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Abstract

Invasion by alien species is one of the major contributors to the local and global
loss of indigenous biological diversity, and a concern to managers of protected areas. The
objectives of this study were to document and evaluate the distribution and abundance of
alien plant species in boreal ecosystems of Gros Morne National Park of Canada
(GMNP). In areas susceptible to invasion by alien plants the physical parameters
contributing to their presence or absence were determined. The importance of disturbance
to alien plant invasion in boreal ecosystems was examined by evaluating how
environmental conditions and diversity of alien species change as a function of
disturbance regime. Functional characteristics contributing to successful invasion in
GMNP were also examined.

Alien plants were found in areas of anthropogenic and natural disturbance
throughout GMNP with the greatest abundance and diversity of species occurring in
disturbances close to high anthropogenic activity. Although alien plants were absent from
undisturbed areas, their unexpected occurrence in disturbed areas remote from human
activity is of great concern because they may alter ecosystem properties and displace
native species in these areas.

Vegetation types vulnerable to alien plant invasion in GMNP include forests,
riparian areas, fens, and alpine meadows. Disturbance occurring in these vegetation types
caused increases in bare ground and/or light availability which allowed alien plants to

invade these areas. Although high soil pH was associated with alien plants in these areas,



disturbance was not found to cause changes in soil pH. This implies that areas susceptible
to invasion by alien plants may be pre-determined by bedrock geology or other factors
influencing soil pH.

The abundance of alien plants changed from high to undisturbed disturbance
regimes. The greatest percentage of alien species occurred at high disturbance regimes,
while the total number of alien species was greatest at intermediate disturbance regimes.

Moose (Alces alces), a non-native herbivore, acted as the primary conduit for
alien plant invasion in GMNP by dispersal of propagules and creating or prolonging
disturbance by trampling and browsing vegetation. Hiking trails were also found to be
conduits for alien plant dispersal into natural areas.

Areas no longer experiencing disturbance by anthropogenic activity required long
periods of time to recover. These areas acted as foci in which alien species could persist
and spread to other areas of GMNP.

Species of concern in GMNP include Ranunculus repens, Tussilago farfara,
Lythrum salicaria, Digitalis purpurea, Hieracium spp., Taraxacum officinale, Cirsium
arvense, and Myosotis scorpioides.

Alien species able to successfully invade areas remote from human activity
differed from alien species unable to invade these areas by exhibiting both vegetative
reproduction and dispersal of asexually produced propagules.

Boreal ecosystems can be invaded by alien plarits. Management plans must

monitor the presence and potential spread of alien plants in GMNP.
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Chapter 1 - Introduction

1.1 - Why Be Concerned With Alien Plants?

After land use change and habitat loss, biological invasion by non-native species
1s one of the major contributors to the local and global loss of indigenous biological
diversity (D’ Antonio 1997; Kolar and Lodge 2001). Plant communities worldwide are
becoming progressively homogenized by the spread of alien plants (Wiser et al. 1998).
Human population growth and technology have favoured the spread and dispersal of alien
species through increased transportation and expansion of disturbed habitats (Cooper
1981; Mooney and Drake 1986). Invasion by alien species 1s a conservation concern for
protected areas, and is cited as a serious threat to National Parks in many countries such
as Canada, South Africa, Australia, and the United States (MacDonald et al. 1986; Cowie
and Werner 1993; Fensham et al. 1994; Westbrook, 1998, Canadian Heritage 1998; Parks
Canada Agency 2000).

An alien species may be defined as a species that enters an ecosystem beyond its
historic range, including any organism transferred from one country or province to
another (Mosquin 1997). More specifically, an alien species in this thesis 1s considered
any species which has been introduced to the Island of Newfoundland through human
activity in the last 500 years. Many of the alien plant species present in Newfoundland
became established due to a long history of vigorous trade with Europe (Cooper 1981).
Meades et al. (2000) was the authority used to classify species as alien to the Island of

New foundland.



Alien plants species contribute directly to the loss of native plant bio-diversity
through competition and introduction of diseases, parasites, and fungi to an ecosystem
(Mooney and Drake 1986; Drake et al. 1989; Groves and Burdon 1986; Hughes and
Vitousek 1993; Kourtev et al. 1998). For example, the alien shrub Lonicera maackii has
decreased the abundance of native tree seedlings and herbaceous plants in hardwood
forests of Ohio by competitively excluding them from light (Hutchinson and Vankat
1997). Besides competitive exclusion of native species for space or resources alien plants
can change the environment invade. Alien species have been found to alter ecosystem
properties by changing resource availability, trophic structure, and disturbance regimes
(Vitousek 1990; D’ Antonio and Vitousek 1992; Mack and D’ Antonio 1998). The alien
nitrogen-fixing shrub Myrica faya alters resource supply and succession by quadrupling
inputs of soil nutrients in Hawaii Volcanoes National Park (Vitousek 1990). Increased
fire frequency due to the presence of alien grass species has altered disturbance regimes
leading to a suppression of native trees in some areas of western North America and
Hawaii (Ramakrishnan and Vitousek 1989; D’ Antonio and Vitousek 1992).

National Parks and other protected areas are benchmarks against which society
can evaluate change caused by human activity (Stohlgren et al. 1998; Parks Canada
Agency 2000). Alien plants are threatening ecosystem processes and native biodiversity
that contribute to these areas as benchmarks to sustainable human activity. Alien plants
are listed as the fourth most common stressor occurring in Canadian National Parks

(Canadian Heritage 1998). In US National Parks (excluding Alaska) it is estimated that



invasive alien plants occur in 31 % of National Park Service area for a total of 28328 km®
(7 million acres) of National Park Service land (Westbrook 1998). The alien plant
Melaleuca (Melaleuca quinquenervia) is estimated to infest 2023.4 km * (500000 acres)
of native wetlands 1n South Florida and 1s a problem in Everglades National Park where it
displaces native vegetation and degrades wildlife habitat (Westbrook 1998). The alien
plant Garlic Mustard (Alliaria petiolata) forms dense mono-cultures and 1s displacing
rare Carolinian forest plant species in Point Pelee National Park of Canada (Haber 1997,
Parks Canada Agency 2000). In Riding Mountain National Park of Canada high numbers
of alien plants are invading native rough fescue communities and displacing native
species (Parks Canada Agency 2000). The South American shrub Lantana (Lantana
camara) 1s invading Australia’s Forty Mile Scrub National Park where 1t decreases
species richness and increases fuel loads (Fensham et al. 1994). Lantana also occurs in
South Africa’s Kruger National Park where heavy infestations of the species are
threatening riparian habitats (Macdonald 1988).

Research presented in this thesis focuses on alien plant invasion in protected areas
of boreal ecosystems. How disturbance and site characteristics contribute to alien plant
invasion in natural areas of boreal ecosystems must be determined so that methods can be
established to manage alien plants in these areas.

1.2 - Stages of Alien Plant Invasion

Although there is an abundance of literature on the negative implications of alien

plant species, a very low proportion of introduced species eventually spread into natural
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plant communities (Andersen 1995). Fewer than 20% of plants colonizing a new area are
thought to have a measureable population or system-level impact (D’ Antonio 1997).
Alien plants of greatest concern in this thesis are invasive species. Species are considered
invasive when they are able to persist and expand in natural plant communities (Burke
and Grime 1996).

Models of plant invasion generally refer to three primary elements; dispersal,
establishment, and persistence and expansion (Figure 1) (Kruger et al. 1986; Hobbs
1989; Kolar and Lodge 2001). These basic elements can be applied to invasion over
intercontinental or regional scales (Kruger et al. 1986). Dispersal refers to an alien species
overcoming geographic barriers between its place of origin and the area in which it is
invading (Kruger et al. 1986). Establishment refers to an alien plant being able to
withstand the rigours of its new habitat by having the ability to successfully grow and
reproduce at a site (Kruger et al. 1986). Characteristics of species which become
established and their interaction with the invaded community determine how well a

species will persist and expand in an area (Kolar and Lodge 2001).

Dispersal | — | Establishment | — | Expansion and Persistence

«4-------

* \ v
Species Fails  Species Fails Non-Invasive foaii .
in Dispersal  to Establish Species Species

Figure 1: Conceptual Model of Alien Plant Invasion (Kolar and Lodge 2001)
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The basic model of invasion becomes more complex when factors influencing
each element are taken into account (Figure 2). Chance and timing influence all stages
and aspects of invasion and include such things as synchrony of invasion with resource
supply, weather conditions, habitat openings, competitor phenology, and dispersal vectors
(Crawley 1989).

Factors influencing the dispersal stage include the supply and availability of plant
propagules and the obstacles of distance and landscape which propagules must pass in
order to be dispersed to a new site (Cooper 1981; Kruger et al. 1986; Tyser and Worley
1992; Brothers and Spingarn 1992; Andersen 1995). The dispersal vectors present in an
area and the functional adaptations of alien plant species to utilize dispersal vectors
determine how successful an alien species is at overcoming obstacles to dispersal (Dean
et al. 1986; Kruger et al. 1986; Andersen 1995; Mclntyre et al. 1995) (Figure 2).

Establishment of an alien species at a site is most limited by the site conditions of
the area and how well individual species are adapted to growth and reproduction in these
conditions (Wiser et al. 1998; Larson et al. 2001) (Figure 2). Site conditions such as light
availability, temperature, nutrients, and soil pH are primarily influenced by
environmental conditions such as geology, climate, and vegetation. Openings in areas
suitable for alien plant growth are usually provided by disturbance, which decreases
competition and increases resource availability for alien species (Fox and Fox 1986;
Hobbs 1989; Stohlgren et al. 1999a). The response of alien plants to disturbance and site

conditions vary within and between species, and sweeping generalizations about the
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ability of alien plants to grow and reproduce in an area are difficult (Stohlgren et al.
1999b; Larson et al. 2001). Although 1t is difficult to predict whether or not a species will
become invasive, some plant characteristics such as vegetative reproduction, self
fertilization, and seed weight appear to influence the ability of an alien plant to establish,
persist, and expand in an area (Mclntyre et al. 1995; Lavorel et al. 1997; Kolar and Lodge
2001).

