Chapter 2

The Bottom Line: Impacts of Alien Plant
Invasions in Protected Areas
Llewellyn C. Foxcroft, Petr Pyšek, David M. Richardson, Jan Pergl,
and Philip E. Hulme

Abstract Phrases like “invasive species pose significant threats to biodiversity. . .”
are often used to justify studying and managing biological invasions. Most biologists agree that this is true and quantitative studies support this assertion. Protected
areas are the foundation of conservation initiatives in many parts of the world, and
are an essential component of an integrated approach to conserving biodiversity and
the associated ecosystem services. The invasion of alien plants constitutes a
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substantial and growing threat to the ability of protected areas to provide this
service. A large body of literature describes a range of impacts, but this has not
been assessed within the context of protected areas. We do not aim to review the
state of knowledge of impacts of invasive plants; rather, we collate examples of
work that has been carried out in protected areas to identify important patterns,
trends and generalities. We also discuss the outcomes of various studies that, while
not necessarily undertaken in protected areas, are likely to become important for
protected areas in the future. We discuss the range of impacts under five broad
headings: (i) species and communities; (ii) ecosystem properties; (iii) biogeochemistry and ecosystem dynamics; (iv) ecosystem services; and (v) economic impacts.
Keywords Biogeochemistry • Conservation • Economic impact • Impact
• Management • Nature reserve

2.1

Introduction: Why Are Impacts of Alien Plants
in Protected Areas Especially Concerning?

Phrases like “invasive species pose significant threats to biodiversity. . .” are frequently used to justify the study and management of biological invasions. Most
biologists agree that this is true and quantitative studies support this assertion (see
e.g. Vilà et al. 2011; Pyšek et al. 2012; Simberloff et al. 2013 for recent reviews).
Most ecologists and environmental managers agree that the diversity of life is in
serious decline (Pimm et al. 2001; Pereira et al. 2010; Rudd et al. 2011), with some
indicating that we are witnessing one of the greatest extinction events in our
planet’s history (e.g. Novacek and Cleland 2001). Protected areas (PAs) are part
of an approach to conserve biodiversity and slow its loss (Hansen et al. 2010).
Indeed, in a survey of 93 terrestrial PAs in 22 tropical countries, protected areas
were shown to be effective in halting problems such as land clearing, logging,
hunting, unplanned fires and overgrazing (Bruner et al. 2001); unfortunately
impacts of invasive alien species were not included in the study.
The invasion of alien plants in PAs poses a serious concern for one of the most
pressing conservation initiatives globally. The intensity of research on impacts of
invasive plants varies among regions (Hulme et al. 2013), but there are some
notable cases, for example in Hawaii Volcanoes National Park, where a substantial
body of literature exists (see Loope et al. 2014). In this chapter we do not attempt a
comprehensive review of what is known about the impacts of invasive plants in
general, as many extensive reviews have been carried out on, for example, impacts
of invaders on species, communities and ecosystems (Pyšek et al. 2012), soil
nutrient cycling (Ehrenfeld 2003), mechanisms underlying impacts (Levine
et al. 2003), ecosystem carbon and nitrogen cycling (Liao et al. 2007), hybridisation
(Vilà et al. 2000), competition (Vilà et al. 2004), plant reproductive mutualisms
(Traveset and Richardson 2006) and ecosystem services (Vilà et al. 2010). Rather,
we examine what has been done within PAs, or what is specifically pertinent to
them, due to their unique and essential conservation role.
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Some studies have found that PAs contain fewer invasive species than their
surrounds. A study of 184 PAs globally found about half the number of aliens inside
the parks than outside (Lonsdale 1999). Similarly, across 302 nature reserves
declared between 1838 and 1996 in the Czech Republic, significantly fewer alien
species were found in the reserves (Pyšek et al. 2002). Further, the presence of
intact natural vegetation appears to help slow the establishment of alien plants. A
study examining the role of the boundary as a filter to alien plants in Kruger NP
(South Africa) also showed that in areas where there was more than 90 % natural
vegetation within a 5 km radius of the park, alien plants were significantly less
likely to invade (Foxcroft et al. 2011; Jarošı́k et al. 2011).
Opposite trends are unfortunately frequently reported, for example, showing that
alien plants can invade natural areas that have not experienced anthropogenic
disturbances (e.g. Gros Morne NP in boreal Canada; Rose and Hermanutz 2004).
As early as the 1980s, the SCOPE (Scientific Committee on Problems of the
Environment) programme on biological invasions reported 1,874 alien invasive
vascular plants from 24 case studies of nature reserves globally (Usher 1988;
Macdonald et al. 1989). In southern Africa, only seven out of 307 PA managers
that responded to a survey were of the opinion that no alien species were known to
occur in their reserve (Macdonald 1986). In a 1980 report to Congress in the USA,
300 national park service areas reported 602 perceived threats to natural resources
involving alien plants and animals (see Houston and Schreiner 1995). At around the
same time, at least 115 invasive alien plant species that threaten natural areas, parks
and other protected lands had been identified in Virginia, USA (Heffernan 1998). A
decade later a study reported 20,305 alien plant species infestations, with 3,756
unique alien plants, totalling 7.3 million ha in 218 national parks in the USA (Allen
et al. 2009). A Global Invasive Species Programme report (De Poorter 2007)
identified 487 PAs where invasive alien species were recorded as a threat. More
than 250 wildlife refuges and 145 National Parks in the USA were shown to have
been invaded by invasive alien species (De Poorter 2007). The Nature Conservancy
indicated that of 974 of their projects globally, about 60 % regard invasive alien
plants to be the main threat (2009, unpublished data at http://conpro.tnc.org/
reportThreatCount). In the US national parks, 61 % of 246 park managers indicated
that alien plant invasions were moderate or major concerns (Randall 2011). An
assessment of 110 PAs in South Africa’s Ezemvelo KZN Wildlife conservation
agency found that invasive alien plants represent the greatest threat to biodiversity
in the province of KwaZulu-Natal (Goodman 2003). Based on results of an internet
survey, it has recently been reported that managers of PAs in Europe perceive
invasive species as the second greatest threat to their areas after habitat loss
(Pyšek et al. 2014).
Without doubt, the threat, impact and management problems associated with
alien plant invasions in PAs are increasingly being recognised as a major issue.
Providing science-based evidence of the negative impacts of these invasions is
becoming increasingly important in motivating for resources from frequently
under-resourced conservation budgets. Protected areas face numerous challenges,
including tourism-related issues, wildfire management, poaching and illegal
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harvesting of resources (Barber et al. 2004; Dudley et al. 2005; Alers et al. 2007),
and climate change (Hannah et al. 2002; Huntley et al. 2011). Consequently, alien
species control programmes must compete with these often emotive and charismatic management needs for resources. Managers often require evidence of
potential problems within their area of concern and while localised empirical
investigations can provide this information, collaboration across similar situations
and systems can provide a much broader, synthetic understanding (Kueffer 2012).
Particular kinds of impacts are likely to be of more concern to different PAs than
to other categories of land use, due to the specific objectives of PAs. Although the
core function of many PAs is to conserve native ‘biodiversity’ in as natural a state
as possible, the concept of ‘biodiversity’ is interpreted differently for different
situations (Mayer 2006). Some PAs focus mainly on rare or single species protection, others on conservation of ecological processes, and yet others on landscapes,
habitats or patch dynamics (Nott and Pimm 1997). Depending on the goal of the
PA, where plant invasions threaten the specific entity of concern, different kinds of
management approaches may be adopted. Outside PAs there is growing acceptance
of the concept of ‘novel ecosystems’ which posits, among other things, that some
ecosystems should be managed to ensure the continued delivery of particular
services, irrespective of the composition of species in that system (native
vs. alien) (Hobbs et al. 2006). This philosophy is unlikely to be widely adopted
for PAs soon, except in very special cases, although tenets of the novel ecosystem
philosophy will certainly be more widely discussed in general conservation forums
in the future.

