bosted LETF during
his Lrip e SMP. The Vronkluer Zedegieal Soclety for
speaisciing our trave] B and feom Taneaima and, inopar
ticular O Peter and Mres Fatelle Morkel, [or inviting and
bsf re wg ar MOA ol Dy simon Thicsood and D Mackos
Boroer Tor Busting TOF . Serooera. W thand T Mkambo
[or helplul commmerns oo Ahe manuseript

References

CReME. 00 T 119933 Chaopgiop worlds dind changing weads. Tne
Provevlings of the BCPC Sgigpcsinm, Weals in g Chayyging Warhd.
(Bds. 2, 5STIRTOe Rrillsh Crop Protectan Courectl, Farnham, G4:
F=1%

CRorigs, (L0 & Fuccer, T.0, (151951 Flang feaaerons: e Theear ta
Netural Frosysrems. Chaprman & Hall, [ondon.

Fesscwewr [L0 (2000 5A) Mecanpoeudetiong for ihe manogenent of
rrvsiue aliem plapes cond preblemolis ineipeunis waed species in the
Mpororern Conyercation Area Axthorily, Final Reporl congeled
Servernber 20005 for NOCAA and Té5 L Feacrall, Soulh Afvica
Sational Parke, FABap X402, Shokasa 1330, South Alcca,

Fomaeai®T, LA 12000500 (e rertivns and recomerendaions for the
apieacrgenent of Dvisive elier sloet species ia Sevempedi Nediol!
Herk. Final Bepoct compiled S oneember 2003 (O NCAA and 128,
|, Foxcrall, Souath Alrica Naliooal Backs. 1P/Bag X402, Skuliozs.
1453100 South Alrica.

Hesomesss, Lo 420021 Problem plerly i Nysrongare Copgtrslivm
Are. Fial Fepurl Compiled 29 November 20002 for HCAA and
Fes, L Hendersan, Agrkcullucal Besearch Council Plapt Poo
lection Besearcly nsitute, statooed ol Ralivnal Rrtanical
Imstitente, Privade Bag X101, Pretocia 0001, Sealh Altica,

A2 2006 The Aathoes, Tournal compilation & 3006 Wlackwell Publishicg Ll Afe [ Teol, 44, dkd 406



OE BOB SEE 0 T Y P RARG L (AR G o

A ZOWH SO TS UE L LT LG S
(S EAIT Ayt b4 patdain phaasnuegy )

R AR TS L

VHEE LHAHRIIN G o (] PR A TN ¢ ] SPA) BIRR0TY CRasusan]

WEARUO} PURARLE Y |RIIRILDTI |4 217 J STPET,]

I IS
1 e TR STIPRALL [GEa ] 7 LAAY SYA T AT CMIETIAL A

Mo REHPUGIEIE, ] RERT A ATSARAIY ) ATPLINLERET LG

™' _u_:m SO0S09VILTH ._,H FJ?..—H.......ﬂ.:.- 5] H._ ..Am_...._."_ r_._f_:_.. “_.C:___..—:__v..

10 HOFA AT Gy L TOT CETICASTARDT YURN ANy (SRR L E ) s
STNTSAT] & CEL] SMVEALOT] AL YT STIVEGIIA L MO H

“SpURREENRT pue 3dead (0] STmInos prie spoedin

] RIS | W T

"lod-adnL

B cpe AL T 100y WECEED [0 A ayp suosean
e o praads A BTG IRAEL] TN e B Aoy

YOO TR L LU LT

EARTRE G A ORI O] G oLy, gl Jo s oo

PR L] TATRLY EEAGTE A SR OF G0 3y fo ol

-0 EURgy 1§ 0T R TR COOGOEONT A Ty CIMHOE C TTE
=R T IEALTUTEY R CADTY A THOALL T L G T ey

AL SRR LY P PO AT Y PR

UWDLLE TR ] S wsRl) JEGUE] d1g) I Uigredgay

A0 NSRS ) ) P BB QRIS (R0 L LOOT b TSR
L EN AL A L RIS UL OAAR U s e AT N

AT Aogunday -8 oInAunIndy

SEPOG evoNag e plang g syaean o quodoy a4y ouy

Jom et 0B eER) Y LIRS ] UAUNAGERY ai U S]]
ALIEIAN) (T MEREAPIREY (8007 ¥ LN R T AL HELL

B LR TR ST e B [



sy o | eeamelll AN e 8] —
P s wl o g vl WY 5 ey

# o el il M Al e
L gy ek gl SR N L e
g s AN ] i by o AR b
B . e e |

e i R B R B I
[T g

v W L g ——

T e, s s -

hh el | S k) e 4 Ny

Babest 5 2 wa

] el A (L Ml p T e
PmE e ey Sl Eme— s S ey
i e (s el el o W g T —
s wmen B emge—

By bl b e T asae B ek A | s
ot e lt, e, o i iyl & (i e
A g g Sl W v e —]
I e T T ]

T A | B e, 1] Sl | e A SR
A W (PP ] A | W el T o
re—— e E— W 8 e D . -
T kil P g i B p———
e R e e ol

S ey e, P N et A el
bl | v e L b il ———
LEILE

i e, vl G-t | WS el ey W
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Part 1- Management implications.

L8 Foxeroft 1.C. & Dowpey PO 2007, Protecting Biodiversity by Managing Alien
Plants in National Parks: Perspectives Brom Sousth Africa and Aastralia, To: M
Ivasions: fumun pereeption, ecedogical impacts and masiaeenent (eds. B.
Tokarska-Gurik, ). Brock, . Brundu, L. Child. C, Dachler, P. Pyvick), pp. 391

47, Backhuys Publishers, Leiden, The Netherlands. |n press,



APPENDICES
Part 1- Management implications.
1.9: Foxeroll O, & Frenlag-Ronaldson 5, 2007, Seven decades ol instituticnal
learning: managing ailen plant invasions i the Kruger National Park, South

Adrica, Onx 413 160167,



Protecting Biodiversity by Managing Alien Planis in
National Parks: Perspectives From South Africa and
Ausiralia

Ilewellyn C, Foxerofth2? and Paul O. Downey?

1. Instingte for Blanr Conservation, Batam: Department. Lriversity of Cape lown,
Rondebosch, TAN . Sowh dfvica; E-moil: LlewellynFlsanparisong

2. D8P NRE Centee for Tnvavion Siclozy, Deparistenr of Botany and Zooloer,
Stellenwhosch Untversity, Privade Bog X, Madeland, 7602, Sowth Afvica.

1 Savanna Ecolusdeal Research Unit, Suuth dfiican National Farks, Kruger
MNawtanal Bark, Private Bag X 02, Stwkuza. 1350, South Africa,

4. Pest Management Ll Farks aind Wildlite iRvision, Depariment of
Environment and Conservation iNSH, PO Box 1967, Hurstvitle, New South
Hafes, 1487, dvsirafia -l pard downepimonvivonment asw ook du

Abstrac

Congervilion of biodiversits, gl #y Gaeets gned Muxgs, 35 the pomary metvaton for the develop-
roenl af protecied areas, [lineever, desigmating Tand os o profecied grea does nol negessanly result
ire Lhe conservaliom of hiosdiversaly, as a ringe of (hreils 1o bandiversity i s be aclive. For ea-
ample. iwasive alien planls pose o sipoiticanl thnzat to biodiemsity commpasition, steucions and
fitnelion. irrespective of protecled ared slates, Thus the hrea of invasive species e baliversity
needs be addiessed as part of o hkolste conscrvation strategy for any proected area. Such a
hulistic appricach most nel omly consdder the nvisice species within soch areeas, bue also thise
sprecies hat rranscemd ik boumdanes, Dlere we ddescribe the approaches developed by tao
wtpanisations that samigze prolected areas, namely, Soutke AfTicas Kooper Matiabal Pack and the
Mational Parks of MNew South Wales Auvstralia, and detail cheir progress towards the manageme-
entl of imasne alien plants for conservation. The key components of the various management fra-
mewotks are prosentcd here to ilusirate how cach las independendly addressed the problem of
lien plane mansgement and how componenes frmm cach could be vscd collectively

Introduction

Whale mugor pends of biochiversity Toss have occwrred previously, Tor cxample the
trve great extinction events hefween 500 and 63 millioa vears ago, the current rate
at loss is substantially higher (Wilson 1992). Human actions have accelerated the
loss of species (Wilson 1992) and are therefors a major contributor o the decline
i global biodiversitny (WRI ef o, 1992), Several major human-mediated causes
have heen 1dentified namely habnat desiruction {logs and fragmerntanon) and accel-
erated introductions of alien species (WRI e o 1992 TUCN 2005). Predicuons of
ety are dine, cspectidly when the wader impacts (e, alteration ol soil mwinents,

Planr fwvasfons: Yoy, pp 6t
Edined by Doy Xy
2007 Hookhios Prblishers, Leiden, The Nerherlunds
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atmasphierie 0 and alteration ol disturhance regimes) ave incerporated (Tilmon
& Lehman 20010,

Cre approach o biodiversity proteetion is lo desipnats Tand as a pristiected arca
{¢.g. MNational Parks). While the selection of such arveas is tepically based on the hin-
dhiversity value Lhey comain, not all hiomes are evenly represented. For example, the
gatve grasshands 1 Austeabia (Korkpatriek 19935) and the succulent Karoo, frass-
Baoeds and fvobes fonwlands of South Afoca (Drivere ef of. 20083 are under-repre-
sented, while savanna svslems are generally aver-represented. Trrespective of the
selaction process, such dasignations do not vuarantes hiodiversily proteclion, as the
processes that threaten odiversity are otten still present, {4 these, invasive alien
species pose a substantial theeat tMooney e of. 2005). Eneompassing all taxenem-
1 Eroups, eu viruses, ump, sleae, mosses, ferns, higher plants, invenebrates, ish,
amphibians, reptiles. birds and mamimals (Brighe 19955, wad with all landscapes
being powntially invasibc (Lonsdale 19297 the mangpement ol alien species Tor
Biodiversity conservalion presents a tangse of chillenges,

A vast wealth of knowledge has been accumulued n the ficld of alice species
manmagement sinee the SCOPE (Scientific Commilee on Problems o the
Environment) programmea of the 1080s (Drake er af. 1989} asked the questions;
which species invade; which habitals are waded, and how can we munage inva-
sions? TTowever, the namber of alien species on all continants continues s inereuse.
In evany eazes his inerease has been much faster than historieal vuasion patlerns
(ch Casin 1989, Rewchurd & Hamilton 1997, Groves & Tlosking 19983 Such
ineriases place Murther dermands o alrcady il resourees, outpace research, and
in manry cascs |imit comirel options. In addition, mamy aben specivs miroduchions
are irreversible, with cradication onby feasible for new imvasiony (Rejmanck 2060
or under special circumstanees (Myers ef of. 20000 While There bave been several
successtul eradication programs carried out on islands { Veitch & Clour 2002, fow
such successes have cccurred on continents o1 For widespread alien specics.