Alien plants with the ability to grow and reproduce in an area may not become
invasive. Competition with other plants and the presence or absence of interactions with
other organisms such as predators, parasites, and pollinators may increase or decrease the
ability of an introduced species to become invasive (Crawley 1989) (Figure 2). Factors
influencing the disturbance regime of an area such as frequency and severity of
disturbance, and recovery after disturbance also influence persistence and expansion by
determining the availability, duration, and frequency of habitat openings for alien plants
(Bazzaz 1983). The longevity and abundance of alien plant seeds in the seed bank may
also contribute to the persistence of alien plants in an area. Presently, the importance of
bio-diversity on plant community invasibility 1s a major debate in plant ecology with
research demonstrating both species rich and species poor communities being more
susceptible to invasion (Stohlgren 1998; Wiser et al. 1998; Levine and D’ Antonio 1999;
Smith and Knapp 1999; Tilman 1999; Dukes 2001). Bio-diversity 1s influenced by the
same conditions which influence invasibility, and 1t 1s difficult to 1solate the impact of

bio-diversity on invasibility when it 1s considered independently from factors such as



competition, resource supply, disturbance, and propagule supply (Levine and D’ Antonio
1999).

This study focuses primarily on factors influencing the establishment stage of
invasion by examining the site conditions and disturbance regimes with which alien plant
species are associated in GMNP. Important inferences about the dispersal stage and
persistence and expansion stage are made using survey results, but in order to more
accurately evaluate these stages of invasion, longer term monitoring is required.

1.3 -Disturbance and Alien Plants

Alien plants colonize habitat openings that are usually generated by both
anthropogenic and natural disturbance, and for this reason alien species are generally
found in disturbed areas (Fox and Fox 1986; Carson and Pickett 1990; Burke and Grime
1996; Schwartz 1997; Stohlgren et al. 1999a). Disturbance can be defined as any discrete
event in time that disrupts ecosystem, community, or population structure and changes
resources, substrate availability, or the physical environment (White and Pickett 1985).
Hobbs (1989) suggested only those areas where disturbance has increased resource
availability are suitable for colonization by alien plants. Disturbance has many parameters
which interact to determine the disturbance regime of a particular area (Bazzaz 1983;
White and Harrod 1997), and for this reason the availability of resources for alien plants
in a particular area will vary with these parameters. Disturbance regime parameters
include spatial (size, distribution, landscape context), temporal (frequency, seasonality,

predictability, rotation period), specificity (species, age class or size class, land forms,



community state), magnitude (intensity, severity), ecosystem effects (heterogeneity,
ecosystem legacies), and synergisms (interactions) (White and Harrod 1997).

In almost all systems studied, disturbance is associated with change in important
ecosystem parameters and enhance invasibility by alien plants (White and Pickett 1985).
In forest environments change in light availability due to disturbance 1s one of the most
important factors contributing to alien plant invasion (Bazzaz 1983; Brothers and
Spingarn 1992; Hutchinson and Vankat 1997). Increased light availability may directly
influence alien plants, or it may indirectly influence them by causing changes in other
resources such as soil temperature, moisture, pH, and nutrient availability (Vitousek
1985; Shugart et al. 1992). The susceptibility of an area to alien plant invasion has been
related to the availability of bare ground created by disturbance (Reader and Buck 1986;
Burke and Grime 1996). Removal of a closed cover of native species by disturbance
contributes to invasion by creating space in which alien plants can colonize and by
decreasing competition for resources in the area (Burke and Grime 1996). Changes in the
amount of bare ground 1n an area also has the potential to alter soil drainage patterns,
temperature, moisture, and soil pH.

The majority of alien plants are adapted to capitalize on increased resources and
decreased competition in disturbed areas by having life forms, life histories, and
reproductive strategies which can withstand the effects of disturbance and / or
competitively exclude native species for resources (Baker 1965; Grime 1979; Bazzaz

1983). For example, Taraxacum species have higher reproductive allocation in highly



disturbed environments than stable environments; this allows them to spread rapidly and
colonize disturbed areas before native species become established (Bazzaz 1983). Other
examples are ruderal species such as Plantago juncoides, Senecio viscosus, and
Matricaria matricarioides that are adapted to grow in highly disturbed environments by
having rapid growth and reproduction, abundant seed production, small size, and life
forms resistant to disturbance (Baker 1974; Grime 1979). These adaptations allow these
species to avoid or minimize the detrimental impacts of disturbance while at the same
time rapidly colonizing and growing in the open habitats provided by disturbance.

1.4 - Alien Plant Invasion in Boreal Ecosystems

In boreal forest ecosystems disturbance 1s a fundamental process that ensures the
structure and function of the ecosystem (Elliot-Fisk 2000; Shugart et al. 1992). Natural
disturbances such as fire, insect outbreaks, windfalls, and herbivory ensure patchiness and
diversity in boreal forests (Shugart et al. 1992). Other areas of boreal ecosystems such as
bogs, barrens, or alpine areas are disturbed at intervals less frequently than forested areas
and may be sensitive to increased frequency of disturbance due to human activity. As
disturbance is important in both alien plant invasion and boreal ecosystems, some alien
plant species may be able to capitalize on natural disturbance or alter disturbance regimes
in boreal ecosystems. Studying alien plant invasion in boreal ecosystems allows potential
or unknown problems caused by alien plants in these areas to be determined for the
present or future management of large scale development such as forestry and mining,

and for managing natural areas.
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Although boreal forests make up one third of the world’s forested land (Shugart et
al. 1992), few studies have examined alien plant invasion in boreal ecosystems. The
presence of alien plants in disturbed areas near anthropogenic activity in boreal
ecosystems 1s well documented (Cooper 1981; Wein et al. 1992; Canadian Heritage 1998;
Rose 1998; Stapleton et al. 1998; Parks Canada Agency 2000), but little is known about
alien plant invasion and persistence in undisturbed areas or areas of natural disturbance
remote from human activity. Rose (1998) found disturbances remote from anthropogenic
activity in boreal forests of Terra Nova National Park (Canada) did not contain alien
plants. Wein et al. (1992) found river flood plains disturbed by agricultural practices,
damming, timber harvesting, and natural disturbance in Wood Buffalo National Park
contained alien plants and indicated a potential for alien plants to spread downstream
from these areas along naturally disturbed river banks.

Boreal ecosystems are characterized by cool temperatures and a short growing
season (Elliot-Fisk 2000). Soils in boreal regions are generally high in organic matter and
moisture, are acidic, have low nutrient availability, and are often covered by a thick layer
of moss (Bonan and Shugart 1989; Bonan 1992; Pastor and Mladenoff 1992). Boreal
forests have dense evergreen tree canopies, which limit sunlight to under-storey
vegetation (Elliot-Fisk 2000). Natural disturbance in boreal ecosystems has been shown
to increase soil pH, light availability, and bare ground (Pastor and Mladenoff 1992), but it
1s uncertain 1f these increases in resource availability are sufficient enough to fuel the

lifestyles of rapid growth and reproduction characteristic of many alien plants (Grime
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1979; Bazzaz 1983), only those species which are pre-adapted to the harsh climatic and
edaphic conditions of the region will have the potential to invade these areas.

1.5 - Gros Morne National Park

Gros Morne National Park of Canada, a UNESCO World Heritage Site, is the
most diverse region on the 1sland of Newfoundland, containing parts of four provincial
eco-regions within its boundaries that result from the physiographic, geologic, and
climatic diversity of the area (Bouchard et al. 1991). Gros Morne National Park has the
highest native plant diversity in all of Newfoundland and contains 36 % of the
Newfoundland’s rare plant species within its boundaries (Brouillet et al. 1996). It 1s
important to evaluate the distribution and abundance of alien plants in Gros Morne
National Park to ensure that they are not altering the ecological processes that maintain
the diversity in this area.

1.6 - Objectives

The objectives of this study are to: 1) use survey methods to document and
evaluate the distribution and abundance of alien plant species in Gros Morne National
Park (GMNP) and determine which areas appear most susceptible to invasion by alien
plants; 2) determine how the abundance and diversity of alien plants change as a function
of disturbance regime and environmental conditions; 3) for vegetation types susceptible
to invasion by alien plants, determine which physical parameters contribute to the
presence or absence of alien or native species; 4) evaluate alien plant attributes that

contribute to successful invasion in GMNP.
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Chapter 2 of this thesis describes the study area and outlines the environmental
and human conditions which may influence alien plant invasion in GMNP. The use of
surveys to evaluate the impacts of alien plant species in GMNP is presented in Chapter 3.
The use of study sites to determine how disturbance regimes and environmental
parameters are related to alien plant invasion in GMNP 1s given in Chapter 4. This
chapter also examines species functional characteristics which contribute to successful
invasion in GMNP. Chapter 5 discusses the implications of alien plants in GMNP and

provides recommendations for future research and management.
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Chapter 2 - Study Area
Gros Morne National Park of Canada is located on the west coast of the island of
Newfoundland (Figure 3). GMNP was established in 1973 and is eastern Canada’s largest
national park at 1805 km* (Burzynski 1999). GMNP was designated a UNESCO World
Heritage Site in 1987 for 1ts unique geology and scenery. The topography, physiography,
and geology of the area contributes to much local variation in climate and vegetation,
making GMNP one of the most biologically diverse areas of Newfoundland.

2.1 - Topography, Physiography, Geology, and Recent Glacial History

GMNP is made up of three physiographic regions, which include the serpentine
Tablelands, flat coastal lowland, and alpine plateau (Figure 4). Numerous authors have
described the physiography and geology of GMNP (Damman 1983; Williams 1985;
Bouchard et al. 1991; Berger et al. 1992; Burzynski 1999). Topography 1s an important
determinant of climate, vegetation, and human activity in the park. The rapid change in
elevation between the coastal lowlands and alpine plateau 1s one of the most conspicuous
features of GMNP (Figure 5).

The coastal lowlands (50 - 150 m elevation - Figure 5 ) are composed primarily of
sedimentary limestone and sandstone which lie in alternating bands parallel to the coast
(Figure 6) (Williams 1985; Berger et al. 1992). Some limestone and dolomite exposures
form high stratified cliffs in Bonne Bay (Bouchard et al. 1991). The coastal lowlands rise
abruptly to the alpine plateau reaching elevations of 800 m (Figure 5). The alpine plateau

forms part of the Long Range Appalachian Mountains of Newfoundland’s Northern
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Figure 3: Regional Setting of GMNP (Taylor 2000)
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Figure 4: Physiography of GMNP (Burzynski 1995)
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Figure 5: Topography of GMNP (Taylor 2000)
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Figure 6: Geology of GMNP (Taylor 2000)
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Peninsula and consists principally of meta-morphic and igneous granite or granite-gneiss
(Williams 1985) (Figures 4 and 6). Exposures of sedimentary limestone and quartzites
flank the abrupt escarpment between the coastal lowlands and alpine plateau (Bouchard et
al. 1991).