2.2

Impacts of Alien Plant Invasions: Species, Ecosystems,
Processes and Economics

The search for general models for conceptualising and evaluating impacts of
invasive alien species has been underway for many years. Early descriptions were
mostly observational. For example Elton’s widely acclaimed book, Ecology of
invasions by animals and plants (Elton 1958), included many anecdotal observations. The SCOPE programme on nature reserves in the 1980s indicated that all case
studies had examples of presumed effects of invasive species, but that it was
difficult to clearly identify the cause of the observed impact (Usher 1988). Later,
correlative approaches began being employed, comparing pre- and post-invasion
sites, or sites with varying levels of abundance (for example, Parker and Reichard
1998). A generalised model for understanding ecological impacts (Parker
et al. 1999) argued that the net impact of an invasive species should be
conceptualised as the product of the geographic range of the invaders (area
invaded), its abundance (density or biomass) and the per-capita or per-biomass
effect. This model may provide PAs with a usable method for objectively assessing
impacts of different species, especially where the distribution can be accurately
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• Species composition
• Community composition
• Abundance
• Habitat structure
• Rare & threatened species
• Hybridisation

Ecosystem properties
• Fire
• Alternative states

Biogeochemistry
• Nutrient cycling & mineralisation
• Detritus
• System drivers
• pH
• Geomorphology

Ecosystem services
Social - Ecological
• Water: quality, quantity, retention,
floods
• Wood
• Tourism & wilderness
• Other resources