It the imvasion of alien species cannot he halied or established invasicns eradi-
cated, then we need 1o understand how to limit their spread, proliteration and
impacis on invaded ecosvstems. Such knowledze is needed to further develop man-
avement siratepies and monitoring protocols 1o protected aress, which are offen the
last hastion for native species or populations.

This chiapter focuses on the smuanapement of alien planls for the pretection of
wdigenons biodiversity wathin protected arcas, Despile the management of alien
plants in protected areas eing a global need, few delails hove been published on e
cenn parative approachey of different management structures; here we present bedh
an Australian and South Afvican perspective. South Africa and New South Wales
{NEW ) Australia share a sinular elimuale anmd cover sismilar topogeaphy (2.2 coast-
ling, temperate rancelands and semi-and repions). Further, they have many of the
same invasive alien plants (e Leamtong cameara Lo as well as alies plant species
bk are ahive G the other country (e, The Soulh Adrican plant Chevsanthemoides
arififene subsp, sotimdat (3001 Mol snd the Austrativn alien planl Acacia
cvclops ACann. ex G.Don),

Wlule we present two different manapement approaches, we do nol believe that
the scale of the orgamisations (one larpe park, Kruger National Park (KNF) vs
ey senaller parks. WSW, Fig 1), o the difttrent ceonosmics and cullures of the



s

Provecimy biodivaesan o amang@mg aften plawes e tioned porfy

coualies, provents generalizatum gerosy systerns, The manapement frameworks
and strategies presented are generic and many of the components can be tinlored tor
more specific siuations.
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Nl regquired, For example, the ahen speeies policy framework provades overurch-
ine principles and mndelines for managrement (see Foxeroft 2005) which include
Iy obligations under article 8 ¢H) of the Corvention on Biediversity, 21 invasive
alien species being reearded in the KNI as one of the greatest theeats to Modiver-
sitv. and 33 where possible. all alien species will be remaved and where necessary.
previonsly invaded arcas restored.
HMFP Mission
I ksapirg with the SANPar<s essan o ool biodoearsizg in ail iz naiural *2oets and
firaies, 36 et L MAN penes A hild A srong conslittensy snd e praseees ooy
Az possiole Lhe witemeass quaklas and cullurd sescy roes asseciated wik the FPark
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Fiz. 2. A sanaple of the structare and wording of the invasive species compuoent of the KNI objec-
tives hicrarchy,
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2. Thresholds of Potentiol Cancerir (15 Cs)

Matwral” vanation or fluctuations are allowed to ocour willon o pre-determime:l
upper and lower bt (n space and v ), These lmits or TPCs represent endpoints
1 a continuum af change, ot which peint sehve management 1s required (Biges &
Roeers 20038 In many instances the data to support these thresholds arg limited and
the TPCs are articulated as hypothesgs, requinng testing and relinement { Bigoes &
Ropgers 2003, Foxerndt 2004 ). Regular immonitoring 15 requiced 1o establish il a TPC
has heen surpassed or breached, Onee breached, an assessment 1s made as w Lhe
mosl appropriibe inlervenlion, Camently 200 TPCs have besn developed for 1he
major decision areas, including water low und quality, tire and alien species, Thers
are however, no lower thresholds for allen species, as alien species are 2 continued
saurce of concern.

The imvasive alien species TPCs are divided inwo three disunct management
responses, elating w the yrvasion process or pathwaay, The Fiest TPC tangzels new
Nvisions or ineursions willom the KNI s preventing new incursions will protec
Wodiversity from future any threags. This TT'C is breached by either an inuminent
extarnal threat {i.e. a species outside KNP that has the potential to invade within |2
months), or the st occwrrence ol an alien species within the KWE This TPC is
based on the policy positon that, 1) vew alien speeies tvasions conlravens The
SANParks mandate (Foxeroll 20051, 23 potental impacts fur outseigh the nsk of
an aliem speeies hemy henign (e Mooney et gf, 20008, and refercnces therein, 3)
The: possihilily of cradivation 1 degreased with an increase i foci o population size
(Bojmanck & Pitcairn 20025 41 early intervenlion is cost effective {Rejmanek and
Piteaien 20020, amed 51 & 12 month timetrame provides sutficient time to develop
management strategies.

The second TPC wargets increases inthe distribution ¢f an alien species already
within the KWE as such increases are lihely Lo resull 10 a range of negative smpacts
Ly fchiversaly. By dividing the Park into gnd cells (the size of which 1s currently
bueing eaplored) thal are toubnely searched, changes i the distolation of alien
spectes cin e detected, A hreach occurs when an alien species already present in
KNP s tecorded ina new cell and the new record is not in a cell adjvining the
species’ curment distribution, or new vells represent a greater than 5% mcrease in the
number of cells pocupled previously, despile active intervention. This TPC is hased
on: Ly the abiliey to deteet the spread of alien species early is crucial for effective
manapement (Witlenberg & Cock 200, 20053, ¢ g onee an imvgsion covers an area
of [0, Lhe chances Tor cradialion are mintmal (Repnanck & Pitemrn 20020, 2)
while very few alien species that naturilize beeome imvasive {see Williamson 19946,
those that do oflen expenience lag penods as a result of biotic barriers (Mack 19096),
Some alien species overcome such lags as a result of propagule pressuee, wherehy
a cricical thresheld in population size i3 reached (Sullivan er of. 2004Y. This pow is
lolleraed by an exponential merease 1 the pepulation which s seldom mamageable
{Wilkansom 19495, Chaproan «¢ af, 20001 ), and 3) the eradication of newly fonmed
Med will mercase the probability of comtamimg the myvasion a1 ity curmenl extent
{Moody & Mack 1988).

The third TPC targets increases an the density of an alien species i the KNP
This TPC is srated as a hypothesis, as it is nol yet operational, due in part o the lack
ol ditw om weceplable thresholds melatimz o density related napacts and the avail-
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ability of cifcien cost-cffective montarng prstoeals o detect such thresholds,
Irrespactive, this TI"C will use a range of defined densities {betnp scatterad, low,
medium, and high) to determune breaches, as any increase in density of an alien
mlant cun be used as a surrogale measere for an merease i hivdiversity impacts. A
TP breach oceurs when an alicn plant speeies inercasces s density by two density
classes or maore m any cell (e from scattered to medium density ), o7 morcases
from mediem density in any cell. This TPC is bascd on the assomption that
increased Jdensity is lTtkely 1o Y have neaatve impacts on indigenous Bodiversiny,
2y fe a relection of a poental rapid expansion event, 3y requare increased man-
apement. and 47 ugh densihies are more Tikely 1o result in changes to ecosvstem
Tumetion and serviees (e altered disturhbanes repimes; Mack & 1 Antomig [ 998).

A KNP review of the TP process showed that breaches of the ivasive spectas
TP weewrred more trequently than for any other management concern (26 of the
32 breached TPCs examined), highlighting the threat ahen speeics poscd 1o pro-
tected areas, which has enabled KNP management to gain g beter appreciation of
the prohlem.

3. Mosiiowring aned evalnating TPCs

For the TP process 1o lunetion effectiveby, a monitonng systenn 15 requared that
alloras dala collecuon which 1 consistent with the reporting reguirements of cach
TEC, throngh and within suitable memitorne meframes (e pricd celis) or inter-
wals, For example, cenain TECs may reguire annual data eoblection, while athers
iy onby necd Mve vear micrvals, as changes 1o these systiems are gradual, thereby
PrEvENLING unnecessary mamionmg,

. Respouwding to a TPC hregeh

When a PPC s breached or prefeeably when maodethng predicty that 1t wall be
hreuched, a notification plun s prepared datailing the natura af the TP, predicted
consaquences of tha braach, and the recommended actions required to reverse the
breach. For axample, the alien plant deacia decurrens (Wendl § Wiltld., o large tree,
was recorded just oulside the KNP bowndary on the Sahie Rover and thus breached
the first TP, As this popuetation consisted ot a few individuoals, a rapid response
aclum was recommeided amd mmediate eradication wax initiated. Tn another
example, the alien planl Parthenamr fuslerophorses T an annual herb, increased its
distribution 1in KNP from the carremby riapped amd managed area, amd thos
breached the second TPC. The reeommended aetiom was to immedialy re-survey
ity extent within KNP The survey revealed that 2 fesreraplorss was wadespread
anel thus was nod a switable candidate for eradication, Subscquentby the speeics was
referred to the Working for Water Programme {se2 below) 1o conerol and manage all
the known populations within KNI

5 Contrafling alten plaemes within KNP

The South African Nationa| Wiorking for Water Programme (WEW ) s one of the
lirgest. alien plant conmol imitistives to be wndertaken, worldwide {van Wilpen
20034y, Established in 1995, the Programme’s aun 15 to coneral alien planes in water-
sheds to restore water flows, winle creating emplovment for a laree number of
Soth Africa’s unemployed. The peophle emploved i this programme ane gven
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tected areds and surmounding lainds (eg. see Denmis 20020, 3) asset management
{e.g. cultural heritage values), 41 infrastructure munagrerient (.o controlling alien
plants around picnic areas, camping srounds, walking fracks, and roads), 5) fosler-
ing research aimed at improved management and, 63 delivering browder siralegic
vuleames (e actions mostrategies like the National O monilifesa Strategy (A RM-
CANZ ef af, 20000 or the € monififesu Threat Ahwement Plan (DEC 2006), and 7)
alien plants which have potential impacts on hunwen beallle Tnoaddinon, the man-
agement of alien plants in X8W meee also be governed by legislation (g, NEW
Nrocivmy Woeds At 1993

There are more than | 380 naturalized alien plant species i1 55W (Coutts-Smith
& DNoaeney 20064, 300 of wluch sre considered to be tivaders of natural ecosystems
{ Doy e af, in press) and ts are of concemn For pratecded arcas management.
Criven the lurge numiber of invisive alien plants and rescrves, the management of
alien plants 15 divided inke two components, namely, 1) centraleed pest manage-
ment unit, responsible tor state-wide progeuns and policy, and 27 regional and local
on-ground operations co-ordinated throush regional pesl management strategics
and dedicated pest management officers.

