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Abstract  
Changes to vegetation communities in parks and protected areas may result from the 
development of transportation and recreational infrastructure.  These impacts, combined with 
natural disturbances such as fire, insect outbreaks, flooding and wind, may allow either rare 
native or exotic non-native vegetation to proliferate.   The disturbance of dominant vegetation 
cover can create atypical ecological conditions suitable for the growth of vegetation species with 
specific habitat requirements, making these species spatially or temporally rare on the 
landscape.  Many exotic species have also evolved to take advantage of these conditions, 
sometimes resulting in the exclusion or loss of native vegetation species.  Disturbance of native 
vegetation cover can therefore create conditions suitable for the growth of rare native and/or 
exotic invasive vegetation species.  These paradoxical ecological processes represent 
significant challenges to the conservation of vegetation species diversity in parks and protected 
areas.  Long-term management strategies will need to find a balance that allows for the 
continued propagation of rare plant species while simultaneously minimizing the intrusion of 
exotic invasive species.  Further research and understanding of how different disturbances 
affect the life histories of rare and exotic vegetation species is required to develop effective 
management practices.  
  
Natural Disturbance  
Natural disturbance events are recognized as having a significant influence on natural 
vegetation communities.  These disturbance events may be caused by climate, fire, wind, 
flooding, avalanches, wildlife, insects and pathogens with scales, frequencies and intensities 
that are spatially variable and dynamic (Turner et al. 2003).  The consequences of these 
disturbances are as variable as the ecosystems in which they occur.  In the mountain parks of 
western Canada, for example, fires are historical events that created a mosaic of vegetation 
community types at different elevational gradients.  More frequent and intense fires in the 
valleys and montane habitats typically remove many tree and shrub species allowing for 
herbaceous species to propagate.   Less frequent and less intense fire events in the subalpine 
and alpine habitats, combined with harsh climate and growing conditions (in the order of 
hundreds of years), have allowed unique vegetation species to establish in these areas.  
Historical grazing by bison, and more recently by other ungulates such as elk and deer, 
effectively maintain grassland and savanna communities by preventing shrubs and tree species 
from out-competing herbaceous species.  Insect invasions, such as the mountain pine beetle, 
and spring flooding events provide other disturbance vectors that change native plant 
communities and create opportunities for other native species, including rare and exotic species.    
  
Disturbance within natural communities is an important factor in maintaining biological diversity 
(Stachowicz and Tilman 1995).  The creation of niche habitats and establishment of new nutrient 
and moisture regimes creates opportunities for a range of species that would otherwise be 
excluded, such as rare plant species.  One of the goals of parks and protected areas, is the 
maintenance of natural functioning ecosystems, which includes the maintenance of natural 
disturbance.  The suppression of natural disturbances such as fire is linked with the loss of 
native plants in grassland and mountain communities (Leach and Givnish 1996; Wiegmann and 
Waller 2006).  Although the response of individual species to natural fire events is variable 
(Elzinga et al. 1998), fire is generally believed to have a positive influence on native species 
(Ruffner and Groninger 2006; Duncan et al 2008).  In Banff National Park, for example, 
prescribed burns are used to mimic historical fire patterns, opening closed canopy forest to a 
diversity of herbaceous species.  When natural disturbances are managed to achieve an 



ecological objective, a disturbance regime that is generally similar to historical frequencies and 
patterns generates the greatest diversity of native species (Hobbs and Huenneke 1992).     
  