Integrated feedback mechanisms
Drivers and responders across and within groups

Invasive alien plants: ecological & economic impacts

Species & communities

Economic impacts
• Direct economic loss
• Costs of control

Fig. 2.1 Generalised outline of ecological and economic impacts of invasive alien plants in
protected areas (Photos: Llewellyn C. Foxcroft, Navashni Govender (fire), Ezekiel Khoza
(spraying of Parthenium hysterophorus))

mapped and abundance precisely estimated. Describing and quantifying the
per-capita effect remains a challenge (Parker et al. 1999).
To avoid discussing the impacts of invasive plants as simply a list of examples, we
used a general outline which clusters related issues (Fig. 2.1). The broad headings we
use are (i) species and communities; (ii) ecosystem properties; (iii) biogeochemistry
and ecosystem dynamics; (iv) ecosystem services; and (v) economic impacts.
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Species and Communities

Global indicators for IAS under the Convention on Biological Diversity’s 2010
Biodiversity Target show that invasive species are causing a decline in species
diversity of IUCN red-listed amphibians, birds and mammals (McGeoch et al.
2010). In an assessment of impacts on imperilled species in the USA, about 57 % of
1,055 listed plants were threatened by alien species (Wilcove and Chen 1998).
Although a number of such generalised lists indicate the threat from alien
plant invasions to native species (e.g. Mauchamp 1997; Pimentel et al. 2000), there
is still a shortage of quantitative data. Such information is particularly crucial for
advising policy makers, as the value of conservation is currently predominantly
measured by its ability to protect species richness (a common interpretation of
‘biodiversity’, Mayer 2006).
A review of about 150 studies provided a synthetic understanding of general
mechanisms underlying the impacts on plant and animal community structure,
nutrient cycling, hydrology and fire regimes (Levine et al. 2003). These authors
found that many studies examined the impacts of invasions on plant diversity and
composition, but fewer than 5 % test whether these effects arise through competition, allelopathy, alteration of ecosystem variables or other processes. Nonetheless,
competition was often hypothesised as a primary mechanism, and in nearly all
studies alien plants exhibited strong competitive effects over native species. In
contrast to studies of the impacts on plant community structure and higher trophic
levels, research examining impacts on nitrogen cycling, hydrology and fire regimes
is generally highly mechanistic, often driven by species-specific traits.
An early study that sought to quantify the impacts of alien plants in PAs was in
Theodore Roosevelt Island Nature Preserve in Washington, DC, USA. Here two
species of invasive vines were shown to inhibit the recruitment of native forest
species (Thomas 1980). Lonicera japonica (Japanese honeysuckle) inhibited the
reproduction of dominant forest trees such as Liriodendron tulipifera (tulip poplar),
Prunus serotina (wild black cherry) and Ulmus americana (American elm). Hedera
helix (English ivy) mainly inhibited the recruitment of herbaceous species. The
smaller plants were suppressed, and even established forest trees were eventually
killed through shading (Thomas 1980). Alien vine species may have advantages
due to altered phenologies (e.g. evergreen vs. deciduous) and can often invade low
light habitats (Gordon 1998). In this way, species with different life-forms can
cause patches of native plants to collapse and be completely replaced, thereby
altering, for example, community or species structure and light regimes (Gordon
1998). Floating species, such as Eichhornia crassipes (water hyacinth), native to
north-western Argentina, can invade the total surface area of a waterway,
completely preventing any light penetration (Ashton and Mitchell 1989).
Eichhornia crassipes is one of the world’s worst aquatic invaders, and has been
reported to have invaded PAs in Asia, Australia, New Zealand, Africa, and the USA
(De Poorter 2007).
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Biodiversity indicators, frequently using spiders or beetles, provide information
on the presence of a set of other species in an area (McGeoch 1998) and are
increasingly being used as proxies for quantifying impacts. In Hluhluwe-iMfolozi
Game Reserve (South Africa), Chromolaena odorata (Siam weed) invasion altered
native spider assemblages, with negative changes in abundance, diversity and
estimated species richness. These changes were, however, reversed immediately
following clearing (Mgobozi et al. 2008). In a similar study in Kruger NP, an
assessment of the impact of Opuntia stricta (sour prickly pear) found that across a
gradient of its density, species richness and species density for beetles and spiders
did not change significantly (Robertson et al. 2011). Assemblages for spiders also
did not differ across treatments, but beetle assemblages were significantly different.
In South African National Parks as a whole, 663 alien plant species (813 alien
species in total) have been recorded (Spear et al. 2011), but other than a few isolated
projects, to date little work has been done on quantifying their impacts.
Impacts of invasive plants, primarily C. odorata, have also been reported on
small and large mammals in Hluhluwe-iMfolozi GR (Dumalisile 2008). Small
mammals showed both higher species richness and diversity in uninvaded sites
compared to invaded sites, regardless of C. odorata density. Large mammals also
decreased in richness and diversity as C. odorata invasion density increased.
Invasive alien plants can also, perhaps unexpectedly, even threaten megaherbivores. For example, Kaziranga NP in India is a vital habitat for the world’s
largest population of the great one-horned rhinoceros (Rhinoceros unicornis). The
rhino is dependent on grasslands, which have been invaded by Mimosa rubicaulis
(Himalayan mimosa), M. diplotricha (giant sensitive plant) and Mikania micrantha
(mile-a-minute weed), hampering the growth of native palatable grasses (Lahkar
et al. 2011). In Kenya, Lantana camara (lantana) invasions reportedly impact on the
habitat of Sable antelope (Hippotragus niger; Steinfeld et al. 2006). Nile crocodile
(Crocodylus niloticus) nesting habitat and sex ratios may be altered by invasions of
C. odorata in KwaZulu-Natal, South Africa, due to shading and cooling of nesting
sites by 5.0–6.0  C. This can result in a female-biased sex ratio, with potentially
adverse consequences for the population (Leslie and Spotila 2001). The wetlands of
Kakadu NP in Australia, a world heritage and Ramsar site, are renowned for their
high diversity and numbers of water birds, and are under threat from Mimosa pigra
(sensitive plant) and Urochloa mutica (para grass; Setterfield et al. 2014).
By 2000, alien plants had invaded approximately 700,000 ha of US wildlife
habitat per year (Babbitt 1998, as cited in Pimentel et al. 2000). In Great Smoky
Mountains NP (USA) for example, 400 of the approximately 1,500 vascular plant
species are alien, and 10 of these are currently displacing and threatening native
plant species (Hiebert and Stubbendieck 1993). Overall, Hawaii is estimated to
have lost about 8 % of its native plant species, with an additional 29 % still at risk
(Loope 2004; Fig. 2.2).
Invasive plants can also contribute to an increased abundance of other invasive
species, thus facilitating ‘invasional meltdown’ (sensu Simberloff and Von Holle
1999). In Hawaii Volcanoes NP, the widespread Morella (¼ Myrica) faya (faya tree)
significantly increases the abundance of the alien insect Sophonia rufofascia (a leaf
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Fig. 2.2 Sectional structure of Psidium cattleianum invasion in Hawaiian lowland rainforest
(a) with closed canopy of P. cattleianum within the forest (b) uninvaded forest (c) aerial view
of P. cattleianum invasion (Figures: Gregory Asner, Carnegie Airborne Observatory, Carnegie
Institution for Science)