While the TPC system has not been used in N5W, the mvasion patloaays the
TPC s are hasad around have been addressed in a less formally conceptualized mun-
ner, throuph a co-operative covernance approach. For example, the NSW
Lrepartnient of Prirmary Indusinies assesses new mcwrsions (e fiest TPC) across the
stute, undf delerminey the course of managenwent 0 be undertaken by other stake-
hodders in wccordance with the NSW Sevews Hoede der 7993 This system 15 not
specifically aimed at protected areas, but rather the state as a whole. The regional
ekt NEnagemenl siedleaies o parl cneompasses the syatem described in the Tirst
and secomd TPL for KNE by identifving new incursions that have the potential to
intpaet on park values, The thied TPC 1 nol addrossed however, as the NSW syatem
luas migwesd aweny Tom an assumpliom based spproscly, 10 measuring impacts on hio-
diversily (.00 mercase medensityd we an actual impact measure (Les the odiversity
at risk), especially for wide-spread sprcies {see belww )

1. Stete-wide management

The focus for alien species management at a state-wide level in protected areas
within WSW is currenthy directed throush the Threat Abatement Planing (TAD)}
process for widespread species (zee Downey 2003, Downey & Leys 20041 This
process reguires pooriication of ahen planls for management, an understanding of
their impact an badiversity, as well as mmformation on the best practice managzement
Cice helona for lerther discussiond,

2. Regional managemant

A resources (e menctary and in-kind) are msufficient (o control all alicn speeies
1 all parks, a series of regional pest management stratesies have been developed
which establizh priorities and direct resources to areas where expected outcomes are
e wreates! fooz. NPWS 20020 20045 These regional strateyies are currenlly being
revised using an improved set of coriteria, encompassing |2 munagement urcis
dividad into four prioritized categories {Jow to very high). The management arcus
include biodiversity conservation, human health, new incursions, neighbour rela-
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Hons, cultural berilage, world hertare areus, memeation and acsthene values, com-
munity backed programs, co-operative programs. commuiity educafion. previous
programs, and opportunestic events (¢ aller wildlmes)

Developing a strategy for managing alien plant impacts nn biodi-
versity

I a mjni-review of alicn plane management i Austraba, Downey (s voluome)
argues hat mmpacts on biodiversily are 1ot adequately addressed, with the exception
of some reeent work by the PWE [or widesproad speaies. This work bas led 1wo0a
three stage assessment svstem, eing the idemtification of 1) the alien plunt specivs
posing the sreatest fisk to biodiversity, 2) the biodiversity at dsk from alien plaus,
and 3 an eftective management strategy tor aliten plant species that pose the greal-
est threatl w biodiversaty — each ol which s outlined brielly holow,

. Identifving the atien plant specics posing e groatest visk to biodiversin

Of the 2800 naturalized plants in Australia (Groves e af. 2003), about half oceur m
NEW (zee Coutrs-Smith & Dowmey 200607 Of these, many do not pose a threat 1o
Protecied Areas as they are. tor example. aericultural mrvaders. An assessment of
the alien plant species that are naturalized m NSW was developed Lo detertine the
polentral impact of naturalized alien plant to biodiversiy, This assessment of the
1380 naturalized alicn plams within XSW reduced this number 1o 3000 species, by
excluding all ahen plans hat only posed a threal i agnicoliural, wasiclinds and
urham (g, raudsides) situations, and then all those speeies that were considered 1o
be naturalized but not a threat or unlikely to pose a sevious threat in the future were
gliminated, using the categories outlined in Groves e qf. (2003). These 300 species
were raltked usig a model which sssessed current and potential distribution, the
types and diversity alecolagical communities invaded and the way in which odr-
versily was impacied (e, ceosyvstem funcuon, and abiliy (o alfect an enlire com-
munity . This was then weighted against e total biodiversity prosent an a regian-
al hasis (sve Downey er af. in prossy The model predisicd that approximatcly 90
alivm plamts posed sipnificant conewm for biodiversity conservation, sugpEesiing th
management strategies for protected areas should be focused on these alicn species
in the first instance. It must be noted that for many of these alien plant species some
foarm of control currently occirs.

2. Detersining the bindiversity ar vish from alien planes
One of the primary ubjectives for managing protecied arcas 18 1o ensure that the val-
wes contained within such areas ure not eroded. While the major causes of bioh-
varsity decling have been identified (see WERI e o2 1992), little has been done to
determine the native hiodiversity that 1s at nisk {(Downey this volume). Given that
protected arcas address the main canse ol bidiversity decling, ez habital destrue-
don, Moediversily conservalion in such arcas must address the nest major causs,
Iting urvasive alien species.

Historically, atempts to determine the unpacts ol alien specles to native odr-
versily have becn either through specilic scientific wvestization (e Weiss &
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Nuahle 1984, French & Zubovic 1997, Vounic ef af, 20000 or rovicws of such std-
ies (e.a Grice ef ol 2004, Vidler 20041, However, s more comprehonsive ds5ess-
rmcni 15 needed. thal encompasses a broad range of biodiversity and a rangre of alicn
plant species. Recemt work undertaken by the PWD involving two  disting
approaches has enablad such asscssments, The firsd process mvalved an examina-
tion of threatened specias lists (see Coutts-Smith & Duwmaey 2006), while the sec-
ol invalved the development of the Weed linpact to Native Specics {or WINS)
assossmonl process {see Downey 20063 These two new approaches huve signiii-
cantly ncreased the number of native species considered 1o be at risk from alisn
plant mraasions within WSW (Towney, this volume. presents further discussion of
these approaches).

3. Deterniitiing an cffective managewent strategy for alice plant spocies that pose
the sreatest threat fo Diodiversity

Knowing which afien plants are posing a threat to proteatad areas and 1he odiver-
ity most al risk trom such invasions provides the auspices Tor develuping manage-
ment strategics. For example, the Threat Abatement Planning (TAP) process dovel-
wped under the KW Hluvarened Specios Conservation At 1995 [TSC Act} for
whien species listed us Key Threstemng Procoyses (KTP) has led to such a manage-
ment straters, A Threal Abatemiont Blan outlines & strategy to abale, amellorate
gliminate the threat posed by he KTP wo biodiversity, independent of land tenure.
Based on the only alien plant TAR to date (Lo, O meonilifens TAP, see TEC 2HI06),
the TAP contuing five browd objectives, which gim to [y develop a stralegic frame-
wiork for deliverme control of the Uirear to areas of igh conservauon value {in
terms of theeatened Modiversity ) 23 develop and promete besi practice manape-
ment, 31 moeniter the etfectiveness of control progranues m lerms of the recovery
of Lhreatened biodiversity, 43 fster community education. invalvement and awiarne-
nesa, and 31 lentify and il knewledge aaps where possible. In order to meet the
First objective @ two stage process was developed to determine and priovitise sites
whizres the comlool o alien plamts wall have the grestest henefil for biodiversity, The
st stage uses e four slep WINS gusessinenl process, being 1) lileralure review,
2y tarpelied workshops to survey Lt mandgers, 3) development aml revies oba list
of native species at msk, amd 4 mudel the Gnal list (see Dusaney 2006 [ur Tarther
detailsh The second stage wssesses The sites whoere thisse apecies gcodr e contral
based on the 1) ability Lo achieve cifeetive contrel, 2) the sctual ninpact of the alien
species, and 3 ) condition of the species and the locution (e, other thrests presenth
Implementation of the O woailifers TAP at the 169 priority siles G the sonserva-
tiom ek 19 species and 26 ecological communities involves all levels of government
and the cormmumiy, Comommity groups (0w Landeare groups) play a pivetal role
in mgnagement of shen plants in Aosiralia as well as helping w raise awareness
across the broader comnuniry (see Atkins & Maolloy 1993) There are approsi-
matehy G community groups working along the coastline of NSW, many of these
aroups work on the contral of £ seosilifera subsp. ratindata and the restorstion of
provioushy ivaded areas (ot an- and oiT-park).