Human Disturbance  
With the beginning of European settlement in the mid-nineteenth century, historical natural 
disturbance regimes in western Canada have been altered by a range of anthropogenic induced 
disturbances.   Bison herds were extirpated from the prairie and parkland communities and 
replaced by domestic grazing and agricultural.  Fire suppression was implemented as a strategy 
to protect natural resources.  Resource development and recreation have further introduced vast 
networks of roads and trails into natural areas.  One of the enduring changes to natural 
communities associated with these human disturbances was the introduction of exotic 
vegetation species, some of which are highly invasive.  Corridors, for example, have facilitated 
the movement of exotic species into native communities via long-distance transmission into 
remote areas (Trombulak and Frissell 2000).  Even prescribed burns have been linked with 
some exotic species invasions.  Prescribed burns used to open forest communities by 
temporarily removing native species can result in the rapid colonization of these areas by 
invasive species (Hulme 2006), though largely as a result of invasive seeds banked in the soil.  
Fire re-introduced into a system already disturbed by exotic invasive species can allow invasive 
species to persist by altering the balance between native and exotic species (Keeley 2006).  
Alterations of natural disturbance regimes have resulted in alterations to natural ecosystems, 
which have allowed invasive exotic species to become significant problems in various 
ecosystems (Mack and D’Antonio 1998).  
Other disturbances such as the expansion of roads, back-country trails, ski-slopes and urban 
areas are other forms of disturbance that can provide habitat for rare species.  The exposed 
slopes of both Lake Louise and Marmot Basin resorts support a range of rare plant species, 
typifying open-subalpine conditions.  The disturbance of soils during infrastructure development 
has contributed to the creation of micro-habitats suitable for rare plants such as Parnassia 
parviflora, Festuca minutiflora and Aquilegia formosa at Marmot Basin (Golder 2006).  These 
rare species, generally found in open subalpine areas, were not observed growing in adjacent 
mature spruce and fir-dominated forests.  In this area, prolonged anthropogenic activity 
maintains habitat suitable for growth of rare plant species.  Other studies also indicate that in the 
absence of natural disturbance, human disturbances are the primary vectors of rare plant 
propagation (Clarke and Patterson 2006; Neill 2007).      
  
Disturbance and Exotic Invasive Species     
Disturbance to a natural community whether by anthropogenic or natural causes may also be 
the progenitor of invasion by exotic species.  The scientific literature suggests that invasive 
species are a significant threat to the biological diversity of natural ecological communities 
(Vitousek et al. 1996, Stohlgren et al. 1999, Neill 2007, Kapuska and Linder 2007).  Presently, 
there are greater than 150 known exotic species in protected areas within Alberta.  Many of 
these species have life history traits that may allow them to become invasive; however a general 
lack of information concerning these species makes it difficult to predict which species will 
ultimately become invasive.  Invasive species are typically graminoids and/or abiotic pollinators, 
and adapted to take advantage of disturbed environments (Wiegmann and Waller 2006).  
Indeed, disturbance has been identified in many studies as an important factor in the rate of 
exotic species establishment (Hobbs and Huenneke 1992; Vujnovic 1998; Vujnovic et al. 2002).  
In a review of 133 articles documenting exotic species, Lozun and MacIssac (1997) reported 
that 86% of non-native species that became established were dependent on disturbance. Once 
they become established, they can be both good colonizers and remain persistent as a result of 
extensive seed banks and alteration to the physical environment an/or soil chemistry (D’Antonio 
and Meyerson 2002).  More intense disturbances may further allow for the establishment of a 



greater diversity of exotic species in a given area.  Invasives have been consistently shown to 
do well when resource availability and physical disturbance are elevated (Ditomaso 2000; 
Daehler 2003).  
  
Native Communities and Invasive Exotic Species   
Change caused by disturbance is a fundamental component of ecological systems and both 
natural and human-caused disturbances have a positive effect on native and exotic plant 
species.  Managing disturbance therefore requires strategies that promote and maintain natural 
biodiversity while simultaneously preventing and controlling the spread of invasive exotic 
species.   Some studies suggest that low-diversity communities are more susceptible to invasion 
by exotic species (McKinney 2002; Houlahan and Findlay 2004).  Other studies indicate that 
ecosystems with a high diversity of plant species have greater numbers of exotic species than 
low-diversity ecosystems (Duncan and Young 2000; Wiegmann and Waller 2005); however 
exotic species in high-diversity systems did not generally displace native species (Houlahan and 
Findlay 2004; Wiegmann and Waller 2005).     
  