phloem-feeding insect of Asian origin). In areas where M. faya is present the
abundance of S. rufofascia was up to 19 times more abundant than in areas where
M. faya had been removed (Lenz and Taylor 2001). This is of substantial concern as
the diversity of host plants fed upon by S. rufofascia is extremely broad,
encompassing over 300 species from 87 different families. Among these, 67 species
are endemic or native to Hawaii, and 14 are either endangered or candidates for
listing (Lenz and Taylor 2001).
The loss of genetic purity of a species is an important concern, especially for
those rare and or threatened species which may face extinction, and have been
given sanctuary in PAs. The hybridisation between alien and native species can lead
to genetic swamping and loss of native species’ genetic diversity. These risks are
increased when a rare species hybridises with an abundant species, producing
fertile offspring that can back-cross (introgress; Rhymer and Simberloff 1996).
Invasive species may swamp native species through hybridisation. For example, the
native species Hyacinthoides non-scripta (bluebell), an iconic species in the British
Isles, is being threatened by its conger H. hispanica and its hybrid with the
native Hyacinthoides  massartiana. Both the introduced and hybrid species are
naturalised, and are frequently found within 1 km of H. non-scripta (Kohn
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et al. 2009). Thus conservation programmes should strive to isolate rare species
from cross-compatible congeners (Mooney and Cleland 2001).
Invasions can substantially influence plant reproductive mutualisms, while
potentially disrupting mutualistic processes in invaded regions (Traveset and Richardson 2011). Good evidence exists for such impacts on pollination and reproductive success of native species (Traveset and Richardson 2011). For example,
invasive plants that are highly attractive to pollinators can reduce overall visitation
of native species (Morales and Traveset 2009; Gibson et al. 2012). These interactions can have consequences for whole communities due to the effects cascading
through the network (Traveset and Richardson 2011). Such effects in PAs could be
profound, by impacting directly on the biodiversity conservation objectives of
the area.
Plant invasions have, to date, caused relatively few plant species to go extinct
(Gurevitch and Padilla 2004; Sax and Gaines 2008). One reason for this is that,
unlike the case with animal extinctions, plant extinctions can take decades or even
centuries to play out (Gilbert and Levine 2013). However, plant invasions have led
to the fragmentation of native plant communities worldwide, many of which
currently survive as the ‘living dead’ (sensu Parker et al 1999, p. 12). This may
be due to the persistence of native species in marginal habitats which, although still
present, are reduced in abundance and distribution (Gilbert and Levine 2013). For
example, serpentine soil landscapes in California include numerous rare and threatened plant species of high conservation concern. Invasions by European grasses
impact on the area and quality of native species habitat, and may cause extinction
hundreds of years after fully transforming the habitat (Gilbert and Levine 2013).
Consequently, equating impact with numbers of absolute extinctions is misleading
and inappropriate. Native species may still persist within an invaded area, but often
be compromised or marginalised to such an extent that they no longer perform
(to the same level, or at all) the functional roles they performed before they were
affected by the invasive species (Wardle et al. 2011). Such changes are pervasive in
ecosystems worldwide, and invasive plant species are increasingly prominent
‘builders and shapers’ of novel ecosystems in many regions (Richardson and
Gaertner 2013). The examples discussed in this chapter show that invasive plant
species very often drive ecosystems beyond thresholds at which ecological states
are irreversibly altered. Such modified systems can sometimes be managed to
deliver desired services, but such conditions are unacceptable in many PAs where
the aim in to conserve species, community, structural and functional diversity.