Friteciiog biodiversiiv Sy mmenaying alled plants fn patiend pepks 13

Comparisen of the two appreaches

While caeh ameney developed a dillcrent approach to invasive alien planl mannge-
ment, womparisons of these approaches tHostrate that each agency actually
addrezsed similar management components in a different way, and what could col-
lectively form a more comprehensive struleuy. The KIWP used o [ormileeed man-
agemenl strecture, emphasising learming by dong’, where the speailic muanage-
ment obrectives are directed through a series of ilwesholds of potential concern
{(TPCs), The TCs are based around acceptable upper and lower limits, within
which ‘natural” sariation ocewrs, and o order 1o detect breaches monitoting is crit-
wcal. Active intervenbion onky occurs wnee a TPC has been breached, The aben
apecics TPCs are an cvalving process: a5 s the case [or vther TPCs and thus some
matagement aspeis of ahen spocies managemeni are vet to be established for KN
{e.g the impacts on bindiversity of widespread alien species). On the other hand,
the PWD opted tor a more informal management system, involving a combination
of state-wide and regional priorities which accouni for the objectives behind the
firsl twes TPOs developod fue KNPE without specifically fecmulating a rebusi PO
for cach or adepiing o foomal monitenng system, Thay is probably in pant becawse
the PWTY works wath eiher ngenees m NSW 1o mamigze alien plants. [noaddition,
the PWIY hgs placed a1 greaier emphasis on understanding and managing: the
impactys of widespread allen plants on biodiversity, through the development and
mplementation of strategies o identify and prioritise alien plant species, the native
species at sk and sites for control. This process 5 not based oo assumptions of
impacts as s the case of the durd TPC, bul coutd be cocompassed walhin i fourth
TR where some measure of e specics ol nsk (e a specihic aumber) imiliales a
breach and o TAPR 15 developed and implementad.

Irrespective, many aspects of managaimeint componanis are sumilar between the
two arganisations, specithicalby the nead for additional data o make decswons, Tur-
ther research [including the cvaluvation of control progrums), and involvima the com-
mueaiy and nelahbaowrs,

Conclusion

The threal psed by alien plants 10 the value of Protecred Areas and their manage-
ment cannot be overstated. This threat has resulwed i developanent of many alien
species management sirateanes 25 losirated by the South Admcan and Aogstrdan
eamples preseoted here, aimed al delivenng the same ouleomes, Bolh agencies
have had to overcome a range of hurdles which melude the linitations of the wvul-
able data, an increasing number of alicn plant species and competing prieritics in
order to resolve the vast munagzement ¢hallenges asseciated with managing biodi-
versity and alien species within protected arens.

This compatison of the two approaches highbighis the dversity of sofutions that
have been developed [or imanaging alicn planiy in Prdecied Areas, These approach-
g5 hoth mirrer each wher and encompass issues not addressed by the other, The
ideas presented here can be wsed as a model for establishing alien species manage-
ment siricwies for olther Prowected Arcas.
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Maraging protected areas in the tace of hiodiversity loss poscs substaniial chal-
lenpes. The selutions to these challenges are equally as complex and reguire a Tange
of differcol stritemies. Ty anbicipaiad that this chapler will be the beginning of col-
lahoraliomy bevween the KNP and PWIL anned at developing o collective knowl-
edee hase for the management of alien species within Protected Areas
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Seven decades of institutional learning: managing alien plant invasions
in the Kruger National Park, South Africa

L ewellyn 2. Foxerofi and Stefanie Fraitag-Roms dean

Abstract Tong-teim covlogical amd commmic suslain-
ability will ultimately determine the outcome of any
conservalion managoment programme. nvasive alien
plants, (irst recorlod 10 the Krager Mativmal Park, South
Africa, in 1937, are now recogndsed as one of the grealest
threats to the bBicliversity ol this Mark. Such plants have
becn managed i the Park since 1936, with control
advancing mainly through a process of tial and ceeor
Refinement ol invasive planl management strabeyres
haz resulted inan understanding of the target plants’
biology and conlogy, horbicide vse and herbicide-plant
mieractions, as well gz the plant-ipsect miteractions

of burogical contral, Carefnl imtegration of ditferent
conitrel methodds has prosed cascntial to cosure the most
apprapaate use of techpigues to deliver the best possible
reznlbs from the resources available and acltics long-
term suslainabilily. We vutlipe the development of
comtril efforts and current control programmes and the
process of teir weerporation inte the institutional
ety L Frieer Mativmal Tark over the last ¥ decades.

Keywords
snstitutivmal memory, myvasive alien plants, Knoger
Mabonal Fark, mechanical control, South Adrica.

Binlogical control,  chemical  comtend,

Introduction

The Kruger Matiomal Park s siuated i e castern
Limpopo and Mpumalanga Prosinces of Sooth Africa,
burdereld along its entire eastern side by Mozambigue
iliig. 10 The Park extends 360 km from north bo seuth
and cuvers 2000 ko', making it one of e laegest
protected arcas in the world, Kruger is bisected by seven
rnajor river systems, originatng o the bighlands to the
west and draining o combined arca of ¢ 88,600 kind, Yhe
Park falls within the savannal biome of seuthern Africa
tarholes, 1997) and has been Classified into 35 landscape
fpes (Gertenbach, 1943

Kruper National DPark, although largely a roadless
ared under probection snee its declacation as a National
Park in 1898, has not cscapol the increasing threats of
balrical  invasions  (Foxcroft & Richardson, 2003;
Freitag-Ronaldson & Foxeroft, 2005 Invasive alien
plants {naturalived alien plants that preduce offspring,
iten in large numbers and at considerable distance
from the paremt plants asd thos with the potential e
spread over vast areas; Richardson of @, 2000), prohably
already present in the Kruger Natiomal Park region prior
i ils pacellemenl, have established and dispersed along
all major rivers and vast areas of upland vegetation.

Llatesallyn . Foaorodt (Cosesponn g anboe) and Strfanie Freitoy-
Roraldsen Souch Al Rational Far<s, S3vanra Ezolegizzl Fsaearch Las:
wager Tl Fark, PNy A 202, Lk aggs, 1280 Sonk &ficg

S-miall sl wnf@siat narks dry

rivetat L2 e S0 Reasion renssns 1 Ooiobes SOG
ArCsEEa 3 Fabraeye SNIF
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WAA0GT FFI Qe 132), 1B0-16T Aol 000 S0ENah= 3008

Stevenson-l lamilton recugmized mvasive alien plants as
a concern almost 7 odecades age (Stevenson-Hamilbon,
1937 when management was not hased on research and
science bul on a practical understanding ot e envaonn-
menl [(Rogers & Besthier, 997 I]nﬁ:«rhl.nat@]}', litthe weas
dome o addeess the problem until the 1950s, and even
then this was insutlicient to curtail the invasions.

The first six alicn planl species were recorded i 1437
as friablescine weeeds” (Table 14; Obermeder, 1937,
and this inilial list has been perindically apdated (Table
2). Currently, 372 alien plant taxa have been recorded in
the Park (Fosxceafl ef ol 20083; Fable 2. This wludes o
Iravstomier species (ransfirmer species are nvasive
plant: that change the character. condition, form or
nature nf ecosystermns over a substantial ares; Richardsan
el al, 2000; Vable IE] 125 invasive spocics. and 223
sprecies that are either nahuralized (meaning allen plants
that repeoduce comsistently and sustain popualations
aver many life cycles butb do not necessarilv mvade
natucal, scmis-satural or homanp-made ccosystoms) or
casrual aliens (lien plants that may fAourish and even
reprocduce aceasicnally dnan ares, but thal do nid [orm
self-replacmg popwlations, Foxcroft of all, 2003), The
ekt prevalent Imvasive species include b terrestrial
invaders and three spocics of (rec-lloaling aguatic
rmacruphytes (Table 105 Foxcroft & Richardson, 2035

History of control efforts

e Birst management gffuets in the fark were aimed at
the eradicalion of sprcics such as Persian lilac Afel

Fririea ir 19a Laited K -odoe ™
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the locatlen of e Vark KM in Souath Africa,

azedmrach Loon the Sabie, Crocodile and MNsikasi Rivers
s was dane by boring boles into Lhe Leanks anud (illing
these with paraftin (foubert, 1986) and in 1957 Hiruugh
mechanmical meons (Macdonmald & Gerlenbach, 14958;
Fig, 21 Chemical conbrol of invasive alien plasts in the
Park mitially developed 2lowly but later berame Lhe
main contrel method and focus of research, Durng
Lhee 19600 the berbicide KO 2500 (2451 waz besbed
and proved effeclive (Jouberl, I9Ha), fesulling oy the
furmal introduction of herbicides into the control of
alicn plants. Numerous heebsacide Uials followed oee
the ensuing years, with herbicides also used to control
woody shrubs, aqualic weeds, bush thickening and road
verpe encroacliment Nevertheless, these oflica faled to
provide adequate control al the plants and in some areas

W 2007 PRI Grpx, 4102), 180-167

resulted it erosion arul olber impacts, especially along
farcbreaks and fences [Joubert, PS80

Gy 1985 10 species (Table TE) were thoupht to have
been sucerssiully eradicated, wilh the eradication uf 2
further 14 species comsidered poesible (Macdonald &
Certenibach, 195455 However, ol Lthe B species consid-
ered eradicated, six sHll require anoing contral cliorts
tuclay. Whelher failure to ecadicale Lheso spectes was
because of later reintroductions or, more likely, a lack of
comtimaity im conleal efforls, = nel specificd in avail-
able roports (Foxeroft of ol 20033 We belipve the [atter
reason marg plansible as cradicalion 15 cxlremely
difficult under any scenarip (Panetta & mmons, 20040,

During 1982-14995 contrul aperations were comdur led
by the Parl's dedicated alien planmt clearing  teamn

161
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Table 1 Exarnples of invasive alien phant spociess mthe Emgee National Tack. Groops of species are alan crossreferenced Lo specific

disrusaion potacs i lhe eut

Creass

mof Lext refemence Specns

A First alicn plarnt speces Cheerspswiazm cephrosisae L

Terorded Carnalws Tivaarns (1.0 Thiels

Boerininia aitaza 1o
Comphrere cofossoiles Mart
Abemenpe ancgiogng L
Tagelez i 1o

I Species vonsidered 1o farlana caeeiva 1.