The serpentine Tablelands are mainly composed of ultramafic peridotite, altered
gabbroic rocks, and quartz diorite that originated from the suboceanic crust; the
Tablelands are the primary reason GMNP 1s designated a UNESCO World Heritage Site
(Brookes 1993; Burzynski 1999).

The 1sland of Newfoundland was most recently de-glaciated approximately 11000
to 12000 B.P. with highland areas on the Long Range Mountains not being de-glaciated
until approximately 9000 B.P. (Grant 1989). The dominant geomorphological features of
the park reflect Pleistocene glaciation; these land forms include ice-scoured uplands,
glacier-carved valleys, moraine-mantled lowlands, and coastal rock terraces (Bouchard et
al. 1991). Highland areas were scoured by ice, and little soil development has occurred in
these areas since the last glaciation so that barren rock knobs and rubble fields crown the
hills (Grant 1989). Increased sea level in the time period immediately after glaciation
means that much of the coastal lowlands are covered with marine deposits, which have
differences 1in mineralogy and chemistry from the underlying bedrock depicted in Figure
6 (Berger et al. 1992).

2.2 - Climate

The location and physiography of GMNP contributes to much spatial and
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temporal variability in climate. GMNP can be divided into two main climatic zones: the
coastal lowlands and alpine plateau (Banfield and Jacobs 1996). A third zone with a
longer growing season and higher summer temperatures has been proposed for the
southern portion of the park (Bouchard et al. 1991). The principal factors influencing the
climate are cool temperatures, a short growing season, moderating oceanic influence, a
continual moisture excess, and strong prevailing southwesterly and westerly winds
(Bouchard et al. 1991).

The coastal lowland has its lowest mean monthly temperature in February at
-7.5°C, and highest mean monthly temperature in July at 17°C (Banfield 1990). The
coastal lowland receives 1200 - 1450 mm of precipitation per year (Banfield and Jacobs
1996). Estimates of annual snowfall in the area range from 435 to 540 cm depending on
the locality (Banfield and Jacobs 1996). The growing season ranges from 150 days in
southern areas to 140 days in northern areas (Bouchard et al. 1991).

Long-term climate data for the alpine plateau is lacking. Recent data vary, but
seem to indicate that alpine areas have daily maximum and minimum temperatures that
are 5.1°C and 3.6°C lower respectively than lowland regions (Banfield and Jacobs
1996). The alpine plateau has its coldest mean monthly temperature in January at
-10.5°C, and warmest mean monthly temperature in July at 13°C (Banfield 1990).
Current estimates of highland precipitation are in the range of 1600 - 1800 mm/yr
(Banfield and Jacobs 1996). Lack of long term data and high winds make estimates of

snowfall difficult in the alpine region, but snow cover is thought to be at least two months
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longer 1n duration than on the coastal lowland (Bouchard et al. 1991). The growing
season 1n the alpine region can be as short as 130 days and even shorter in snow bed areas

(Bouchard et al. 1991).

2.3 - Vegetation

Gros Morne National Park has the highest diversity of vegetation types in the
province. These areas contain 36 % of all the rare plant species on the Island of
Newfoundland (Brouillet et al. 1996). The vegetation of the park can be separated into
four main regions: the coastal lowlands, Long Range Mountains, serpentine Tablelands,
and undulating lowland forest. Vegetation types with the largest area in the park are
balsam fir forest (36%), heath-lichen tundra (21.6%), tuckamore (krummholz) (12.9%),
bog and fen (9.5%), black spruce forest and scrub (6%), and serpentine barrens (4.8%)
(Taylor 1995) (Figure 7).

The coastal lowlands extend north from Bonne Bay to the park’s northern
boundary. The coastal lowlands comprise many habitats such as tidal flats, sand dunes,
seashore cliffs, coastal tuckamore, sedge meadows, and salt marshes but consist mainly
of ombrotrophic bog intermixed with black spruce (Picea mariana) and balsam fir (4bies
balsamea) forest in upland areas (Bouchard et al. 1991; Figure 7). The coastal lowlands
rise abruptly to the Long Range Mountains, where alpine tundra barrens are dominated by
shrub heaths, shallow peatlands, alpine tuckamore, and some forest in sheltered valleys
(Bouchard et al. 1991; Figure 7).

The southern portion of GMNP consists of two vegetation zones: the Tablelands
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and the lowland forests (Figure 7). The Tablelands has substrates which are unfavorable
to most plants because they are derived from serpentine and other ultramafic rocks which
have low levels of essential elements such as nitrogen, potassium, phosphorus, and
calcium, and high concentrations of nickel, magnesium, cobalt, iron, and chromium
(Burzynski 1999). This area lacks forest cover, and with the exception of some fens and
specialized or stress-tolerating plants, vegetation is sparse. The lowland forest extends
from Bonne Bay south to the park’s southern limit. This area differs from other regions of
the park 1n that it has a longer growing season and generally contains nutrient-rich,
productive soils (Bouchard et al. 1991). It contains predominantly balsam fir intermixed
with black spruce, white birch (Betula papyrifera), white spruce (Picea glauca), larch
(Larix laricina), and bogs (Figure 7).

2.4 - Human History

The earliest known human activity in GMNP occurred at least 5000 BP when the
Maritime Archaic Indians inhabited the area (Burzynski 1999). Although several native
cultures occupied the area since then, the landscape of GMNP was not heavily modified
until the arrival of European settlers in the 1700s (Burzynski 1999). Human settlement in
the area was due to a rich fishery along the coast and forest stands in the southern end of
the park. Commercial logging started at the beginning of the 1900s and ended in the
1960s (Burzynski 1999). All forested areas in the Bonne Bay area and coastal lowlands
have been cut at least once. Although commercial logging has ceased, and commercial

fishing much reduced, almost all coastal areas show impacts of past resource use. The
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remains of abandoned communities, fields, gardens, saw mills, and fishing huts are still
very obvious throughout all coastal areas.

Today GMNP contains ten enclave communities with a total population of 4500
(GMNP EIS Statement 2000). GMNP 1s the most visited tourism destination on
Newfoundland’s west coast (Burzynski 1999), receiving approximately 120 000 visitors
per year (Parks Canada 2001). Present day anthropogenic activity and infrastructure such
as roads, quarries, picnic areas, and campgrounds are concentrated predominantly in
forest vegetation of coastal areas (Figure 8). Human activity is restricted primarily to
coastal areas because abrupt changes in topography make access to the alpine plateau
difficult and because resource extraction such as fishing and forestry occur near the coast.
An exception to this are trails (designated or non-designated) used by hikers, skiers, and
snowmobile users who travel to areas throughout the park. Although GMNP operates like
other national parks, the park’s establishment agreement allows certain “traditional”
activities such as timber harvesting, small game hunting, and snowmobiling in some

areas of the park; these activities are considered significant management issues by park

officials (GMNP EIS Statement 2000).

2.5 - Disturbances Occurring within GMNP
Historical and current disturbances found in GMNP include anthropogenic
disturbances such as roads, hiking trails, snowmobile trails, borrow pits, and clear cuts,
and natural disturbances caused by rivers, wind, insects, caribou, and moose. Many areas

experience concurrent multiple disturbances. For example, disturbance by moose 1s
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widespread throughout the park and occurs along hiking trails and in clear cut areas.

2.5.1 - Anthropogenic Disturbances

(A) Roads

Roads are the most widespread anthropogenic disturbance occurring in GMNP.
The majority of roads follow the coastline with the exception of some inland roads in the
southern portion of the park (between Trout River and Woody Point, Glenburnie to
Wiltondale, and just north of Wiltondale) (Figure 8). The majority of present day roads
were constructed between 1979 and 1984 (Hendrickson 2000). Disturbance associated
with roads includes construction, use and maintenance. Disturbance associated with road
construction includes removal of trees in and around the area where the road is built.
Construction also alters drainage patterns in the area around the road because of ditching
and the introduction of rock and soil for the road bed. Where roads cross bogs, it may be
necessary to remove large amounts of peat or drain moisture from these areas. The
majority of borrow pits found in the park were created to supply gravel for road
construction.

Present day disturbances along roads include vehicle compaction on road
shoulders, unknown levels of disturbance caused by carbon monoxide production from
motor vehicles, thinning of vegetation from roadside areas to ensure visibility of moose,
and snow clearing operations which involve road plowing and salting.

(B) Hiking Trails

There are 19 designated hiking trails in GMNP (Figure 8). The majority of trails
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occur in forested areas of the coastal lowlands, but trails are present to some degree in all
of the vegetation types found in GMNP. Several of these trails, including Trout River
Pond, Snug Harbour, James Callahan, Lookout Hills, Stuckless Pond, Green Gardens,
and Baker’s Brook Pond, extend away from roadsides into areas of relatively low human
activity. During trail construction the tree canopy is removed from areas near the trail,
while removal of stumps and construction of drains along the trail alters drainage
patterns. The introduction of non-indigenous gravel and boardwalks in areas along trails
also modifies the area. Hikers using a trail disturb the area by trampling soil and
vegetation on or near the trail.

In remote areas of the park, the Long Range Traverse and North Rim Traverse are
backpacking trips which do not follow a designated trail. Although trampling of
vegetation by hikers occurs as a result of this activity, the majority of disturbance
resulting from hikers along these routes occurs at campsites. There are designated
camping areas along the traverses so that the impact of hikers is limited to specific areas,
but evidence of frequent camping in non-designated areas was found.

(C) Clear cuts

At present, harvesting of wood for domestic use occurs in designated cut blocks
within GMNP. Domestic cut blocks are located throughout the park in almost all sections
of balsam fir forest west of the Long Range Mountains. Disturbance by cutting opens
various size portions of the tree canopy. The increased light in these areas can lead to

changes in vegetation and soil moisture. Trees on the edge of clear cuts are more
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susceptible to wind disturbance because other trees which sheltered them from the
impacts of wind are removed.

Forest disturbance due to past commercial forest operations within GMNP is not
obvious in most areas, but this activity most likely caused increased abundance of balsam
fir (Abies balsamea) and decreased abundance of black spruce (Picea mariana) and white
pine (Pinus strobus) (Meades and Moores 1989). Past forest operations may have also
influenced forest floor development such as accumulation of organic matter and
composition of under-storey vegetation.

At present large-scale commercial forest harvesting outside GMNP is allowing
access to the park’s remote eastern boundary via road construction. The impacts of this
activity on GMNP are currently being investigated.

(D) Snowmobile Trails

Snowmobile use occurs in almost all of the elevations and vegetation types found
in GMNP. In forested areas cutting trees to make trails for snowmobiles 1s one form of
disturbance associated with this activity. The use of snowmobile trails to access cut
blocks and haul trees from these areas using snowmobiles causes further damage to these
trails (Caissie 1999). Snowmobiles may also alter the moisture regime and vegetation in
areas where trails occur (Caissie 1999).