2.2.2

Ecosystem Properties: Changes in Fire Regime

Ecosystems are the product of interactions between climatic conditions, resource
availability and disturbance, of which the functional diversity of species is a major
driver (Hooper et al. 2005). Biological invasions, often in concert with other global
change drivers, have been shown in many cases to alter species diversity and
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community structure, thus having profound cascading effects on ecosystem functioning (Strayer 2012). The alternative states resulting from the relationship
between invasive plants and fire, or the shading or smothering effect of vines and
other species, are of some of the concerns facing PA managers, due in part to the
irreversibility of such system changes.
Fire management has received substantial attention in PAs in many regions. This
is because fire is a key driver of vegetation heterogeneity and patchiness in many
systems, changing the structure, and relationships between trees and grasses (Bond
et al. 2005), and acting as the primary diver of multiple ecosystem functions (Cole
and Landres 1996; van Wilgen et al. 2003). Fire management has also attracted
much attention because fire poses a hazard to infrastructure and human safety in
PAs (e.g. Loehle 2004). Species, communities and even whole biomes have
evolved with a particular tolerance to fire, including frequency, intensity, timing
and vertical position (crown vs. ground). While the changing role of humans has
received considerable attention in explaining and attempting to manage fire regimes
generally (van Wilgen et al. 2003), increasing awareness is being given to changes
in fire regimes, and consequently changes in ecosystem function, due to the
widespread invasions of alien plants in many PAs.
Changes in fire regimes and ecosystem function due to invasions by alien plants
have been documented from a range of habitats. One of the most frequently cited
examples is related to the disruption of the grass-fire cycle (D’Antonio and Vitousek
1992). Invasive plants can increase vegetation flammability in areas where native
species are poorly adapted and unable to cope in the presence of fire. In Hawaii
Volcanoes NP at least one endangered plant and many of the dominant, poorly
adapted, native species have been eliminated by fire (Hughes et al. 1991; D’Antonio
and Vitousek 1992; Loope 2011). An increase in biomass of fine fuels can significantly increase the intensity or frequency of fires, or both. Introduced grasses that are
fire adapted, or evolved in the presence of fire, are able to recover quickly after being
burned, creating a positive feedback cycle that favours further invasion (D’Antonio
and Vitousek 1992). In the Wildman Reserve in northern Australia, invasion of
Andropogon gayanus (gamba grass) increased fuels loads by up to seven times, and
increased fire intensity by up to eight times compared to areas with native grasses
(Rossiter et al. 2003). Further, A. gayanus was shown to inhibit soil nitrification,
thereby depleting total soil nitrogen from the already nitrogen-poor soils and promote
fire mediated nitrogen loss (Rossiter-Rachor et al. 2009). Combined with the altered
fire regime, it then forms self-perpetuating positive feedback loops (Rossiter-Rachor
et al. 2009). In Kakadu NP, while Urochloa mutica produces dry season fuel loads
similar to the native Hymenachne acutigluma (olive hymenchne), the fuel is drier and
taller, increasing the fire intensity. Higher fire intensity and frequency may facilitate
the displacement of H. acutigluma, which is fire sensitive, and damage other firesensitive woody vegetation (Setterfield et al. 2014).
In Mesa Verde NP (USA), successional pathways were altered following high
intensity fires, with woodland-dominated systems being replaced by herbaceous
species (Floyd-Hanna et al. 1993). Significant changes have been experienced in
Dinosaur NP and Snake River Birds of Prey NP (USA), which have been invaded
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Fig. 2.3 Acacia paradoxa thickets in Table Mountain National Park (Photo Rafael D. Zenni)