U bLmsoTmer specis

C Currenily the raasl Targdana cadenimy T

Chmgrfor sirichs [Raweortdy Hawaorllh,

prevalent species

Chmekdne steictd Haworth Havegmh

Chrenishaera poevata (L B King
% H. R

Azprfa fieuloides T am.
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cimsisting of 10 people, with occasional assistance from
rangers’ labour teams. Wark performiance was coarsely
measured by recording the mwmber of plant stemns
termved, focusing mainly on Lacfiw cremerir and Copien-
tia siricia. [n this period, 8,858,315 sterms were removed,
and a further 3,379,314 stems werne reomeved doring
1966193 (Freitag-Ronaldson & Foxcralt, 2003). Jarng
the latter period a peographic mfommalion svstem was
fiesk uved to capture the extent of clearing operations,
which amounled b0 appreximalely 92685 ha. This
represemks only 6% of the total area (5900290 ha)
invaded by alien plants i the Park buk s still essential
to the long-term success of Lhe conbeal  pperations

{Freitag -Ronaldson & Foxeeolt, 20083} a5 these ancas arc
regmlarly followed up.

In 1997 the National Working for Water (WEW)
progracne launched its lirst alien plard conirol project
it the Park, with the spancorship of ZAR 3 million trom
the Hoval Metherlands Government and ZAR & million
Trom the Poverty Relief fund of the Socuth Atocan
Covernment. This enabled the empleymenl of up tao
EonR unemployed people, focusing only on clearing
invasive aben plants, The project has conbinued to the
prevent, with a total of around ZAR 80 million (o 1156
205 million] betng spent on conteol efforts in the Fark to
the end of the 20806720007 financial vear. These massive

w BOOY FFI, Drpw, 41021 -G0-4af



Table 2 Records of alen alint speoes in Eruger Mational Park,
artangid cheennlagically [frn Frscmalt & Rickardson, 2003
Freitag- Honaldson b Fexeraft, 2005)
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management effurts, built upon the foundations ot the
Park s ewen alien plant cleading progeamimes, have led to
he current sitnation in which povasive plant population
abunddamees are nearing maintenance levels, with annual
lellomv-up operalions being  iovplemented. Howeve,
slhomaled these ol |uw-up upq:r:rlliun;-. |'r]'FlH|;"_, Experiem_t has
shown thal the system will revert to its former densely
mvaded state (Freitag-Ronaldson & Foxcraft, 2003),

Biolegical control

Bialowrdenl comtral 15 the intentivmal use of populatinns of
upper Leophic level organisms, commaonly reterred Lo as
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nalural coemics, b suppress populatons of target
irvasive alien plant species. The mirnduction of a moew
specics from one country Lo ancther is not without
inherent risks. [lowever, South Africa’s Agriculbueal
Bergarch Coumneil Plant Protocion Research Instibotbe
(ARC-PPRTY s rogarded as one of the top biocunteo
rescarch organizations in the world [Klein, 2007 and
permission fur hincontrol apent release nceds o be
given by both the Matwnal Department of Asricultore
andd the Deparbment of Envirenmenlal Affairs and
Tourism prior tu release anywlare in South Alrica
[Kleiry, 2000 Lhe ARC-FPRE is the lead partner in
biccontrol efforts m Kruger Mativnal Park and the use of
any such agents is only consideced afller all necessary
naticmal research, {esting, screening atd permissions
have bren granted. These slelngent pro-release processes
have resulted in an absence of nom-target effects on any
indigenims species ineither the Park or elsewhere in
South Adfrica (Klein, 2000,

first  logical aeml
[Mednptrmennes affingg; Coleopleca: Cuarcubionidact was
inroduced by ARC-FPREI for the cumtrol of Pista
stratfotes al [akamila Pan in the far notibern Paturd
region in V45 (Cillicrs of al,, 199, Martin & Fuscroft,
20013, This marked another sichificant milestone for Lhe
managemenl of mvasive plants and led Lo the develop-
ment of mtegrated control programmes in Lhe Park
Sirwe 1985, 16 hiclogical control agents have been
introduced mle the Fark for the contral of seven alien
plants (Table 1k; Martin & Hoxcrofl, 2001) with research
predominanmtly

In Krger the cumbrl
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evalualion of plants under biological control, alluwing a
greater understanding of the insect-Tust interactions
(Cilliers e af, 19%; Lotter, 1997 Hoffmann ot al,
1Ra )l Altlouyh o speritic studies were undertaken
on whether or not there have boen non-target effects, the
losg-lerm monitaring programme: peovided spporiu-
nibes b make the bypes of observations that would have
detected any such offects. To dale, none have boen
apparent. This was largely facilitated through g parmes-
ship between the Park, ARC-FPRI and Lhe Univeorsity of
Cape lown,

I inlraduction of Biological contral has not been
withuut problems, The often slow incresse of sects, as
well as the cyclic scasonal Muctualions, has vecoived
erikiciem  from those nat converzant with the fenc-
Honing of biocontrol. The Fark has boen o Lhe Brink
of abandoning cortain bloconiroal effurls when pressures
t provide a quick chemical solution have been over-
whelming, eg at the favoured lournist sile of Sunsek
Liam near Dosegt Salie (00 Foxeroft, 5 MacPFadyen &
C.) Cilliers, wnpubl. data). Nevertheless, bological
control has and will continue Lo play a major role in
the contral of aguatic wends (e, Poostratintes, Azolla
flicwdodilen and Swlornfe mobesta] that are mberently
aggressive and difficult 1o eontrol. Biclogical contral
has provided Iong-term management  apkons 1hat
etfockively save the Mark sulstantial eesoutces and s
also now recognized as onc af the most cosl-efleclive
ways ab managing invasions of alien plants (van Wilgen
et al, 2010 with selfperpetuaking populations of the
control agenl wainlaining the abundance of the host
weed planl at aceptable levels.

Role of stalf in importing and distributing
align plants

Varle staft plaved a wajor role in Facililating alien plant
invasions i Keuger Mational Park (Vesccroft, 2000b;
Foxcroft & Richardsim, wnpubl, data), In the past,
Park slall umwiltingly inlroduced exolic spockes inlo
cultivaiion in Lowrist camps and =tal villages  for
ammamental and other wses. Their subsequent escape
into the surrounding indigenous vegelalion highlizhis
the: role of indentiomal introductions as G of Tuhare
invasion, a situation nol unique to the Park, For exam-
ple. Faxcrofl et al. {2006) documented howe tourist lodypes
i the MNeoropgoro Conservalion Acea, Taeania, are
landscaped with crnamenial alien plant species (hal
puse d significant future threat o the surrounding areas,

Current conirol efforts

Kruger Mational Park’s 1997 biodiversity (onservablion
managermen!  review, w=ing 4 SWOT-tvpe  analvsis

iSlrengihs, Weaknesses, Upportunities and  Phreats),
identificd invasive alien species as one of the grealest
eovsystern threats (Anon, P997a) ahead of other tradi-
tivnally recegnized concerns such as poaching, fise and
large mamunal coptrel. Ehis was backed Ty widesproad
evidence from across the FPark and g developing
knowledie of mvasion biology (Rejmdnek el ol 20046}
In cssenar, Litkle ipstitalional Tearming and managomenl
adaptation to invasive alien plant threats had taken
place in the Park since Stevenson-TTamilton Hrst raised
his eonrerns i 1937 Wevorlheless, the 1997 rovicw also
marked the e when the organization acknowledged
and intermalized the fact that piven tme and [imniked
plants will eslablish  to
the detriment of indigenous bicdiversity, Foxoroft &
Richardsan (2003) and Tredtap-Romaldson & Fusmiruski
(2003 partly  ascribed the dailure of the Fark to
manage early plant invasions o the lack of integrativm
usf alien p|ant contdrol into averall manpagement sirac-
Llures, which failed w recognize the long-term threats at
the time. .

ICsomToEs, Lvasive alien

Alen plants are currently controlled by a combined
cffart invalving Lhe Park (Whrough ts [nvasive Alien
Riota section and rangers) and the nationally funded
WEW programme. WEW s parbeularly instrumaental in
management of riverine mvasions, focusing on chemical
ardd mechanival control of species such as L camara,
wiith
prowincial W ctructures gemains essenbial i coordi-
nating operalions at the calehument and landscape levels.

The Fark has developrd a bioconlrol rearing facility in

Clivantaleens odorate and  alhers, Collaboration

Skukuza, primarily for rearing the cochineal biocontraol
inscct Dactplopies opinlioe {Homuoptera: Dactylopiidae)
that is massreleased throughout the 66,000 ha O stricta
irvasion wathin the Mfark apd neighlxaring arcas. WW
operational teams hawve adopled this new  condrn]
oplion as an allernakive o manually spraving horli-
cides. This marks a significant development in the Jonge-
term effeclive management of O steicta in the Fark
and in the expanding scope of WEFW  operating
procedures.

Comiral of invasive spevics also requires the manage-
menl, miligation and, where possible, prevention of
propagule distribulion. hus recogaition of the mrain
veckors and pathwavs of dispersal arc critical. In Kruger
the invasion of riparian habilats far exceads thal of any
other habilat and @5 direclly lnked o the oxtonsive
invasioms in Lhe upper cabchimenls b the west of the
Park (Foxcrofl etoal, 2007 Lntil salsfactory and
suslained offorls are made in managing Lhe plant
irvasions  in the
watershed areas, long-term conlrel efforts will, at lest,

slale-nvvned  and  private  upper
only provide emporary welief.

f 200 R, O, 47027 "800 T8



impacts of invasive species

Within the Pack indigenous speocs may be Jiminated
or exfensively replaced with invasive pland species or
associated comphoxes (Holmes & Cowlisg, 1997) bul th:
direct megative impacts on biodiversity have not beem
imvestigated. However, it & imphicitly assumed that
such impacts are happeming, and arc therefore undesir-
able 0 the Natiunal Park contest (ROCN, 2000; ceitag-
Ronaldson & Foscroft, 20061 The lack of research to
quambity the negalive irn]‘-tlh bl ireasive hants hars
been a shortenming of Uhw Kroger MNational fark
programme (Coserofl & Freifugg-Bomaldsin, 2005].