Long-term data examining the spread and distribution of exotic species suggests that a 
significant time lag can exist between the time when a species is introduced to a new 
environment and when it becomes invasive, sometimes requiring decades (Delisle et al. 2003).  
In other instances, the time between introduction and invasion are short, as in the instance of 
Cytisus scoparius (Scotch broom) in British Columbia, which rapidly spread throughout 
Vancouver Island within a few years of being first detected.  As discussed earlier, the life history 
of the species influences whether an exotic species becomes invasive within a natural 
environment; information that is often unknown.  Many studies suggest that the breeding 
systems of exotic plants affect whether or not the species will become invasive (van Kleunen 
and Johnson 2006).  Self-compatible species, species that are able to reproduce without the 
assistance of a pollinator, may spread quicker and over a greater range than species that 
require pollination (van Kleunen and Johnson 2006).  In natural areas, reproductive patterns 
seem to have less of an influence on the spatial distribution of an invasion than the type, 
frequency and intensity of disturbance (Memmot and Waser 2002).  In Glacier National Park 
Montana, for example, invasive species have spread more than 100 m from recreational trails 
without any evidence of population decline (Tyser and Worley 1992).  The use of these trails by 
people has likely allowed for repeated introduction of invasive plant seeds, ultimately allowing 
these species to become permanently established.  Similar studies reveal the establishment of 
invasive species along transport networks that transect natural areas (Hartley 1997; Tyser et al. 
1998).  
  
The Disturbance Paradox: Exotic and Native Vegetation Species Propagation   
Human-caused or promoted disturbances can have positive and/or negative impacts within 
natural areas.  Prescribed burns, the clearing of vegetation for transportation and recreation 
infrastructure, and human movement all create subtle short-term changes that can have long-
term impacts in natural areas.  These disturbances can promote the growth of rare and site 
specific native plant species, but they can also allow for the establishment and potential invasion 
by an exotic species.  While most exotic species will not become invasive, the small proportion 
of species that do become invasive can drastically alter the natural community in which it has 
become established (Mack and D’Antonnio 1998).  This may involve the loss of individual 
species, and usually rare species, or alterations to the community impacted because of changes 
to physiological and/or chemical propertied of soils.    
  
Managing the paradoxical processes of rare plant maintenance and exotic invasion in natural 
areas represents a significant challenge to managers and land use planners.   The often limited 



information concerning rare plant populations, including physiological and habitat data, make it 
difficult to predict how these species respond to different levels and types of disturbance, and 
therefore difficult to develop appropriate management strategies for these species (Hessel and 
Spackman 1995).   Furthermore, in the greater context of parks and protected areas 
management, rare plants can be overshadowed by wildlife and landscape level issues.  The 
potential extinction of a wild animal species or negative impacts to landscapes within parks and 
protected areas are concrete issues understood by the public and policy makers where as rare 
plant and exotic species are not.    
  
The use of parks and protected can be expected to increase given the conservation, 
recreational and aesthetic value associated with them.  Natural and human-caused disturbances 
will continue within parks and protected areas because natural disturbance is recognized as 
essential to the ecological integrity of parks and protected areas and human-caused 
disturbances are inevitable, given social and economic pressures within and adjacent to parks 
and protected areas.  These disturbances will create opportunities for invasive exotic species 
and threaten native vegetation, especially rare native species that rely on disturbance for their 
continued propagation.  This disturbance paradox will pose significant challenges to managers 
as preventing degradation to natural areas from exotic invasive species will likely conflict with 
the practice of natural disturbance as a conservation strategy and human-disturbance caused by 
use of natural areas.      
  
Managing Rare and Invasive Species  
Conserving rare plant communities and maintaining ecological diversity in protected areas 
requires the application of comprehensive risk management practices that are based on sound 
empirical data concerning the effects.  Confounding the problem is the relationship between 
exotic species and rare species richness.  Habitat conversion, human disturbance and 
ecosystem degradation have been linked with exotic species invasion.  There is also a positive 
correlation between invasive exotic species and biologically diverse communities, areas that can 
contain a diversity of rare vegetation species (Stohlgren et al. 1999; Stein et al. 2000; Seabloom 
et al. 2006).  Although many invasive species may be found in any given protected area, only a 
few of these species may become invasive and negatively impact native communities.  A further 
complication is that soil disturbances are also important for native species and it could be 
difficult to develop management strategies that preserve rare plant species and remove invasive 
exotic species (Hulme 2006).   
  