by Bromus tectorum (cheatgrass). The fire frequency has been changed from one in
60–100 year, to three in 3–5 year return cycles, converting native shrublands to
alien dominated grasslands (Randall 2011). In the Florida Everglades, marshlands
with sedges, grasses and herbs have been replaced by Melaleuca quinquenervia
(Australian paper bark), creating large stands of swamp forests with little or no
herbaceous understory. Moreover, M. quinquenervia promotes crown fires, whereas
the native plants have evolved with higher frequency, low intensity surface fires
(Randall 2011). Another invasive plant that has caused major changes to the fire
regime in the Everglades is Lygodium microphyllum (Old World climbing fern), a
vine-like fern that climbs on trees and shrubs, forming mats that cause canopy trees
to collapse. Fires that would normally stop at the edge of native cypress sloughs,
travel up the ‘fire ladders’ provided by dry fronds of L. microphyllum to kill tree
canopies (Schmitz et al. 1997).
Should fire regimes be changed significantly, species may become globally,
locally or functionally extinct in a PA. In Table Mountain NP in South Africa’s
fynbos region, fire plays a key role in the maintenance of ecosystems, and native
plants are adapted to the fire regime (Forsyth and van Wilgen 2008). However, the
most common invasive species in the park, a suite of Australian Acacia (Fig. 2.3)
and Hakea species, are also fire adapted, and their ability to produce large numbers
of seeds facilitates their prolific spread after fires (van Wilgen et al. 2012). These
trees and shrubs increase biomass and add to fuel loads, leading to increased fire
intensity and erosion (van Wilgen and Scott 2001). Due to uncontrolled fires
combined with the effects of plant invasions, 13 endemic plant species are known
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to have gone extinct since European colonization, with many more facing imminent
extinction (Trinder-Smith et al. 1996).
Where invasive plants provide positive feedback systems to enhance habitat
invasibility by altering, for example, nutrient cycling and fire frequency and intensity
(Rossiter et al. 2003), alternative ecosystem states may emerge (Richardson and
Gaertner 2013). The ability of an ecosystem to recover from such states or severe
degradation depends on the extent of change to functional and structural properties
(Brooks et al. 2010). The degree to which invasion and degradation change the biotic
and abiotic threshold determines the level of intervention required to return the system
to a state allowing natural regenerative process to function (Brooks et al. 2010).
Whether active or passive restoration is necessary may depend on the nature of
these legacy effects (Larios and Suding 2014). In PAs specifically, preventing degradation to the point where alternative states emerge, should be a high priority, not only
to prevent compromising the area integrity, but also to allow the resilience of the
system to recover following control (Jäger and Kowarik 2010). This is also important
due the substantial costs likely to be associated with resource demanding active
restoration programmes (in addition to costs for removal of the invader only).

2.2.3

Biogeochemistry and Ecosystem Dynamics

The ecosystem-level energy budget and biogeochemical cycling involve complex
interactions of many facets at multiple spatial scales. These very interactions
provide the ecosystem services on which humans depend for their existence
(Sekercioglu 2010). Invasive alien plants are implicated in driving substantial
changes to biogeochemical cycling and ecosystem dynamics (Ehrenfeld 2011), by
altering components of the soil carbon, nitrogen, water and other ecosystem cycles
(Ehrenfeld 2003). Invasive plant species have been shown to increase biomass, net
primary productivity and nitrogen availability in many areas. Nitrogen fixation
rates are altered and litter with higher decomposition rates than that of
co-occurring native species is produced (Ehrenfeld 2003). However, the trends
are not always clear. In a review of 56 invasive plants, variations across sites, and
even opposite trends, were found (Ehrenfeld 2003; see also Hulme et al. 2013).
While this work can be generalised across some PAs in similar settings, it appears
that less work has been done on investigating the effects in PAs. Examining sitespecific cases not only contributes to a general understanding of invasion, but can
provide detailed onsite information on the ecological integrity of a PA.
For example, in Hawaii Volcanoes NP, nitrogen-fixing species (Morella faya and
M. cereifera) significantly increase soil nitrogen availability, by up to 400 %
(Vitousek et al. 1987). These changes resulted in altered plant succession trajectories,
promoted increases in populations of alien earthworms, which in turn increased
nitrogen burial rates, thereby further changing soil nutrient cycles (Randall 2011).
In contrast, in northern Australia A. gayanus inhibits soil nitrification, thereby
depleting total soil nitrogen from the already nitrogen-poor soils (Rossiter-Rachor
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et al. 2009). In Picayune Strand State Forest in Florida, Melaleuca quinquenervia
significantly altered both above- and belowground ecosystem components (Martin
et al. 2009). However, the detectability of impacts on the changes in ecosystem
dynamics remains difficult. By the time these changes have increased to the level
where they can be quantified, severe impacts are likely to have already occurred (Vilà
et al. 2011), especially on plant species and communities. This will require a detailed,
long-term monitoring programme to detect changes and determine trends.