Stevectural evosvstem diversity e ludes andscipe,
habitat, pepulabion and genctic structure (Noss, 1990)
and invasive species have effects ab all these levels The
Park is structurally an island amdsl vast and varying
lamdstape vses pnd has been invaded to varying extenls
by mumeraus alien plant species (Foxeroft 8 Richardson,
uetpubl, data). Alien plant spoies aee iy ot hesisod
to couse alteroative landscope patlems W e,
frequently with Severe follow-on effects, Aldhagh nid
rigoronsly tested i the Park, Lotter & Tlotbmann (1998)
give an account of the impact of O stefcle on the
vepetation stroctore. They showed that in an area
densely inwvaded by (3 sivfdn the vegelation was
signifivantly altered, with ) strict substantially ot
rumbering the indigenous plants. In o sinilar manmer,
spocies wilh allelopothie propertics, such o pard heniom
Parthenium Ingsterophorns, which has imvaded the south-
vrit neyon of the Park, may inhibil o preveit the
establishment of indigenous spedes s dose proxi-
mity (Reinchardu e al, 2004).

Institutional learning: internalizing the
experience

It appears that lile of the experience gained through
the management of INvasive spedivs way inlerdied in
Kruger Natiomal Park ror at least the first 6 decades. Thae
shw response W incrasing invasions uver time hive
resulled and will conimue o result o a oostly and
continuous  managument  programme. Clearly, slow,
msidious ecosystern impacts are ot as obvious and do
ol geneeate e irnnveskiot: amd large mesporse thiat
sizeable infrequent disturbances Jdo (Parsons of al., 2005),
aoreality bl managers mast wow esplicitly take inko
accounl. [ Kruger this gradual increns: I owareiuss,
suppurt and planning his only occurred in the Jast
1 years.

Efforts have becn made b revord amd document the
mvasion histury in the Park, peoviding an instibibional
memary and povord of leareing for fubire managers,
Dewever, the learmimg lokdng place both within the Park

SO Nes 118 10D 10
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and intamationally mecods to be further internalized in
the future, and we comtend that: (1) Managemend st
fully cbrace the inheront risks and chalionges asso-
ciated with biologicad mvasions by providing appru-
pridte resvurces; an iwsue thal has already recelved
attentiose. (21 A well docuanended and  annotated
databasce and roforonoe systom must be mainkined,
including  all imvasive species distnbution records.
management history, roscarch, monitoring and  the
mvrindd other activities that are taking place. (3 Setting
of ubjectives (both short- amd lung-team), deaftiog of
implemwntation  plans,  long-term monitoring  pro-
grammes amd research are ke dssuoes thal  requine
integration and adaptive lndback lnops to develop an
nverall, institutional approach to bivlogival invasions

Fruger ational Pack has wade substantial advanoes
im integrating the scieace ond management of invosive
specivs into 3 learming  framewmk  (Foscroft &
Rivhardaun, 200% Freftag-Ronaldson & oscioft, 2009),
Tuermed Strategic Adaptive Management, the process (s
embraced asa ramework of managod learnlieg, which
stocts slratcaic action o achieve desired endpolnts in o
commphex ecosystern (Salatsky of wl., 2000; Biggs & Rogers,
2003), Adaptive managemnenl has been successfully usesd
in natural cesource management n pereral (Salafshy
ef @, 2000 Biggs & Rogees, 2000; Smit, 20037 and
Mvasive specles tanagement specibically (Tu, 2060
Towns, 2006 In Kroger this approach has hulpm]
arliculate and clevale the threals, catalyze a broader
understanding, and implement appropeiale stroclured
respunses 1o mvasions of alica plants. We suggest that
ovicwing  and  capluning  previous  manoagemend
attempls, sucoesses, and probably more importantly,
fallures, are mportant steps 0 mproving  fulare
OprTalions
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APPENIMCES

Iart 2- Alien plant lists for the Kruger National Park

2.1 Table: Omamental alien plant species recorded per camp in kruger Mational Park,
mdicating the aumber of camps in which each species has been recorded, as well
as mode ol introduction {Chapler 43, Species names, authorities and indications
of naturabization are hased on Foxcroft ef of. (20030 Lvidence of cultivation
means that the taxon was intentronalty introduced. propaeated, ierizated and
tended 10, Evidence of naturalization means that the species has naturalised out
srde of stalt gardens and tourist rest camps. It might happen that the species
maturadized (maturalized. semsu Pyick ef al 2004) in the vitlage enviconment., not
necessarily in the natural landscapes. ¥ indicates thal the species is invasive in
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Part 2- Alien plaat lists for the Kruger National Park.

2.2 Table: Distriburion and nestedness of alien plant species between camps (Chapter 4).



Appendix 2.1 Table: Omamental alicn plant specics recorded per camp in Kruger National Park. indicating the number of camps in which cach
spocies hus been recorded, as well as mode of introduction. Species names, authorities and indications of nmuralization are based on Foxcrolt ef
al. (2003). Lividence of cultivation means that the taxen was intentionally introduced. propagaled. vrigated and tended (o, Evidence of
naturafization means thal the specics has naturaliscd out side of staff gardens and tourist rest camps. 1L might happen that the species naturalized
{naturalized, sensu Pyiek ¢ of 2004) in the village environment. not necessarily in the natural landscapes.

* indicates that the species is invasive in KNP.

Number of

camps in

Date of  which the
first species was  Cultivated Evidence of

Species Family Common name recoril recorded 2 naiurulization?

Acalypha wilkesiana Mull l'uphorbiaceas copper leaf 1944 § Yos N

Arg,

Acanthus mollis .. Acanthaccas bear's breeches 1994 1 Yos No

Agave attenuata Saml-Dyck Agavaceae sett-leaved agave 1099 7 Yus No

Agave sisalana Perrine Agavaceac sisal 1965 b Yes Yes*

Agave vivipura L. (A, Agavaceac narrow-leaved sisal’ 1949 2 Yes Yes

angusiifolia misapplied in SA) century plant

Agevatum conyzoides L, Asteraceac invading ageralum (949 3 Yes Yt

Agrerainm housioniarnum Mill,  Asteruccac Mexican azeratum! 200000 2 Yos Yos*
floss flower

Afuga veptans 1. | amigceas carpet hugleweed R | ? Yes

Alocasia sp. Araceae clephant's ear 1999 2 Yes Yes

Alpinia zerumbet (Pers.) Burtt  Zingiberaceac shell ginper 1990 12 Yes Yos

& Smith

Alpnia zerwnbet variegata Aingiberaceac variegated shell 1699 8 Yes Yes
inger

Alstroemeria peregriva L. Amarvilidaceac  Peruvian hilv 1999 I Yes Yes

Alternanthera deniticulata Amaranthaccac large purple 2003 4 Yus Yes



. alternanthera

AMrerngnthera ficoidea (L) R, Amaranthaccac purple Akermanthera 1999 2 Yes Yes

Br.ex R. & 5. Juseph's coal

Alternanthera pungens Amaranthaccac khaki bur wewed 1950 | No Yes

H.B.K.

Amaranthus spinosus | .. Amaranthaceae  thorny pigweed 1952 1 No Yes*

Anthurium andracanum Basellaccae flamingo hily 1999 I Yes No

Linden

Aniigonon lepropus 11L.4& A, Polygonaceas coral creeper 1951 6 Yes Yes*

Archontophoeniy Arecaceac king palm? 19499 1 Yes No

cunninghamiong 11, Wendl. & bapgalow palm

Drude

Argemone mexicana .. Papaveraceae vellow-tlowered 1932 4 Ny Yes*
Mexican poppy

Argemone ochrolenca Sweet Papaveraccae white-flowered 1952 | No Yes*

subsp. oclroleuca (= 4, Mexican poppy

suebfusiforniy GB.Ownby)

Aristolochia elegany Musl. Aristolochisecar  Dutehman's pipe! 1954 f Yes Yes*
cilico Nower

Arundo donax | .. Poaceae gianl reed’ 1953 | Yes gk
Spanish reed

Asclepias curassavica ). Asclepiaduceae searkel milkweed: 104 A Yes Yes*
hloodlower

Aspielistra elatior B Convallariaccae  cast ron plant’ milky [ 999 l Yes Mo
Wy

Asplenimn niduy L. Aspleniaceae bird's nest fern 999 | Yeos Na

Axonopus fissifolins Chase (= Poaceae carpet grass 1990 [ Yes Yes

A alTinis)
Bambusa balcooa Roxb. Poaceae giant bamboo! 1988 | Yes Yes



Bambusa multiplex (Lour.)
Raeusch. ex Schult. & Schult.
f. (= B. glaucescens)
Bambusa vulgaris Schrad. ex
J. C. Wendl.

Bauhinia purpurea 1..
Bauhinia variegata L.
Bauhinia X blakeana S. T.
Dunn.

Beaumontia grandiflora Wall.

Begonia X tuberhybrida

Belamcanda chinensis (L.)
DC

Bidens biternata (Lour.) Merr.

& Sherff

Bidens pilosa L.
Bougainvillea glabra Choisy
Bougainvillea spectabilis
Willd.

Brachychiton populneus
(Schott & Endl) R. Br.
Breynia disticha JR. & G.
Forst.

Bromelia spp.

Browallia americana L.