2.5.2 - Natural Disturbances

(A) Fire

Fire is one of the most important natural disturbances occurring in boreal forests
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(Shugart et al. 1992), but in GMNP this disturbance is not as significant as in other areas.
The park has a very long fire cycle, greater than 500 years (Day et al. 1990). The presence
of large areas of bog and heath and a maritime climate, which favors balsam fir as the
dominant tree in forested areas, contribute to this long fire cycle.
(B) Rivers

Disturbance by rivers occurs 1n all areas of GMNP. Disturbed areas along river
channels include active river bars and banks which are being disturbed on a regular basis
by water eroding or passing over these geomorphological features. Riparian areas further
away from the river channel can also experience disturbance during flooding which may
erode soil, damage vegetation, and/or deposit sediment. Flooding may result from the
formation of ice dams along the river channel, spring runoff, or excess amounts of
rainfall. Large pieces of ice flowing in streams during spring runoff may physically
disturb areas in and around the river channel.
(C) Insect Outbreaks

Insect outbreaks caused by hemlock looper (Lambdina fiscellaria) and spruce
budworm (Choristoneura fumiferana) occur primarily in balsam fir forests throughout
GMNP. The effects of the hemlock looper outbreaks which occurred from 1985 - 1987
near Baker’s Brook Pond and Stuckless Pond (C. Wensal pers. comm., 1998) are still
very obvious at the present time (Figure 9). The most recent insect outbreak in GMNP
was a hemlock looper outbreak near Western Brook Pond (Snug Harbour) in 1996 (C.

Wensal pers. comm. 1998, Figure 9). An outbreak of hemlock looper or spruce budworm
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can injure or kill large numbers of trees. Over a period of a few years these dead or
damaged trees fall opening the forest canopy. The size of Athe canopy opening depends on
the severity of the insect outbreak and the areas exposure to wind. Once the tree canopy is
removed, the area has increased light availability, which may result in changes in
vegetation, so1l moisture and temperature on the forest floor (Bazzaz 1983; Vitousek
1985). Insect outbreaks differ from clear cuts in that the canopy in a disturbed area is
generally removed at a much slower rate and trees which die remain intact until decay or
windthrow.
(D) Wind

Disturbance by wind occurs throughout GMNP in varying degrees. Most wind
disturbance causes small blow-downs which may open up small areas of the tree canopy
and expose small patches of mineral soil ground by uprooting trees. In some areas wind
disturbance can create large openings in the tree canopy. Large areas of wind disturbance
occur near the park’s northern boundary (Figure 9). As mentioned earlier, wind
accentuates the impacts of other forest disturbances such as insect outbreaks and clear
cuts.

Wind is also important in coastal areas where frequent disturbance by wind 1s
responsible for sand dune and tuckamore vegetation types.
(E) Moose/Caribou

Disturbance by moose (A/ces alces) and woodland caribou (Rangifer tarandus

caribou) 1s the most widespread disturbance occurring in GMNP. Both species are
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distributed throughout the park, with moose primarily in forested areas and caribou
primarily in heath-tundra environments. Both species occur in high numbers (Burzynski
1999). At present it 1s estimated that approximately 7700 moose inhabit the park (GMNP
2001). The high density areas of GMNP (which make up 51% of the park) have an
average of 6.8 moose / km” (GMNP 2001). Moose and caribou disturb the environment
by trampling, browsing, and defecating. Trampling the ground by moose and caribou
creates trails and exposes bare ground in many areas. Moose browsing of balsam fir and
deciduous growth can slow the re-growth of disturbed areas such as clear cuts and insect
outbreaks, allowing light availability to remain high in these areas and contributing to
changes in soil moisture and temperature. Moose and caribou feces may also add
nutrients to the soil in some areas (Molvar et al. 1993).

Moose are an introduced species to Newfoundland; therefore, disturbance caused

by moose can be indirectly attributed to anthropogenic activity.
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Chapter 3 - How Prevalent are Alien Plants in Gros Morne National Park?

3.1 -Introduction

In order to monitor and manage alien plant invasion baseline information on the
diversity and distribution of alien plant species in an area must first be determined. A
scarcity of studies on alien plants in natural areas of boreal ecosystems indicates that land
managers do not have this basic information. Very little work has been done on alien
plants in Gros Morne National Park (GMNP). Detailed botanical inventories (Bouchard et
al. 1991; Brouillet et al. 1996) record the presence of alien plants in GMNP, but
information on alien plant invasion in natural areas was not investigated. These
inventories occurred primarily during the park’s inception, and changes to GMNP since
that time may have facilitated alien plant invasion. Brouillet et al. (1996) noted the
presence of the alien plant Ranunculus repens in remote areas of GMNP and suggested
that it may be of concern. Hendrickson (2000) studied the distribution of the alien plant
Tussilago farfara in GMNP, focusing primarily on factors contributing to its invasion in
areas of high human activity such as roadsides. The priority of Canada’s National Parks is
to protect the ecological integrity of the areas in which they were established (NPA
2000). An absence of studies on alien plants in natural areas of GMNP and other boreal
ecosystems prevents park managers from evaluating how alien plants are impacting the
ecological integrity of GMNP.

The primary objective of surveys was to determine the distribution and abundance

of alien plant species in GMNP. Although the distribution of alien plants in all areas of
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GMNP is examined in this study, natural areas remote from anthropogenic activity are of
greatest concern. This is because the presence of alien species in these areas may be a
larger threat to native bio-diversity or ecosystem function than in areas already heavily
impacted by high human activity. The distribution of alien plant species in GMNP is
predicted to coincide primarily with disturbed areas near high anthropogenic activity
because disturbed areas provide habitat openings in the form of space or increased
resource availability to which many alien species are adapted (Baker 1965; Carson and
Pickett 1990; Burke and Grime 1996; Stohlgren et al, 1999a). The introduction of alien
plant reproductive propagules 1s primarily due to intentional or unintentional human
activities (Cooper 1981; Thompson et al. 1987; Haber 1997; Hutchinson and Vankat
1997), indicating that disturbed areas of high human activity have the greatest chance of
colonization by alien plants. Road sides, garbage dumps, communities, pits,
campgrounds, and picnic areas are predicted to have the greatest abundance and diversity
of alien plants because high amounts of disturbance and human activity occur in these
areas.

Undisturbed areas and disturbed areas remote from human activity are not
predicted to be colonized by alien plants. Although natural disturbances such as river
channels, insect outbreaks, windfalls, and moose trails occur 1n all areas of GMNP,
resource availability created by disturbance may be less in natural areas compared to
modified landscapes of high human activity because boreal soils have low soil pH and

nutrient availability (Shugart et al. 1992). For this reason natural disturbances may create
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habitat openings which do not provide a significant amount of available resources for the
establishment of many alien plants. Dispersal limitation will also prevent alien plants
from colonizing disturbed areas remote from human activity. Much of the vegetation in
GMNP 1s made up of dense stands of evergreen forests which act as a barrier to wind
dispersal (Brothers and Spingarn 1992). Rose (1998) found that naturally disturbed areas
in remote forest areas of Terra Nova National Park (Canada) did not contain alien plant

species.
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3.2 - Methods

GMNP was surveyed extensively at the beginning of the 1998 field season in
order to visually assess the geographic extent of alien plant distribution and to find
suitable areas in which to establish permanent study sites. Representative areas from all
disturbance and vegetation types in the park and park enclave communities were
determined by observations (Table 1), and by examining maps which classified these
areas (Berger et al. 1992; Taylor 1995) (Figures 7 and 9). Maps were only useful for large
geographic areas, and for this reason were used to plan generalized survey routes.
Detailed walking and driving surveys of disturbance and vegetation types were carried
out (Table 2).

Surveys involved walking slowly along a trail or other area of interest such as a
particular vegetation or disturbance type while at the same time examining the ground for
alien plants. During most surveys two individuals participated, ensuring the majority of
alien species were observed. All alien plant species observed in a survey area were
recorded. In most situations 1t was not feasible to record the abundance of each alien plant
species during surveys because they were usually found in high numbers and / or had
widespread distributions. In order to quantify change in alien species between different
areas of GMNP alien plant species richness (total number of species (R)) and abundance
(total number of plants) in areas surveyed were mapped.

The origin of all plant species (alien or native) observed during surveys was
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Table 1: Vegetation and Disturbance Types Surveyed and Survey Effort in GMNP

Disturbance Types Observed Within Each Vegetation Type

Anthropogenic Natural
# of Areas
Vegetation Surveyed in a
Types* % Area of GMNP Roads Pits Hiking Snowmobile Clearcuts Pastures Windfalls Beavers Moose / River Vegetation Type
(km?)** Trails Trails Caribou Channels
Balsam fir 36% (708.17) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes > 50
forest
Heath-Lichen 23% (414.91) No No Yes Yes N/A No N/A No Yes Yes 11
Tundra
Tuckamore 13% (249.13) Yes No Yes Yes N/A Yes Yes No Yes Yes 14
Black spruce 6% (119.08) Yes No Yes Yes No No Yes Yes Yes Yes 9
forest and scrub
Sedge Fen and 5% (97.9) No No Yes ? N/A No N/A No Yes Yes 4
Bog
Serpentine 5% (93.05) Yes No Yes Yes N/A No N/A No No Yes 3
Barrens
Sphagnum Bog 4% (84.59) Yes No Yes Yes N/A No N/A No ¥es Yes 5
Heath Dwarf- Less than 1% (9.99) No No Yes ? N/A No N/A ? ? ? 0
Scrub
Riverain Less than 1% (7.32) Yes No Yes Yes N/A No N/A Yes Yes Yes 11
Thicket and
Meadow
Intertidal Salt Less than 1% Yes No No No N/A Yes N/A No No Yes 2
Marsh (1.63)
Larch Scrub Less than 1% No No No No N/A No N/A No ? ? 0
(.95)
Grassy Dunes Less than 1% (.91) Yes No Yes No N/A No N/A No No Yes 2
Alpine Meadow No No No No N/A No N/A N/A Yes No 2

Notes: *Description of Vegetation Types in Appendix 1. ** % Area of Vegetation Types from Taylor (1995). ? = unknown. N/A = Not Applicable
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Table 2: Survey Effort

Survey Distance Total Distance Surveyed
Surveyed (accounts for multiple
surveys of the same area)

Walking - Designated hiking trails 136 km 352 km*!
Walking - Un-designated trails 177 km 261 km*'
Walking - Roadsides 14.5 km Unknown*?
Driving - Roadsides 205 km Unknown*

*! _ survey distance is underestimated because only full trail surveys are included. On numerous occasions,
sections of trails/routes were surveyed but the distance travelled is unknown.
*#2 _ Road shoulders were surveyed on several occasions, but the survey distance was not known (ie.

walking back to vehicle, etc...).*’ - Road shoulders were surveyed from a vehicle on many occasions.
classified based on information from Fernald (1950) and Britton and Brown (1970), and
later verified using Meades et al. (2000). The origin of bryophytes in GMNP was not
evaluated in this study.