2.2.4

Ecosystem Services

Ecosystem services are the benefits or the range of ecosystem functions, on which
human livelihoods and wellbeing depend (Millennium Ecosystem Assessment
2005; Sekercioglu 2010). The impacts of invasive alien plants on ecosystem
services is gaining much interest (Charles and Dukes 2007), and increasing efforts
are being made to understand which ecosystem processes are being disrupted or
altered by biological invasions.
The Millennium Ecosystem Assessment (2005) classified a number of potential
services in four broad classes, including provisioning, regulating, supporting and
cultural services. In brief, provisioning services are those tangible products obtained
from ecosystems, including food, freshwater, fibre, fuel and genetic resources. Regulating services relate to the governing functions of ecosystems in order to provide
other kinds of resources, such as water regulation (timing and extent of flooding,
runoff, and others), water purification and waste treatment. Cultural services are
non-material benefits, including spiritual or religious values, cultural heritage, recreation/tourism, aesthetic values, and wilderness or values of a sense of place
(Mulongoy and Chape 2004). Supporting services are required for the continued
maintenance of globally encompassing functions, which include photosynthesis,
primary production, nutrient cycling, water cycling and soil formation. While interactions are multi-faceted and complex, the ecosystem services are delivered by
different taxa or trophic levels (e.g. from soil micro-organisms, to vegetation, mammals, or whole communities) and can be assessed in a range of functional groups
(e.g. populations, ecosystems, species, ecosystems; Sekercioglu 2010).
Protected areas, besides their roles in conserving individual species and their
habitats, can be important for maintaining ecosystem function. These functions
underlie much of the ability of ecosystems to provide services. For example, where
whole or large portions of water catchment areas can be protected from invasions or
managed when invaded, the lower impacts on overall ecosystem cycles will allow
for improved delivery of water-related services. The Sabie-Sand river is one of the
healthiest rivers in the Kruger NP. However, by 2002 about 23 % of the upper
catchment had been invaded to some degree, corresponding to a loss of about 9.4 %
of the rivers natural flow (Le Maitre et al. 2002).
There are a growing number of cases where the importance of PAs in providing
and maintaining ecosystems services have been realised. Baekdudaegan Mountains
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Reserve, a unique forest protected area in Korea, explicitly aims to protect whole
mountain ranges to maintain linkages, conserve biodiversity, sustain ecosystem
services, and restore cultures and cultural values (IUCN 2009). Conservation planning
frameworks are also beginning to be used to explore opportunities for aligning
conservation goals for biodiversity with ecosystem services (Chan et al. 2006; Naidoo
and Ricketts 2006).

2.2.5

Economic Impacts

Economic impacts are a crucial consideration in research on invasive alien species
in general, and have been subject to intensive research in the last decade (e.g.
Kasulo 2000; Pimentel et al. 2000; van Wilgen et al. 2008; Vilà et al. 2010).
General studies on economic impacts by invasive alien species should provide
compelling evidence for PA agencies as to the costs associated with inaction, and
thus loss from resources as a result of invasion, and the costs associated with
control, management or eradication. However, little work has been done on the
economic costs of plant invasions in PAs specifically. This is probably because the
situation in PAs is very different from other areas when it comes to economics.
Because of the primary objective of PAs, which is most often to conserve biodiversity, standard economic models relating to production are often inappropriate.
For the above reason, economic assessments of plant invasions specifically related
to PAs are scarce. However, some data are available from Europe. For example, the
Czech regional offices for nature conservation of protected landscape areas spent
about 1.8 million CZK (~US$100,000) per year on the management and eradication
of the most important invasive plant species (Linc 2012; Fig. 2.4). Removal and
management costs of Prunus serotina in conservation areas in Germany are estimated
to be € 149 million (Reinhardt et al. 2003). The costs of controlling Rhododendron
ponticum (rhododendron) invasion in the Snowdonia NP, Wales, was estimated to be
£45 million (as at 2002; Gritten 1995; Pyšek et al. 2014).
In Kruger NP, between 1997 and 2011 the Working for Water programme spent
about ZAR90 million (~US$10.7 million, as at September 2012) on control efforts.
In 2008 the control of alien plants within Table Mountain NP cost approximately
ZAR9 million (~US$1.08 million in 2008), with a focus of species of Acacia,
Hakea and Pinus (Table Mountain National Park 2008). For the 2012–2013 financial year, the budgeted costs are approximately ZAR14 million (Table Mountain
National Park US$1.7 million in September 2012; Foxcroft et al. 2014).
A potentially significant problem, and one in dire need of detailed assessments,
is the relationship between tourism and PAs. Protected areas rely, to varying
extents, on the revenue provided by (eco-)tourism for their long-term sustainability.
Eco-tourism and PA visitation generates a significant proportion of the economic
income of many countries (Eagles et al. 2002). Understandably, the development of
infrastructure for tourism in PAs is being strongly promoted. However, two challenges arise; (i) invasive alien plants can impact on tourism experiences in various
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Fig. 2.4 (a) Impatiens glandulifera (Himalayan balsam) is an annual plant native to Asia,
currently invasive in many protected areas in Europe (see Pyšek et al. 2014). Introduced as a
garden ornamental and still frequently planted, it spreads into semi-natural plant communities
along water courses (Photo Jan Pergl), and (b) one of the top ten invasive plant species in European
protected areas (see Pyšek et al. 2014), the hybrid taxon Fallopia  bohemica is a noxious invader
in riparian habitats where it forms extensive continuous populations extending over large sections
of river shores and outcompetes native flora (Photo Jan Pergl)

ways, and (ii) increased tourism increases the likelihood of new introductions
into PAs.