Poaceae

Poaceae
Caesalpiniaceae
Caesalpiniaceae
Caesalpiniaceae
Apocynaceae
Begoniaceae
Iridaceae
Asteraceae
Asteraceae
Nyctaginaceae
Nyctaginaceae
Sterculiaceae

Euphorbiaceae

Bromeliaceae
Solanaceae

balcooa bamboo
hedge bamboo/
Chinese dwarf
bamboo
common bamboo

butterfly orchid tree
orchid tree
fragrant orchid tree

Easter lily vine/
herald's trumpet
wax begonia/hybrid
tuberous begonia
leopard
lily/blackberry lily
five leaved-
blackjack/ nose stud
bur

common blackjack
paper flower
bougainvillea

bottle tree
snowbush
bromeliad

amethyst violet/
Jamaican forget-me-

1999

1995
1951
1951
1999
1999
1999
2000
1949
1975
1952
1952
1952
1999

1999
1999

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes

Yes
Yes

Yes

Yes
Yes
Yes
Yes
No
No
Yes
Yes
Yes*
No
No
Yes
Yes

No
Yes




Brugmansia arborea (L.)
Lagerh. (= Datura arborea,
D. cornigera)

Brunfelsia pauciflora (Cham.
& Schitdl.) Benth.
Bryophyllum
daigremontianum (Raym.-
Hamet & E.P. Perrier) Berger
(= Kalanchoe
daigremontiana)
Bryophyllum delagoense
(Eckl. & Zeyh.) Schinz. (=
Kalanchoe delagoense, K.
tubiflora)

Bryophyllum gastonis-
bonnieri Raym.-Hamet & H.
Perrier

Bryophyllum pinnatum (Lam.)
Oken

Caesalpinia decapetala (Roth
) Alston

Caesalpinia pulcherrima (L.)
Schwartz

Cajanus cajan (L.) Millsp.
Calathea sp.

Calliandra brevipes Benth.
Callisia repens (Jacq.) L. (=
C. elegans)

Callistemon sp.

Solanaceae

Solanaceae

Crassulaceae

Crassulaceae

Crassulaceae

Crassulaceae
Caesalpiniaceae
Caesalpiniaceae
Papilionaceae
Marantaceae
Mimosaceae

Commelinaceae

Myrtaceae

not
angel's trumpet

yesterday, today &
tomorrow

good luck plant/
mother of millions

chandelier plant/
mother of millions

donkey ears/ life
plant

air plant

Mauritius thorn/
Mysore thorn
pride of Barbados

pigeon pea
rattlesnake plant
fairy duster tree

striped creeping inch

plant
bottlebrushes

1999

1999

1999

1988

2001

2001
1961
1949
1996
1999
1999
1999

1999

12

Yes

Yes

Yes

Yes

Yes

Yes
No
Yes
Yes
Yes
Yes
Yes

Yes

Yes

No

Yes*

Yes*

Yes

Yes
Yes*
Yes
Yes
No
Yes
Yes*

No




Callistemon viminalis (Sol. ex
Gaertn.) G. Don ex Loudon
Campsis grandiflora (Thunb.)

K. Schum.
Canna indica L.
Cannabis sativa L.

Capsicum frutescens L. (= C.

minimum)

Cardiospermum grandiflorum

Swartz

Cardiospermum halicacabum

L. (= C. corindum)
Carica papaya L.
Caryota mitis Loureiro

Caryota urens L.

Catharanthus roseus (L). G.
Don. (= Lochnera rosea)

Ceiba pentandra (L.) Gaertn.

Cereus jamacaru DC.
Cestrum divrnum L.

Chamaedorea elegans (Mart.)

Liebm. ex Oersted
Chenopodium album L.

Chenopodium ambrosioides

Myrtaceae
Bignoniaceae

Cannaceae
Cannabaceae

Solanaceae
Sapindaceae
Sapindaceae

Caricaceae
Arecaceae

Arecaceae

Apocynaceae

Bombacaceae

Cactaceae
Solanaceae

Arecaceae

Chenopodiaceae
Chenopodiaceae

weeping bottlebrush
Chinese trumpet vine

canna/ Indian shot
dagga/ marijuana/
hemp

bird's eye chili/ bird
pepper/ cayenne
balloon vine

heart pea/ lesser
balloon vine
pawpaw/ papaya
clustered fish-tail
palm

common fish-tail
palm

graveyard flower/
Madagascar
periwinkle

kapok tree/ silky
cotton tree

queen of the night
inkberry/ day
jessamine

parlour palm

white goosefoot
wormseed goosefoot

1999
1999

1999
1981

1991

1995

1933

1988
1999

1999

1951

1999

1988
1999

1999

1950
1930

[y

11

Yes

Yes

Yes
No

Yes

Yes

Yes

Yes
Yes

Yes

Yes

Yes

Yes
Yes

Yes

No
No

No
No

Yes
Yes*

Yes

Yes*

Yes*

Yes
No

No

Yes

No

Yes
Yes

No

Yes
Yes



L

Chenopodium polyspermum

L

Chromolaena odorata (L.)
R.M. King & H. Rob.

Chrysanthemum spp.

Cinnamomum camphora (L.)

Siebold

Citharexylum spinosum (= C.

quadrangulare)

Citrus aurantiifolia (Christm.)

Swingle (= Limonia
aurantiifolia)

Citrus limon (L.) Burm.f.
Citrus sinensis (L.) Osbeck (=
C. aurantium var. sinensis)

Clerodendrum sp.

Clerodendrum splendens G.

Don ex James.

Clerodendrum thomsoniae

Balf.
Clitoria ternatea L.

Codiaeum variegatum (L.) Bl

Coffea arabica L.

Colocasia esculenta (L.)

Schott

Commelina benghalensis L.

Chenopodiaceae
Asteraceae

Asteraceae
Lauraceae

Verbenaceae
Rutaceae

Rutaceae
Rutaceae

Verbenaceae
Verbenaceae
Verbenaceae
Papilionaceae
Euphorbiaceae
Rubiaceae

Araceae

Commelinaceae

many-seeded
goosefoot
chromolaena/ triffid
Weed

daisies

camphor tree

fiddlewood

lime

lemon

sweet orange/
Valencia orange/
navel

flaming glory bower
bleeding heart

butterfly pea

gold spot/ croton
Arabian coffee/
coffee tree
elephant's ear/ taro

Bengal wandering
Jew

1949

1997

1999
1999

1999

1978

1988
1952

1999
1999
1999
1951
1999
1999
1999

1953

Ll |

No

No

Yes
Yes

Yes

Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes*

No
No

No

No

No
No

No
Yes
No
Yes
No
No
Yes

Yes



Cordyline fruticosa Goepp. (=
C. terminalis)

Cortaderia selloana
(Schult.) Asch. & Graebn
Costus speciosus (J. Koenig)
Smith

Cryptostegia grandiflora
(Roxb.) R. Brown

Cyathea australis (R. Br.)
Domin.

Cycas circinalis L.

Cycas revoluta Bedd.
Datuyra ferox L.

Datura inoxia Mill.

Datura stramonium L.
Delonix regia (Bojer ex
Hook.) Raf. (= Poinciana
regia)

Dichorisandra thyrsiflora
Mikan f.

Distictis buccinatoria (DC.)
A. Gentry

Dracaena fragrans (L.) Ker.-
Gawl (= D. deremensis)
Dracaena marginata Lam.

Duchesnea indica (Andr.)
Focke

Duranta erecta L. (= D.
repens)

Agavaceae
Poaceae
Zingiberaceae
Asclepiadaceae
Cyatheacecae
Cycadaceae
Cycadaceae
Solanaceae
Solanaceae
Solanaceae
Caesalpiniaceae
Commelinaceae
Bignoniaceae
Dracaenaceae
Dracaenaceae

Rosaceae

Werbenaceae

ti plant
pampas grass
crepe ginger
rubber vine
rough tree fern

queen sago

king sago

large thorn apple
downy thorn apple
common thorn apple
flamboyant

blue ginger

Mexican blood-
trumpet

palmillo/ striped
dracaena

tricolor/ dragon tree/
sanderiana

wild strawberry/ false
strawberry

golden dewdrop/
forget-me-not-tree/

1999
1995
1999
1996
1999
1999
1999
1993
1991
1953
1952
1999
1999
1999
1999
1999

1953

Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
Yes
Yes
Yes
Yes
Yes
Yes

Yes

No
No
Yes
Yes
No
No
No
Yes*
Yes*

Yes*
No

Yes

No

No

No

Yes



Dypsis lutescens (H. Wendl.)
Beentje & Dransf. (=
Chrysalidocarpus lutescens)
Encephalartos ferox Bertol. f.
Epidendrum obrienianum

Rolfe

Epipremnum pinnatum (= E.

aureum)

Eriobotrya japonica (Thunb.)

Lindl.

Erythrina pallida Britton
Eugenia uniflora L.

Euphorbia heterophylla 1.
Euphorbia leucocephala

Lotsy.

Euphorbia pulcherrima Willd.

ex Klotzsch

Flaveria bidentis (L..) Kuntze

Gardenia jasminoides Ellis
Grevillea robusta A. Cunn.

Hamelia chrysantha Jacq.

Hedera helix L.

Hedychium coccineum Sm.
Hedychium coronarium J.

Koenig

Arecaceae
Zamiaceae
Orchidaceae
Araceae
Rosaceae

Papilionaceae
Myrtaceae

Euphorbiaceae
Euphorbiaceae

Euphorbiaceae
Asteraceae

Rubiaceae
Proteaceae

Rubiaceae
Araliaceae
Zingiberaceae
Zingiberaceae

Hedychium gardnerianum Ker Zingiberaceae

pigeon berry
yellow bamboo

palm/butterfly palm

Zululand cycad
scarlet orchid

golden pothos/
marble queen
loquat

pink coral tree
pitanga/ Surinam
cherry

dwarf poinsettia
snow flake

poinsettia
smelter's bush/

yellowtop
Cape jessamine

Australian silky oak/

silver oak

fire bush
English ivy

red ginger lily
butterfly ginger/
white ginger lily
kahili ginger lily

1999

1999

1999

1999

1988

1999
1991

1950
1999

1954

1953

1953
1952

1999
1999
1999
1999

1999

ack

NS N SN

Yes

Yes

Yes

Yes

Yes

Yes
Yes

Yes
Yes

Yes

No

Yes
Yes

Yes
Yes
Yes
Yes

Yes

No
No
No
No
Yes

No
Yes

Yes
Yes

Yes

Yes*

Yes
No

No
Yes
Yes
Yes

Yes



Gawl
Helianthus annuus L.
Heliconia sp.