At least one specimen of every species of alien plant observed was collected,
pressed, and verified. Unknown plant species were also collected, identified, and pressed.
Specimens were deposited at the Newfoundland Museum and verified by the Curator of
Natural History. Revision of species nomenclature was according to Meades et al. (2000).
Authorities for Latin binomials are given in Appendix 2.

Many areas were re-surveyed throughout the summer in order to locate late
growing or flowering species. Additional surveying was done in the summer of 1999 to
re-assess areas surveyed in the previous summer and to find new locations of alien

species 1n areas not previously surveyed.
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In order to locate and record as many alien plant species as possible, areas of high
anthropogenic disturbance were surveyed extensively. All campgrounds, garbage dumps,
pits, and day use areas in GMNP were surveyed. Due to time constraints and the large
area covered by roads it was not feasible to survey all roadsides by foot. In order to locate
the majority of alien species along roadsides, 500 m sections on both sides of the road
were surveyed 1in 5 km intervals along all highways in GMNP. Other areas of roadsides
were also surveyed on several occasions when other fieldwork required or resulted in
field researchers walking along the road shoulder. Although large areas of roads were
surveyed on foot, one of the most effective ways to find new species in GMNP was to
observe them while driving (Table 2). Researchers frequently pulled over to the roadside
to examine plants which appeared unusual or new to them, and this resulted in locating
alien plants of limited distribution in GMNP on several occasions.

Due to their potential as foci, all enclave communities were throughly surveyed.
Areas of particular interest in enclave communities were wharves, graveyards, abandoned
gardens, agricultural fields, and roadsides.

Hiking trails were considered potential corridors in which alien plants could
invade areas remote from high anthropogenic activity in GMNP (Tyser and Worley
1992). All designated hiking trails were surveyed at least once. Clear cuts, river channels,
insect outbreaks, and caribou / moose trails were also considered disturbances in which
alien species could invade remote areas away from high human activity, and therefore

each of these disturbance types were surveyed in several areas throughout GMNP.
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3.3 - Results

3.3.1 - General Trends

The survey detected a total of 95 alien species associated with both natural and
anthropogenic disturbance in Gros Morne National Park (Table 3, Figure 10, 2). This
compared with 100 introduced species listed by Brouillet et al. (1996).

The majority of alien plant species found in GMNP were associated with
anthropogenic disturbances in areas of high human activity such as roads and pits (Tables
3 and 4, Figure 10). Alien plants were also found to be abundant and diverse in areas of
past human activity such as abandoned fields or communities, which are not experiencing
disturbance at the present time, but still show signs of past disturbance (Tables 3 and 4,
Figure 10). Disturbances which were remote from high human activity such as hiking
trails, moose trails, clear cuts, insect outbreaks, beaver dams, snowmobile trails, and
rivers also contained alien species. However, the abundance and species richness of alien
species was lower in these areas compared with disturbances of high anthropogenic
activity such as roads and pits (Table 4, Figures 10, 11, and 12).

Species found in disturbed areas remote from human activity include Ranunculus
repens, R. acris, Trifolium spp., Taraxacum officinale, Tussilago farfara, Cirsium
arvense, Digitalis purpurea, Hieracium spp. (mainly H. aurantiacum, H. pratense, and
H floribundum) and Myosotis scorpioides. With the exception of Digitalis purpurea, all
alien species found in remote areas were also abundant in areas of anthropogenic

disturbance near high human activity throughout GMNP (Table 3).
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lan ies*
*Species are listed in decreasing order by number of disturbance types in which they are found.

Disturbance Types

Anthropogenic Natural

Species Road Trail Pit Dayuse Field Garden Dump Graveyard Pole Line Snowmobile Clear cut Beach Insect River Wind Moose Beaver

Ranunculus repens X X X X X X X X X X X X X X
Myosotis scorpioides X X X
Hieracium floribundum X
Tussilago farfara
Taraxacum officinale
Cirsium arvense
Hieracium pratense
Hieracium aurantiacum
Chrysanthemum leucanthemum
Ranunculus acris
Plantago major
Plantago lanceolata
Rumex acetosella
Achillea millefolium
Centaurea nigra
Trifolium repens
Hieracium pilosella
Hieracium florentinum
Vicia cracca

Lotus corniculatus
Leontodon autumnalis
Phleum pratense
Rumex acetosa

Rumex crispus

Rumex domesticus
Rumex obtusifolius
Trifolium hybridum
Linaria vulgaris
Agropyron repens
Chenopodium album
Digitalis purpurea
Lupinus perennis
Senecio viscosus
Stellaria graminea
Stellaria media

Trifolium pratense
Capsella bursa-pastoris
Lythrum salicaria
Matricaria matricarioides
Anthoxanthum odoratum
Arctium minus

Barbarea vulgaris
Cerastium vulgatum

XX X X X X X X X X
>

X 2 X X X M X M X

X X X X X X X

X X X X X X

2 X K X X R

X
X X X X X
>

M o M M X MK X X XX X M M KN KK KX
>

X X XX X XX X X XX X X X X X
Mo X X X X X X X XX XK X X X X XX X X X X X X X X X X
X X X X
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b
b
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x
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b
>

x
>
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*Species are listed in decreasing order by number of disturan tpes in wich they are found.

Disturbance Types

Anthropogenic Natural

Species Road Trail Pit Dayuse Field Garden Dump Graveyard Pole Line Snowmobile Clear cut Beach Insect River Wind Moose Beaver

Cirsium vulgare X X X
Festuca elatior X X
Festuca ovina X X
Lysimachia punctata

Malva moschata

Medicago lupulina X X
Mimulus moschatus

Polygonum cuspidatum X

Plantago juncoides X X X X
Aegopodium podagraria

Aquilegia vulgaris

Carum carvi X

Filipendula ulmaria

Geranium pratense X
Hypericum perforatum X X
Persicaria persicaria
Poa compressa
Senecio vulgaris
Sonchus arvensis
Trifolium agarium
Veronica serpyllifolia
Aconitum x bicolor X
Bellis perennis X

Brassica rapa

Campanula rapunculoides
Cichorium intybus

Crepis tectorum

Dactylis glomerata
Dianthus armeria X
Echium vulgare
Erysimum hieraciifolium X

Euphorbia cyparissias X

Galeopsis tetrahit X
Glechoma hederacea X

Hieracium caespitosum X
Hordeum jubatum
Linum catharticum
Matricaria maritima
Medicago sativa
Melilotus alba
Melilotus officinalis
Myosotis sylvatica
Pastinaca sativa

x X X X
>

X X X X X
x
>

x X X X X X X X X X X
b4
X X X X X x

x

X X X X X X X X
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Table 3: Disturl T t sk Mlice Dics Sosriass f | within GMNP
*Species are listed in decreasing order by number of disturbance types in which they are found.

Disturbance Types

Anthropogenic

Natural

Species Road Trail Pit Dayuse Field Garden Dump Graveyard Pole Line Snowmobile Clear cut Beach Insect River Wind Moose Beaver
Phalaris canariensis X
Senecio jacobaea X
Silene cucubalus X
Solanum dulcamara X
Tragopogon pratensis X
Urtica dioca X
Verbascum thapsus X
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Table 4: Mean Number of Alien Plant Species Associated
with Disturbance Types of GMNP

Disturbance Type = Mean # Standard Range  Number

of Error of Sites
Species Surveyed

Hiking Trails . 4.3 3-19 17

Roads 153 1.3 8-29 6

Pits 16.5 10.5 6 - 31 4

Various 9.9 3.9 5-17 9
(campgrounds,
dumps, etc...)

Abandoned 15.4 9.5 6 - 31 5
Communities

Clear Cuts 6.5 4.3 0-11 5

Rivers 4.4 3.8 0-13 10

Insect Outbreaks 3 2.9 0-9 7

Alien species commonly found in disturbances created by high human activity
throughout GMNP include Chrysanthemum leucanthemum, Trifolium spp., Centaurea
nigra, Vicia cracca, Leontodon autumnalis, Barbarea vulgaris, Rumex acetosella,
Achillea millefolium, Phleum pratense, Agropyron repens, Festuca spp., Poa spp.,
Anthoxanthum odoratum, Lotus corniculatus, and Plantago major (Table 3).

Alien species of limited distribution in GMNP such as Phalaris canariensis and
Glechoma hederacea were always found 1n disturbances close to high anthropogenic

activity (Tables 3 and 5).

The majority of alien plants were found in disturbed areas on the western side of
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Table 5: Alien Plants* with Limited Distribution in GMNP

Uncommon Alien
Species

Location / Details

Pastinaca sativa

Phalaris canariensis
Solanum dulcamara

Silene cucubalus

Verbascum thapsus

Matricaria maritima
Echium vulgare

Campanula
rapunculoides

Tragopogon pratensis
Dianthus armeria
Lythrum salicaria
Bellis perennis
Medicago sativa

Hordeum jubatum

Glechoma hederacea

Senecio jacobea

Erysimum hieraciifolium

Brassica rapa

Several plants found on the east side of the road shoulder between the
community of Cow Head and the northern park boundary.

Specimen found at Norris Point dump.
Specimen found at Norris Point dump.

Several plants found near a road cut on the north side of the road between
the Discovery center and Tablelands parking lot / exhibit.

Located on the road connecting Woody Point and Trout River. Specimen
was found in Woody Point just uphill from the turnoff to Trout River on the
northern side of the road. Only one specimen was found, this specimen was
removed from the area.

Specimen found near the fish plant in Rocky Harbour.
Several plants found in the softball field and parking lot in Norris Point.

Specimen found in parking lot of convenience store in Rocky Harbour. This
store was on the same road as the fish plant.

Specimen found at Rocky Barachois Pit.

Several plants found at Rocky Barachois Pit.

Found in several locations, see Appendix 3.

Several plants found at Lomond campground.

3 specimens found along the Lomond Campground access road.