2.3

Integration and Challenges

The disparity between the needs and focus of PA managers and scientists and the
complexity of managing multiple drivers of invasions are key challenges for the
management of invasive alien plants in PAs.
Scientific research on biological invasions has grown exponentially over the last
decade, but the relevance of much of the research for solving the immediate
problems of policy makers and managers has been questioned (e.g. Esler
et al. 2010). In Spain, for example, an assessment of environmental managers
revealed the concern that not enough attention was being paid to developing costefficient management approaches (Andreu et al. 2009).
With the limited resources available, managers of PAs need to prioritise all types
of activities that are required, including the prioritisation of various control options
across many invasive taxa and invaded areas (Pyšek et al. 2014). This includes taxa
with many types of impacts on different attributes of biodiversity. Invasive alien
plants can also be passengers, or secondary factors that take advantage of habitat
change. For example, in the Haleakala and Hawaii Volcanoes NPs feral pigs are
recognised as a keystone introduced species, as they are the single major factor
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contributing to the spread of many introduced plants. They not only create open
habitats through digging, but also transport propagules in their hair and faeces
(Stone and Loope 1987). In a similar case in Pasoh Forest Reserve, an undisturbed
tropical forest on the Malaysian peninsular, Clidemia hirta (Koster’s curse), which
was considered unlikely to invade and alter forest regeneration, utilised patches
where light was made available and soil disturbed by wild pigs, for establishment
(Peters 2001). In Forty Mile Scrub NP, Australia, about 73 % of the dry rainforest
and woodland savanna have been invaded with Lantana camara, with up to 5,000
individuals/ha being recorded (Fensham et al. 1994). It appears that root digging by
pigs causes tree deaths, thereby allowing light penetration, which favours
L. camara. The high level of invasion also causes substantially increased fuel
loads and fires have killed canopy trees across a large area of the dry rainforest.
In Gros Morne NP (Canada) moose (Alces alces), a non-native herbivore, appears
to be the primary dispersal agents of alien plants, dispersing propagules and
creating or prolonging disturbance by trampling (Rose and Hermanutz 2004).
The interaction of climate change and invasive alien plants is also becoming
more concerning (see Dukes 2011 for a comprehensive review). One such concern
is that the invasibility of habitats is likely to be increased. With the adaptability of
introduced species to a wider range of climatic conditions, and the ability to rapidly
exploit these changes, this may lead to an increase in distribution and abundance of
invasive plants (Dukes 2011). There are a number of implications for PAs, with
some suggesting that the impact may be greater in PAs than the broader landscape
as the composition of species changes and vegetation types shift (e.g. Hannah
et al. 2007; Gaston et al. 2008). While scientific models provide general recommendations, managers face the threats directly and are forced to develop and
implement practical strategies, and thus need to be involved as collaborators in
designing climate-change integrated conservation strategies (Hannah et al. 2002).
One of the approaches recommend to enhance landscape connectivity between PAs
against climate-change induced landscape and habitat shifts is implementing buffer
zones around PAs, especially where conservation and compatible options are
available (Hannah et al. 2002). However, many PAs already occur within a mosaic
of highly transformed or disturbed landscapes, and heavily impacted areas can, for
example, cause forest margins to retreat (Gascon et al. 2000), facilitating further
invasions.

2.4

Conclusions

The range and severity of impacts of invasive plants in PAs is, in many areas, only
starting to be realised. Examples of well documented impacts come from a few
PAs, many of which are mentioned in this chapter. The extent of impacts are well
documented for some of the best-studied PAs (e.g. Everglades NP and Hawaii
Volcanoes NP, USA; Kakadu NP, Australia; Table Mountain NP, South Africa);
these offer dire warnings that many types of invasive plants can cause many types
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of dramatic impacts. There is growing evidence that many other types of impacts
are increasing in severity and extent in many other PAs; these include impacts that
are driving the displacement of wildlife and changes to fire regimes, which undermine the justification for the existence of the PAs. More subtle effects of altered
nutrient cycles and pollination and seed-dispersal networks are emerging more
slowly, but will most likely result in significant and irreversible impacts.
Protected areas exclude different factors, to varying levels, extents and scales;
this facilitates the examination of specific issues without the confounding effects
that many factors associated with human dominated ecosystems typically bring to
ecological studies. In the SCOPE programme (Usher et al. 1988) nature reserves
were considered as useful outdoor laboratories where artificial impacts are
minimised, and this is now even more important in a rapidly transforming world.
While commendable efforts are being made to quantify the impacts in some PAs,
improved knowledge transfer could certainly facilitate better uptake in management agendas worldwide. If PAs are to fulfil their role in the global conservation
arena it is important that the mechanisms by which alien plant invasions degrade
system attributes are understood, to enable appropriate response.
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In: Foxcroft LC, Pyšek P, Richardson DM, Genovesi P (eds) Plant invasions in protected areas:
patterns, problems and challenges. Springer, Dordrecht, pp 117–143
Gascon C, Williamson GB, Da Fonseca GAB (2000) Receding forest edges and vanishing
reserves. Science 288:1356–1358
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