Predicting invasions in protected areas is a significant challenge because of the often large 
spatial areas involved.  Therefore, identifying which species are most likely to become invasive 
should be a priority.  The following criteria should be considered when considering invasive 
species management (Elzinga et al. 1998): (1) expected impacts on the environment; (2) ease in 
which a species can be targeted; and (3) likelihood of success in control and eradication.  
Following the identification of invasive or potentially invasive species, a risk management 
strategy should be implemented that focuses on prevention, early detection, eradication, control 
and mitigation (Linder and Little 2008).  Preventing invasions is the most effective and cost-
effective means to control species.  This may involve quarantines or restrictions on certain 
products or activities that are likely to introduce exotics to parks or protected areas.  Focus 
should also be in areas with high human use or permanent settlement as exotic species are 
typically associated with areas having significant past or present human activity (Seabloom et al. 
2006).  Other areas are naturally more susceptible to invasion than others.  Riparian areas, for 
example, are at risk to invasion by exotic species because they are subject to frequent 
disturbance events (Richardson et al 2007; Shafroth and Briggs 2008).  Alterations to the 
vegetation structures of riparian areas by exotic invasive species can have significant impacts 



on native vegetation and wildlife (Kennedy et al. 2005; Shafroth and Briggs 2008), because they 
can be biologically diverse, contain a proportionally high diversity of rare species, provide habitat 
for wildlife and function as wildlife corridors.  
  
When initial incursions by exotic species occur, it is critical that they are detected early because 
of the potential impacts these species can have on rare plant communities.  The longer an 
invasive species persists in an environment, the more opportunity the species has to contribute 
to the seed bank in the soil, increasing its propagation during future disturbance events 
(D’Antonio and Meyerson 2002; Linder and Little 2008).   This may require significant resources, 
more than can be realistically acquired given the extent and range of many protected areas.  
Because the resources and skills required to achieve early detection success are often 
unavailable (Elzinga et al 1998), a comprehensive control and eradication strategy should be in 
place to manage invasive exotics.   For already established exotic species and prevention of 
future invasion, long-term monitoring and control will need to be implemented.  Integrated pest 
management strategies that use a variety of control mechanisms such as pesticides, herbicides, 
burning, biocontrol, hand-removal, mowing, nutrient amendments and native species planting 
are important (Prober et al. 2005; Elzinga et al. 1998).     
  
Monitoring is essential to invasive species control, and for monitoring to be successful, (1) the 
strategy must be completely implemented; (2) data collected and properly analyzed; (3) results 
provided to decision makers and (4) the results applied by decision makers (Elzinga et al. 1998).   
This will likely be a continuous endeavour as complete eradication of an invasive exotic species 
may be cost prohibitive or cause more harmful effects to the ecosystem in which it has become 
established (Kennedy et al. 2005).  Ultimately, the management objective needs to be clearly 
defined.  Combining well planned and executed management plans in conjunction with long-
term research can improve detection of invasive species, provide greater understanding of 
native and exotic species as well as detect, monitor and understand disturbance events.    
  
Concluding Remarks  
Conserving native vegetation species while simultaneously preventing or controlling the invasion 
of exotic vegetation species in parks and protected areas, in the context of natural and human-
caused disturbances, represents significant challenges to managers.  Many exotic and rare 
native vegetation species are adapted to disturbances and rely on disturbance to propagate.  
While natural disturbances are difficult to predict, human-caused disturbances are less so, 
providing managers with the opportunity to prevent and/or control exotic species invasions.  If 
disturbance is going to be used in parks and protected areas, such as prescribed burns or 
selective cutting, analyzing seed and nutrient composition in the soil prior to initiating the 
disturbance, will indicate the types of species likely to regenerate and/or proliferate after the 
disturbance.  A high proportion of exotic species seeds may indicate that disturbance should not 
be undertaken.  If the prescribed disturbance is deemed necessary to achieve other ecological 
goals, sowing the disturbed area with seeds from native species can reduce the impacts of 
potential invasions (Elzinga et al. 1998; Hulme 2006).   Amendments with carbon, such as the 
use of mulch, can further inhibit exotic species invasion by adding more carbon to the system, 
thereby altering the nitrogen-carbon ration in the soil and providing native species a competitive 
advantage (Prober et al. 2005).  Balancing the disturbance paradox therefore requires detailed 
management plans with an emphasis on early detection and monitoring strategies.  The 
application of detailed restoration mechanisms for prescribed or developmental disturbances will 
further assist in the prevention of exotic vegetation spread and conservation of rare plant 
species.      
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