High numbers of this plant were found along the road shoulder of the South
East Hills. Plants found scattered along a fair distance of the highway, but
exact distance is unknown.

Specimens found scattered through fields near Lobster Cove Head and
Green Point.

High numbers of this plant were found in the area around the Discovery
Center.

Specimen found along the road shoulder near St. Paul’s. Location and
number of plants unknown

Specimen found along the road shoulder between Western Brook Pond
parking lot and Sally’s Cove. Location details and population size unknown.

* Species which were observed in graveyards and private gardens are not listed.
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the Long Range Mountains (Figures 11 and 12). No alien species were found within
GMNP on the eastern side of the Long Range Mountains even though this area
experienced moose / caribou, river, and wind disturbance (Figures 11 and 12). The only
areas in which alien plants (eg. Taraxacum officinale, Hieracium spp., Ranunculus
repens) were found on top of the Long Range Mountains were alpine meadow vegetation
on south facing slopes. As mentioned in Chapter 2 the eastern side and top of the Long
Range Mountains are regularly accessed by humans, but not to the same degree as the
western side of the Long Range Mountains where the majority of human activity 1s
concentrated.

Vegetation types which were found to contain alien plants included forested areas,
fens, riparian areas, sand dunes, and south-facing slopes in alpine areas. Vegetation types
which did not contain alien plant species regardless of proximity to human activity
included salt marshes, the serpentine tablelands, bogs, and alpine heath. The only activity
which allowed alien plants to invade these vegetation types was the addition of
“foreign’gravel or soil to a site, such as for trails or roadbeds (e.g. bogs along the
Western Brook Pond Trail).

The presence of alien species in areas of low anthropogenic activity was
associated with limestone bedrock and limestone conglomerate (Figure 6). The Lomond
area 1s underlain primarily by limestone bedrock, and this is the area most heavily
invaded by alien plants in GMNP (Figures 11 and 12). Rivers and moose trails examined

in areas without limestone bedrock, such as the eastern side of the Long Range
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Mountains and Burridges Gulch, were not found to contain alien plants (Figures 11 and
12). Other high soil pH rock types, such as pillow basalts in the Green Gardens area
(Figure 6), also coincided with alien species (Figures 11 and 12).

Several different disturbance types were colonized by alien plants. A brief
description of the survey results for the various types of disturbance occurring in GMNP
follows. More detailed descriptions and locations of alien species are described in
Appendix 3.

3.3.2 - Anthropogenic Disturbances

(A) Trails

All designated hiking trails in GMNP contained alien species (Figure 11).
Although remote areas had sporadic occurrences of alien species, the number of alien
species generally decreased with distance from human activity. For example, walking
surveys along the Western Brook Pond and Snug Harbour trails found a high diversity of
alien plants near the highway, but this number decreased to 1 or 2 species of alien plants
at the end of the Snug Harbour trail (Figure 12). In most cases alien species were
restricted to the trail, or side of the trail. Alien species were found in other disturbances
along the trail such as beaver dams, rivers, moose trails, and insect outbreaks.

The trail which appeared to be the most heavily influenced by alien species in
GMNP was the Lomond River Trail. This trail had a high species richness of alien plants
along it (R = 11); the most common species found were Ranunculus repens and Tussilago

farfara. Along this trail, fens and semi-open black spruce which appeared undisturbed,
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contained high abundances of these species. The rare native plants, A/lium
schoenoprasum var. sibiricum and Cypripedium calceolus are growing along this trail in
close proximity to alien plants.

The Long Range and North Rim Traverses are un-designated hiking routes
crossing rivers and heavily disturbed moose and caribou trails in remote areas of GMNP.
No alien species were found to occur along them.

(B) Roadsides

Roadsides were the disturbance type with the highest diversity and abundance of
alien plant species (Tables 3 and 4; Figures 10, 11 and 12). Several of the alien species
present in GMNP were found only along roadsides, including Verbascum thapsus,
Medicago sativa, Silene cucubalus, and Pastinaca sativa (Tables 3 and 5).

The use of various hydro-seed mixtures to stabilize sections of road shoulders
after construction is very obvious as past and present day seed mixtures contain alien
plants. Past hydro-seed mixtures contained alien species from the families Poaceae and
Fabaceae, and these species persist in high numbers along all roadsides. The most
obvious species seen are Trifolium hybridum and Lotus corniculatus, both of which form
dense mats along some roadsides. One of the more recent seed mixtures (fall 1997) used
by Parks Canada in both GMNP and Terra Nova National Park 1s 40% Festuca rubra,
20% Poa compressa, 15% Festuca ovina, and 10% Agrostis stolonifera (R. Power, pers.
comm., November 1997). Hydro-seed mixtures were also used for the re-vegetation of

picnic areas and pits in GMNP.
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In addition to hydro-seed species another dominant species along road shoulders
1s Tussilago farfara. Survey results support Hendrickson (2000), which found Tussilago
farfara to be associated with limestone gravel along road shoulders.

(C) Pits (borrow /quarry sites)

There are at least 29 pits in or near GMNP (Meaney 1990). Most of these sites are
found within enclave communities of the park; only five pits occur within GMNP. All
pits contained a high richness and abundance of alien species (Table 4, Figures 10, 11,
and 12). The pit near Rocky Barachois Brook had the highest alien species richness (S =
31 species) anywhere in GMNP. Some of these species such as Dianthus armeria and
Crepis tectorum were not found in any other locations in GMNP.

(D) Domestic cut blocks

Clear cuts within GMNP were often found to contain several species of alien
plants (Table 3). In some clear cuts Ranunculus repens, Myosotis scorpiodes, Cirsium
arvense, and Tussilago farfara were found to form dense, almost mono-specific stands,
which contained low numbers of native species. Other alien species found in clear cuts
included Taraxacum officinale, several Hieracium spp., and Trifolium repens.

The age of a clear cut appeared to be correlated to the abundance of alien plants.
Very young (1 year old) or very old (> 30 years) clear cuts had an intact moss layer and
contained no alien species. Clear cuts which were 2 - 30 years old often had the canopy
layer removed and bare soil exposed and were found to contain alien species. For

example a 1 year old clear cut near Lomond contained an intact moss layer and no alien
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plant species. A 6 year old clear cut in this same area had more bare ground and 6
different alien plant species present.

Recent logging operations on the eastern boundary of GMNP are a large scale
disturbance adjacent to the park. Logging roads run over 40 kilometres from the
Hampden Highway to GMNP’s eastern boundary near Matty’s Pond. Older sections of
the road were found to contain Hieracium spp. for approximately the first 16 km, but as
the logging roads became younger and at the same time got closer to the park boundary,
no alien species were seen. The only other area in which alien species were seen on any
other section of the logging road was at the end of the road, very close to the park
boundary. At this site three Trifolium repens and one Achillea millefolium were found
growing. The presence of alien species on these recently constructed roads indicates that
these areas could act as foci from which alien plants have the potential to spread to
natural areas of GMNP.

(E) Snowmobile trails

Few snowmobile trails were examined within the park as these had been
characterized by Caissie (1999), but those examined in forested areas were found to
contain alien plant species. Snowmobiles trails were very wet and muddy in some areas
and found to contain high numbers of Ranunculus repens.

(F) Other anthropogenic disturbances
Although all past and present day human settlements contain a high diversity of

alien plants, the abandoned community of Lomond appeared to be particularly diverse (S
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= 31). Species present in this area but absent or rare in other areas of GMNP include
Medicago sativa, Medicago lupulina, Lythrum salicaria, Polygonum cuspidata,
Cichorium intybus, Bellis perennis, Aegopodium podagaria, Malva moschata,
Lysimachia punctata, and Arctium minus.

Disturbed sites such as campgrounds, garbage dumps, hydro-line corridors,
picnic areas, and interpretive sites contained alien plant assemblages similar to that of
roadsides. Garbage dumps are found both in the park and in enclave areas. Norris Point
dump i1s especially noteworthy because it contained alien plants such as Solanum
dulcamara, Capsella
bursa-pastoris, and Phalaris canariensis that were rarely or not found anywhere else in
GMNP (Table 5).

3.3.3 - Natural Disturbances

(A) Rivers

Rivers cause disturbance in all areas of GMNP. Alien species were found along
rivers in remote areas of the park, but generally the number of alien species found along
rivers decreased with distance from past or present human activity.

Different areas of the river were colonized by different alien plants. Gravel
longitudinal bars and river banks frequently contained Tussilago farfara. Slope failures
on the banks of some rivers (in particular Baker’s Brook) were found to contain 7. farfara
and Taraxacum officinale. Ranunculus repens and T. officinale were found on muddy

and/or grassy areas on many stream banks. Alder thickets along some streams were found
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to contain Cirsium arvense and R. repens. Other alien species found less frequently in
riparian areas included Lythrum salicaria, Trifolium repens, Lotus corniculatus,
Hieracium spp., Achillea millefolium, and Chrysanthemum leucanthemum (Table 3).

The rare plant Allium schoenoprasum var. sibiricum was found growing close to
alien plants in the estuaries of Lomond River and Deer Arm Brook. The Lomond River
also had the rare plant Cypripedium calceolus growing near alien species along its banks.

(B) Insect outbreaks

Insect outbreaks were a disturbance found throughout balsam fir forests of
GMNP. Several insect outbreaks in areas remote from human activity were found to
contain alien plants (Tables 3 and 4, Figure 10). Alien plants commonly found colonizing
insect outbreaks were Ranunculus repens, Hieracium spp., and Cirsium arvense.
Tussilago farfara, R. acris, and Myosotis scorpiodes were found to a lesser degree.

(C) Beavers

Alien plants were found to be associated with beaver dams in several areas of
GMNP. Beaver dams created several types of disturbance which were suitable for the
growth of alien plants. Areas upstream from beaver dams experienced disturbance by
flooding and these areas were colonized by alien plants after the flooding receded. Beaver
dams are a mixture of sticks and mud which were found to be suitable substrates for the
growth of alien plants. Sections of streams below beaver dams were found to have lower
water levels, and the exposed substrates in these areas were found to support alien plants.

Alien species found to be colonizing habitats disturbed by beavers were
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predominantly Tussilago farfara, and Ranunculus repens. Other species found colonizing
beaver disturbances in lesser numbers were Myosotis scorpioides, Ranunculus acris,
Lythrum salicaria, Hieracium spp., and Taraxacum officinale.
(D) Moose / caribou

Moose activity in the form of feces, trails, and browsing is obvious in all areas of
GMNP except the serpentine tablelands. Moose trampling coupled with other
disturbances such as insect outbreaks, clear cuts, hiking trails, pole lines and snowmobile
trails increased the size, severity, and frequency of disturbance in these areas.