Hibiscus rosa-sinensis L.

Hibiscus schizopetalus

(Mast.) Hook.

Holmskioldia sanguinea Retz.

Homalocladium platycladum
(F. J. Muell.) L. H. Bailey
Howea belmoreana (T. Moore

& F. Muell.) Becc.

Hoya carnosa (L. f.) R. Br.

Hylocereus undatus (Haw.)

Britt. & Rose

Hymenocallis littoralis (Jacq.)

Salisb.

Hpypoestes phyllostachya

Baker

Impatiens walleriana Hook. {.

Ipomoea alba L.

Ipomoea purpurea (L..) Roth
Ipomoea tricolor Cav.

Iresine herbstii Hook.
Ixora coccinea L.

Jacaranda mimosifolia D.

Don

Asteraceae
Heliconiaceae
Malvaceae
Malvaceae
Verbenaceae
Polygonaceae
Arecaceae
Asclepiadaceae
Cactaceae
Amaryllidaceae
Acanthaceae
Balsaminaceae
Convolvulaceae
Convolvulaceae
Convolvulaceae
Amaranthaceae

Rubiaceae
Bignoniaceae

sunflower

false bird of paradise
Chinese cotton rose/
rose of China

coral hibiscus

Chinese hat plant/
cup-and-saucer-plant
tapeworm plant

belmore sentry palm

wax plant/ Hindu
rope plant
night-blooming
cereus

spider lily

polka dot plant

busy Lizzy
moonflower
morning glory
heavenly blue/ blue
star

blood leaf

flame of the woods
jacaranda

2000
1999
1969
1999
1999
1999
1999
1999
1996
1999
1999
1999
1993
1988
1998
1999

1988
1969

[l 1 =

Boad  faumd

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes
No
No
No
No
No
No
No
Yes
Yes
Yes
Yes
Yes*
Yes
Yes
Yes

Yes
Yes



Jatropha podagrica Hook.

Justicia brandegeana Wassh.

& L.B. Sm.
Kalanchoe beharensis Drake
Lagerstroemia indica L.

Lantana camara L.
Leucaena leucocephala
(Lam.) de Wit

Ligustrum vulgare L.
Liriope muscari (Decne.)
L.H.Bail.

Liriope muscari 'variegata'
(Decne.) L.H.Bail.

Litchi chinensis Sonn.
Livistona chinensis (Jacquin)
R. Brown ex Martius

Luffa aegyptiaca Mill.
Macfadyena unguis-cati (L.)
AH. Gentry

Malvaviscus arboreus var.
mexicanus Schlectend.
Mangifera indica L.
Manihot esculenta Crantz.

Maranta leuconeura
erythroneura E. Morr.
Megaskepasma

Euphorbiaceae
Acanthaceae

Crassulaceae

Lythraceae

Verbenaceae
Mimosaceae

Oleaceae
Convallariaceae

Convallariaceae
Sapindaceae
Arecaceae
Cucurbitaceae
Bignoniaceae

Malvaceae

Anacardiaceae
Euphorbiaceae

Marantaceae

Acanthaceae

buddah belly plant/
gout plant
shrimp plant

velvet leaf
pride-of-India/ crepe
myrtle

lantana

leucaena/ wonder
tree/ giant wattle
common privet

lily turf

variegated blue lily
turf

litchi

Chinese fountain
palm/ Chinese fan
palm

sponge gourd/ loofah
cat's claw creeper

Turk's cap/ fire dart/
wax mallow

mango

bitter cassava/
manioc/ tapioca
ten-commandments

Brazilian red-cloak

1995

1999

1995
1995

1940
1995

1988
1999

1999
1999
1999
1999
1995
1999

1951
1999

1999

1999

(5]

Ll 4

Yes

Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes

Yes

Yes
Yes

Yes

Yes

No

No

Yes
Yes

Yes*
Yes

Yes
No

No
No
Yes

No
Yes

Yes
Yes

No

No
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erythrochlamys Lindau

Melia azedarach L.
Mimosa pigra L.
Mirabilis jalapa L.

Momordica charantia L.

Monstera deliciosa Licbm.

Morus alba L.

Musa X paradisiaca Linnaeus
Mussaenda frondosa L.
Myriophyllum aquaticum

(Vell.) Verde

Nandina domestica Thunb.
Neomarica caerulea (Ker-

Gawl.) Sprague

Nephrolepis exaltata (L.)

Schott
Nerium oleander L.

Nothoscordum gracile (Ait.)

Stearn

Odontonema strictum Kuntze
Opuntia imbricata (Haw.) DC
Opuntia stricta (Haworth.)

Haworth

Pandanus baptistii hort.

Veitch ex Misonne
Pandanus utilis Bory

Parthenium hysterophorus L.

Meliaceae
Mimosaceae
Nyctaginaceae
Cucurbitaceae

Araceae
Moraceae
Musaceae
Rubiaceae

Haloragaceae

Berberidaceae
Iridaceae

Davalliaceae

Apocynaceae
Alliaceae

Acanthaceae
Cactaceae
Cactaceae

Pandanaceae

Pandanaceae
Asteraceae

Persian lilac/seringa
giant sensitive plant
four-o'-clock

bitter cucumber/
bitter melon
delicious monster/
Swiss cheeseplant
white mulberry/
common mulberry
banana/ plantain
flag bush

parrot's feather

heavenly bamboo
blue walking dietes

sword fern/ Boston
fern

oleander
onionweed/ Stearn
slender false garlic
firespike

imbricate prickly pear

sour prickly pear/
Australian pest pear

variegated screw-pine

common screw-pine
parthenium/congress

1948
1999
1953
1999

1999
1995
1999
1999
1989

1999
1999

1999

1988
1959

1999
1996
1953
1999

1999
1991

ok ook b ot

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes

Yes

Yes
Yes
Yes

Yes
No

Yes*

Yes*
Yes
Yes
Yes
Yes
No
No

Yes*

Yes

Yes

Yes*
Yes

No
Yes
Yes*

No

No
Yes*
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Passiflora edulis £. flavicarpa

Degen
Passiflora edulis Sims

Pedilanthus tithymaloides (L.)

Poit.
Pennisetum purpureum
Schumach.

Pennisetum setaceum (Forssk)

Chiov.

Peperomia marmorata
Hook f.

Pereskia aculeata Mill

Persea americana Mill.
Philodendron bipennifolium

Schott

Philodendron bipinnatifidum

(= P. selloum)

Phlebodium aureum L. (=

Polypodium aureum)

Phoenix roebelenii O'Brien

Phytolacca dioica L.

Pilea cadierei Gagnep. &

Guillaum,

Pilea microphylla (L.) Liebm.

Pistia stratiotes L.

Passifloraceae
Passifloraceae
Euphorbiaceae
Poaceae
Poaceae
Piperaceae
Cactaceae

Lauraceae
Araceae

Araceae

Polypodiaceae

Arecaceae

Phytolaccaceae
Urticaceae

Urticaceae
Araceae

weed/ feverfew
guavadilla/ yellow
passion fruit

purple granadilla/
purple passion fruit
jacob's ladder/ devil's
backbone

elephant grass/
Napier grass
fountain grass

silver heart

Barbados gooseberry/
pereskia
avocado
horsehead
philodendron
lacy tree
philodendron
gold-foot fern/
rabbit's foot fern/
blue fern

dwarf date palm/
pygmy date palm
belhambra
aluminium plant

artillery plant
water lettuce

2003

1988

1969

1958

1953

1999

1999

1953
1999

1999

1999

1999

1952
1999

1999
1977

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes

Yes

Yes

Yes
Yes

Yes
Yes

Yes*
Yes
Yes
No
Yes
No

No

No
No

Yes

No

Yes
No

Yes
Yes*
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Plumeria rubra L.
Pontederia cordata L.

Psidium guajava L.
Ptychosperma macarthurii
(H. Wendl.) Nichols
Pyrostegia venusta (Ker-
Gawler) Miers

Ricinus communis L.

Rosa spp.

Roystonea regia (Kunth)
Cook

Sabal palmetto (Walt.) Lodd.
ex JA & JH Schultes
Salvia microphylla Benth.

Sanchezia nobilis Hook f.
Sansevieria trifasciata hort.
ex Prain

Schefflera actinophylla
(Endl.) Harms

Schefflera arboricola Hayata
Senna bicapsularis (L.) Roxb
(= Cassia bicapsularis)
Senna didymobotrya (Fresen.)
Irwin & Barnaby (= Cassia
didymobotrya)

Senna occidentalis L. (=
Cassia occidentalis)

Apocynaceae
Pontederiaceae

Myrtaceae
Arecaceae

Bignoniaceae
Euphorbiaceae
Rosaceae
Arecaceae
Arecaceae

Lamiaceae

Acanthaceae
Agavaceae

Araliaceae
Araliaceae
Caesalpiniaceae

Caesalpiniaceae

Caesalpiniaceae

frangipani
pontederia/ pickerel
weed

guava

hurricane palm/
Macarthur palm
golden shower/ flame
trumpet vine
castor-oil plant
roses

Cuban royal palm

common palmetto/
blue palmetto
cherry sage/ wild
watermelon

noble sanchezia
mother-in-law's
tongue

Australian cabbage
tree/ Queensland
umbrella tree
dwarf umbrella tree
rambling cassia/
butterfly cassia
peanut-butter cassia

coffee senna

1954
1990

1949
1999

1996
1953
1999
1999
1999
1999

1999
1999

1999
1999
1992

1961

1952

| (5 I

Yes
Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes
Yes*

Yes*

No
Yes*
No
No
No
Yes

No
No

Yes

Yes

Yes*

Yes*

Yes*

13


































































