Alien plants were found on moose trails in fens, forests, riparian areas, and alpine
meadows. Ranunculus repens was the most commonly found alien plant on moose trails
throughout GMNP. Ranunculus repens was most often found in wet and muddy trails,
where 1t would sometimes grow in dense numbers. In many cases Ranunculus repens was
found 1n areas with low light conditions. Other species commonly found along moose
trails in GMNP were Tussilago farfara, Hieracium spp., and Taraxacum officinale.

Trampling by caribou also created trails and exposed soil in some areas. Many
well developed caribou trails are obvious in alpine heath vegetation but none of these
trails were found to contain alien plant species. Ranunculus repens, Hieracium
aurantiacum, H. pratense, and H. pilosella were found growing on caribou / moose trails
in alpine meadows on the south-facing slopes of Big Hill and Kildevil Mountain.

(E) Wind

Disturbance by wind influenced sand dunes and some forested areas. Sand dunes
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are continuously disturbed by wind. Exposed areas of the dunes lacked alien vegetation,
but areas sheltered from the wind harboured small numbers of Taraxacum officinale.
These areas were often valleys in the sand dunes where organic matter accumulates.

Blow-downs in forested areas near the Snug Harbour area of Western Brook Pond
were colonized by alien species. Species found in the area included Ranunculus repens
and Cirsium arvense. Wind disturbance was also important to alien plants in GMNP
because it increased the impacts of insect outbreaks in forest areas by blowing down
standing dead or damaged trees, further opening the tree canopy of the area.

3.3.4 - Native Species of Disturbed Areas

Native species which colonized anthropogenic and natural disturbances included
Fragaria virginiana, Solidago rugosa, Anaphalis margaritacea, Epilobium
angustifolium, several Aster spp., Equisetum spp., Sanguisorba canadensis, Alnus rugosa,
Euphrasia spp., Heracleum maximum, Typha latifolia, Rubus idaeus, and Dryopteris
spinulosa var. americana. Heracleum maximum 1s a large plant that forms dense stands in
some roadside areas, shading out other plant species. Areas of low human activity away
from road sides were not found to have dense stands of Heracleum maximum. Another
species to note is 7ypha latifolia, which is found in several locations along wet roadsides
in GMNP. The origin of 7. latifolia is questionable in Newfoundland, and this species has
been found to be invasive to wetland areas in other native regions of North America

(Thompson et al. 1987).
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3.4 - Discussion

3.4.1 - Anthropogenic Disturbances as Sources for Invasion of Natural Areas

Consistent with other studies, the present surveys found highly disturbed areas
close to anthropogenic activity contained a high diversity and abundance of alien plants
(Fox and Fox 1986; Mooney and Drake 1986; Drake et al. 1989; Schwartz 1996;
Stohlgren et al.1999a). However, areas of greatest concern in GMNP are “natural areas”
which are remote from high human activity. Surveys confirmed that disturbances remote
from high anthropogenic activity such as rivers, insect outbreaks, moose trails, beaver
dams, and clear cuts in GMNP have been invaded by some alien plant species. Alien
species found in remote areas of GMNP were also abundant in disturbed areas of high
anthropogenic activity, suggesting that disturbances such as roadsides and settlements are
acting as sources of reproductive propagules from which alien species can be dispersed to
natural areas of GMNP.

The persistence of alien plants in areas no longer experiencing disturbance such as
abandoned pits, communities, and road beds 1s evidence that alien species can remain in
an area long after a disturbance has passed (Brandt and Rickard 1994), and continue to
act as foci for alien plant dispersal for long periods of time. Long residence times of alien
plants in GMNP are also a concern because even 1if they are not invading natural areas at
present, conditions may change which will allow them to become invasive in the future.
Alien plants present in vegetation are usually present in the seed bank (Tsuyuzaki and

Kanda 1996), and the extent to which alien plants persist in the seed bank in GMNP
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should be examined further.

Roads are the most serious anthropogenic disturbance occurring in GMNP
because they were associated with a high diversity and abundance of alien species, and
because they act as sources for alien seed production over large areas (Tyser and Worley
1992). Roadsides in many national parks have been found to be sources for alien plant
species (Tyser and Worley 1992; Parks Canada Agency 2000). Continuous disturbance
along roads ensures persistence of alien species (Tyser and Worley 1992), unless replaced
by native species with appropriate life history characteristics (Baker 1965).

The use of soil or gravel in road construction and maintenance from pits colonized
by alien plants facilitates their spread (Hendrickson 2000). The high abundance of
Tussilago farfara along many roadsides in GMNP 1s thought to have resulted from using
gravel for road constructio.n containing propagules of the species (Hendrickson 2000).
Active pits in GMNP were found to contain alien species not found anywhere else in the
park, and gravel distributed throughout the park could facilitate their spread.

The use of hydro-seed mixtures containing alien species to stabilize roadsides and
other disturbances further increases the spread of alien species in GMNP. Lotus
corniculatus, Vicia cracca, Trifolium repens, T. agarium, T. hybridum, T. pratense, and
Medicago lupulina are particularly noticeable species that have been spread by hydro-
seeding. These species are members of the family Fabaceae and are nitrogen fixing
plants. Nitrogen-fixing plants may alter trophic structure, inhibit colonization of native

species, facilitate the invasion of other alien species, and alter litter quality (Maron and
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Connors 1996; Vitousek 1990).

Alien species found to have low abundances and limited distributions in GMNP
should be monitored or removed to ensure that they do not become more widespread. If
uncommon alien species of GMNP become better established in areas of anthropogenic
activity, the potential for these species to spread to remote disturbances in the park
Increases.

3.4.2 - Conduits to Invasion of Natural Areas (Dispersal Vectors)

Moose and hiking trails appeared to act as the primary conduits dispersing alien
plants into natural areas of GMNP. Moose and hiking trails are corridors into natural
areas that continually remain disturbed due to trampling (Cole 1981; Hall and Kuss 1989;
Benninger-Traux et al. 1992). Once alien plants colonize these trails, they can gradually
spread to other areas on or near this corridor of disturbance (Benninger-Traux et al.
1992). It is suspected that moose are dispersing alien plant propagules to remote
disturbances away from trails in their hair and hooves, and in feces. Dispersal of alien
species along trails by horses occurs in several areas (Benninger-Traux et al. 1992, Tyser
and Worley 1992; Larson et al. 2001) and a similar means of dispersal by moose may
occur in GMNP. Accidental dispersal of seeds along trails on clothing and footwear of
hikers may also be spreading alien plants (Cole 1981). The introduction of ‘foreign’ soil
or boardwalks along some hiking trails is also a means of dispersal (Hendrickson 2000).

Moose also contribute to alien plant invasion by trampling other disturbed areas

such as insect outbreaks, snowmobile trails, clear cuts, and rivers, increasing the degree
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of disturbance in these areas. Over-browsing of balsam fir and deciduous trees by moose
within insect outbreaks and clear cuts delays recovery of these areas from disturbance,
prolonging the time period in which alien plants can colonize and remain in these areas.

Rivers also act as corridors to alien plant invasion in some areas of GMNP. These
areas are favorable for alien species because they are generally productive sites which are
high in nutrients and light, and because they experience various degrees of hydrological
disturbance from water level fluctuations (Pysek and Prach 1993; Planty-Tabacchi et al.
1996; Stohlgren et al. 1998).

Although many alien species had effective wind dispersal mechanisms, varied
topography and dense forests are likely barriers to long distance wind dispersal of alien
species iIn GMNP (Brothers and Spingarn 1992; Wiser et al. 1998).

3.4.3 - Vegetation Types Associated with Alien Plant Establishment

Once an alien species is dispersed to an area, site characteristics are most limiting
to invasion success (Wiser et al. 1998). Vegetation type strongly influenced species
establishment. Disturbances in forest, riparian, alpine meadow, and fen vegetation types
in GMNP were colonized by alien plants. In all of these vegetation types alien species
were found in areas with bare ground and available light. Areas with bare ground are
beneficial to alien plants because these areas have open space and decreased competition
for resources (Burke and Grime 1996). Light 1s considered one of the resources most
limiting to invasion of forested areas (Vitousek 1985; Brothers and Spingarn 1992,

Hutchinson and Vankat 1997), and alien species in forested areas of GMNP were only
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found 1n areas where disturbance opened the tree canopy. An exception to this was the
alien species Ranunculus repens, which was observed in areas of relatively low light on
several occasions. Alpine meadows, fens, and river banks have open canopies and do not
require disturbance to increase light availability. Increases in bare ground and light can
also cause changes in less easily observable environmental conditions such as soil pH,
nutrient availability, moisture, and temperature (Vitousek 1985). Although areas of bog
and alpine heath vegetation were found to contain bare ground and open canopies, these
areas were not invaded by alien plants. Other environmental factors such as low nutrient
availability and acidic soil conditions which are generally associated with bog and heath
environments (Jonasson 1999; Elliot-Fisk 2000) may constrain alien plant invasion in
these areas.

Forests are important because they are the largest vegetation type occurring within
GMNP. Forests are particularly susceptible to alien plant establishment because they are
generally close to high human activity, and several types of disturbance in these areas are
colonized by alien species. Riparian zones are valuable regions of all ecosystems because
they are productive sites with high species diversity (Stohlgren et al. 1998). The presence
of high number of alien plants in these rich areas of continuous disturbance may be
threatening native bio-diversity in some riparian zones of GMNP. Fen and alpine
meadows are vegetation types present in only a few areas of GMNP. The rarity of these
habitats in GMNP means that threats to these vegetation types by alien plants 1s of

particular concern.
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Alien plants growing in close proximity to rare plants in alpine meadow, fen, and
riparian vegetation types in GMNP are a concern because they may threaten these rare
species. For this reason alien plants in these areas should be monitored.

The distribution of alien plants in many areas of GMNP corresponded with
limestone or limestone conglomerate. Areas of limestone bedrock in western
Newfoundland have higher soil pH than the more acid soils found on the remainder of the
Island allowing more favorable growing conditions for many alien plants (Roberts 1983,
Brouillet (pers. comm.1999). Limestone bedrock has been found to contribute to alien
invasion in other areas of eastern Canada where the presence of limestone bedrock 1s
allowing invasion of Alliaria petiolata (Haber 1996; Parks Canada Agency 2000).

3.4.4 - Relationship of Boreal Ecosystems and Alien Plants in GMNP

Disturbance is an integral and natural process in boreal ecosystems (Elliot-Fisk
2000), indicating that habitat openings for alien plants will continue to occur in suitable
vegetation types in GMNP. Anthropogenic disturbances occurring in remote areas of
GMNP serve to increase the number of habitat openings in GMNP.

Although disturbed areas may recover to pre-disturbance conditions over long
time periods thereby eliminating alien plants from a particular area (Rose 1998), new
disturbances such as insect outbreaks and windfalls are continually being created in
GMNP. The persistence of alien plants in areas of high anthropogenic activity for long
periods of time and the ability of conduits to successfully disperse alien plant

reproductive propagules to remote areas of GMNP mean that disturbed areas suitable for
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the establishment of alien plants will continue to be invaded in the future. Some natural
habitats such as river channels and moose trails are continually being naturally disturbed.
Once alien plants become established in these areas they may be able to persist
indefinitely.

Alien plant invasion into remote areas of GMNP is likely to increase in the future.
At present, propagules of alien plants colonizing remote areas of GMNP appear to be
dispersed primarily from disturbed areas of high anthropogenic activity. As alien plants
become more established 1n remote disturbances of GMNP, they may act as foci from
which alien plants can spread to other disturbed areas, decreasing the dispersal distance
for invasion of disturbances in remote areas of GMNP (Stohlgren et al. 1998; Wiser et al.
1998). Some rivers, clear cuts, and moose trails in GMNP were found to contain high
numbers of alien plant species, and these areas may already be acting as foci.

Changes induced by alien species which are likely occurring in GMNP at present
include alteration of disturbance regimes, changes in resource availability, and reduction
of native species. In forested areas disturbance regimes may be altered by the presence of
mono-specific stands of Cirsium arvense, Tussilago farfara, and Ranunculus repens.
These species may be delaying recovery after disturbance by slowing the establishment of
balsam fir or deciduous species in disturbed areas such as clear cuts and insect outbreaks.
Species which form mono-specific stands after natural or anthropogenic disturbances may
influence resource availability because the litter produced from these species have

chemical ratios, decomposition rates, and nutrient immobilization which are different
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from native plant litter. For example, native evergreen tree species of boreal regions have
chemical ratios which contribute to acidic soils with slow decomposition rates and low
nutrient availability (Pastor and Mladenoff 1992). In areas where native evergreen species
such as balsam fir are replaced by non-coniferous alien species, soil properties may be
altered.

Alien species present in natural disturbances of riparian, forest, fen, and alpine
meadow vegetation types may be replacing native species which normally colonize these
disturbances. As no previous baseline data has been collected for these areas, little is
known about the consequences of altering the succession of species after disturbance in
these vegetation types. In other areas alien species have been found to alter ecosystems by
increasing or decreasing erosion, decreasing pollination of native plants, altering forage
quality, displacing fauna, and altering abundances of soil invertebrates ( Thompson et al.
1987; D’ Antonio and Vitousek 1992; Mosquin 1997; Kourtev et al. 1998).

No published research has examined the distribution and abundance of alien
plants in remote areas of boreal ecosystems until this study. The use of surveys to obtain
baseline information on boreal ecosystems found that alien species can successfully
colonize and grow in disturbed areas remote from human activity. Further study on the
influence of alien plants on ecosystem properties and native species 1s required to
determine if alien plants are having measurable impacts on boreal ecosystems. Alien
plants should be monitored in GMNP so that changes in the distribution of alien plants

can be evaluated in the future.
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Chapter 4 - Factors influencing Alien Plant Invasion in GMNP

4.1 - Introduction

It 1s well documented that disturbance increases resource availability and habitat
openings, allowing alien plant invasion to occur (Fox and Fox 1986; Carson and Pickett 1990;
Burke and Grime 1996; Stohlgren et al.1999a). In boreal ecosystems no published research has
examined the influence of disturbance on alien plant invasion. In order to assess the importance
of disturbance in boreal ecosystems, this chapter determines how environmental conditions and
the community structure of alien plants change as a function of disturbance regime. This study
predicts that resources available for alien plants will increase with the degree of disturbance in
GMNP. Areas with high levels of disturbance will contain the greatest percentage of alien plants
because many alien plants have adaptations that allow them to withstand the effects of
disturbance and out-compete native species for space or other resources (Baker 1965; Grime
1979; Bazzaz 1983). The greatest diversity of alien and native species will occur in areas of
intermediate disturbance regime because these areas have a diversity of environmental conditions
that allow early and late successional species to co-exist (Connell 1978). The majority of alien
species will not be associated with any particular disturbance regime because most alien species
are adapted to capitalize on a variety of disturbance types by being plastic and widely distributed
(Baker 1974; Bazzaz 1983). It is predicted that undisturbed areas of GMNP will not be invaded
by alien plants because habitat openings and resource availability in boreal ecosystems are
limited due to sub-optimal growing conditions such as dense evergreen forest canopies which

limit light availability, and forest soils that have low soil pH and nutrient availability (Shugart et
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al. 1992; Elliot-Fisk 2000).

Many environmental conditions change with disturbance (White and Harrod 1997), but
not all of these changes may be important for alien plant invasion. Therefore, environmental
parameters that limit the establishment of alien plant species in GMNP will be determined.
Environmental parameters found important to alien plants in other studies include light
availability, bare ground, soil pH, and nutrients (Burke and Grime 1996; Maron and Connors
1996; Hutchinson and Vankat 1997; Stohlgren et al. 1998; 1999a; 1999b). These parameters are
also predicted to limit the distribution of alien plants in GMNP.

Alien species present in GMNP that are restricted to disturbances near human activity are
of less concern than species that are able to colonize natural disturbances remote from
anthropogenic activity because the latter species may alter ecosystem function and displace
native species in otherwise pristine habitats (Vitousek 1990). Individual species life history
characteristics which influence establishment and persistence may contribute to alien plant
invasion of remote areas in GMNP. Functional characteristics that differ between alien species
successful and unsuccessful at colonizing remote disturbances in GMNP were examined to
determine alien plant attributes important to invasion success of natural areas. Plant functional
characteristics predicted to contribute to invasion success of remote areas include animal and
water dispersal mechanisms, vegetative reproduction, large seed size, and tall perennial life
forms. Dispersal by animals or water has been found to contribute to alien plant invasion in
other areas (Pysek and Preach 1993; Rejamanek 1996) and may be the best means of dispersal

into remote areas of GMNP. Forests act as a barrier to alien plant wind dispersal (Brothers and
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Spingarn 1992) indicating that this means of dispersal may not contribute to invasive ability in
GMNP. Vegetative reproduction, perennial life form, and large seed size are plant characteristics
which increase competitive ability in boreal ecosystems because these traits are useful for
establishment and persistence in dense vegetation (MclIntyre et al. 1995; Pysek et al. 1995; Burke
and Grime 1996; Reymanek 1996). Life-forms that are tall or spread along the ground increase

competitive ability because they out-compete other plants for space or resources.
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4.2 - Material and Methods

4.2.1 - Study Site Selection

Study sites were chosen to represent the spectrum of disturbance types within each
dominant vegetation type based on the distribution/location of alien plants identified during
surveying (Chapter 3; Table 6, Figure 9). Definition of vegetation types, environmental
characteristics, and location codes are give in Appendix 1. Study site descriptions and locations
are given in Appendix 4.

Disturbance types examined included anthropogenic (e.g., roads, clear cuts, pits) and
natural (rivers, insect outbreaks, windfalls, moose) disturbance (Table 6). Study sites often
represented more than one type of disturbance, as some disturbances such as moose and past
human activity often overlapped with other disturbances.

The highest number of study sites occurred in forests because they represent the greatest
area of vegetation in GMNP and because they contained more disturbance types than any other
vegetation type (Table 6). Although heath-lichen tundra also represents a high percentage of area
in GMNP, few study sites were established 1n these areas because surveys did not detect the
presence of alien plant species (Table 6).

All of the study sites chosen occurred on the western side of GMNP (Figure 13). This is
due to the fact that all of the vegetation and disturbance types found to contain alien species
occurred on the western side or on top of the Long Range Mountains.

4.2.2 - Sampling Design

Site characteristics such as vegetation, drainage, aspect, slope, and elevation were
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Some study sites occurred in more than one vegetation type. Description of vegetation types given in Appendix 1.
** 9% Area of Vegetation Types from Taylor (1995). N/A = Not Applicable

Table 6: Vegetation Types of GMNP in which Representative Study Sites were Established

Disturbance Types Observed Within Each Vegetation Type

Anthropogenic Natural
% Area of Roads Pits Hiking Snowmobile Clearcuts Pastures Windfalls Beavers Moose River
Vegetation Types* GMNP** Trails Trails and Channels Number of
Caribou Study Sites
Balsam fir forest, 43% Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 28
and Black Spruce
forest and scrub
Riverain Thicket Less than 1% No No Yes Yes N/A No N/A No Yes Yes 6
and Meadow (also
includes river banks
not classified by
Berger et al. 1992)

Tuckamore 13% Yes No Yes Yes N/A Yes Yes No Yes Yes 3
Sphagnum Bog 4% Yes No Yes Yes N/A No N/A No Yes Yes 2
Alpine Meadow Not classified No No No No N/A No N/A No Yes No 2

(south facing slopes  as a vegetation
on Big Hill and type (< 1%)
Kildevil Mt. )
Heath-Lichen 23% No No Yes Yes N/A No N/A No Yes Yes 2
Tundra
Sedge Fen and Bog 5% No No Yes ? N/A No N/A No Yes Yes 1
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recorded at each study site location. Vegetation was sampled using 1 m wide transects of
varying lengths extending from disturbed to undisturbed areas. The size of the
disturbance determined transect length and number of replicates carried out at each study
site. The spacing of 1 m* quadrats along each transect was dependent on transect length
and vegetation heterogeneity. Quadrats were generally spaced 2 m to 5 m apart in
disturbances large in size, and were abutting or spaced 1 m apart in small disturbances.

Within each quadrat, the vegetation cover of each plant species was estimated to
the nearest percent, along with other quadrat characteristics such as percentage of bare
ground, light availability, cover of woody debris or leaf litter, and animal disturbance.
Vegetation cover values were given for plant species at the ground-level. This may mean
that the significance of upright herbs, shrubs, or trees is under-represented compared to
mosses and trailing or low lying vegetation. Light availability measurements and
substrate samples were collected from all transects.

4.2.3 - Classification of Disturbance Regimes

In order to evaluate how the ecology of alien plants was influenced by
disturbance, each quadrat within each study site was given a qualitative ranking for
disturbance regime. High, medium, low, and undisturbed categories were used to classify
the degree of disturbance (definitions of each cate<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>