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Abstract

The invasion of the ian weed foot ( i farfara L.) in Gros Morne
National Park (GMNP), was ined to ine which

ch ing dif enabled i i levels
were in 17 di types of natural and ic origin — notably
hiking trails, roads, gravel quarries, shorelines, slopes, hydro corridors and insect
kills — and across a gradient from di to undi in12 ion types.

Balsam fir forest comprises 36 percent of the park and has the highest number of
disturbance types.

Di ing were ized by a pH of 6.8-8.3, high
light intensity, increased bare ground, absence of duff cover and moist, gravelly

substrates. These resource levels were typical of both natural and anthropogenic
disturbances in which the canopy and duff cover were absent, and the pH of acidic
native soils had been raised by the addition of quarried limestone or granitic gravel.
These represent resource shifts or amplifications relative to undisturbed vegetation
types in which coltsfoot was absent.

The difference in resource levels across the disturbance gradient indicates

that coltsfoot is unal coloni; native ion. Likewise, a change
in resource levels over time, which favours other spedos and is unsuitable for
coltsfoot, appears to be the of s

Coltsfoot is subject to grazing by other species, indicating its success in GMNP
is not entirely a function of its escape from Oid World predators, as is often thought
to be the case for other invasives.

Elevation was not a limiting factor for coltsfootin GMNP as it was found to be on



the Gaspé Peninsula where it does not occur in elevations greater than 150 m asl.
Where coltsfoot occurs at high altitudes it is found on all exposures, so that aspectis
notafactorin ing the climati ges that

Not all disturbance types present levels for coltsf

. H levels i with some disturbance types
of anthropogenic origin indicate that park activities have played an important role in
the invasion of coltsfoot in GMNP. Gravel of neutral to basic pH provided a medium
for rhizome dispersal during the road and trail construction phase of the park from
the late 1970s to mid 1980s. Redistribution of gravel allowed coltsfoot, a calciphile
limited by low pH, to obtain exponential population growth over a relatively short

period of time.

I p achangein from historic levels that accompanies
certain disturbance types. In chronic (; ) di i with
roadsides and streams, foot may persisti itely. However, if native
communities are not subj to di that prodi
levels for coltsfoot, the biodiversity of native ion and the fauna that depend

upon it, are not threatened.
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1. Introduction

The conspicuous proliferation of the exotic weed coltsfoot (Tussilago farfara L.)
along roadsides in Gros Morne National Park on the west coast of insular
Newfoundland (Fig. 1.1; Fig.1.2, Appendix I), has occurred only since 1973 when
the park opened to the public (Bouchard et al. 1978). It occurs nowhere else in

in such it pt from south of the park to Channel-Port aux
Basques (personal observation), the location of the ferry terminal from Nova Scotia
(Fig. 1.2). Coltsfoot has not been reported elsewhere as a prolific weed in a natural

Theil i alien into natural areas often native bi
diversity by outcompeting native plants and dominating natural habitats (White et
al. 1983). Invasion affects native sp atth ion level, and at i
level, so that changes occur in th indivi andinthe ition of
all speciesinthe type. Invasion may. trophi affecting
the fauna that depend on i i for food and shelter
(MacDonald et al. 1989).

Addressing the threat to the ition of shri natural
areas has fueled research on the biology and mancgement of invasive species

(White et al. 1993). The maintenance of ecological integrity is the paramount
principle guiding all national parks in Canada (Parks Canada 1996; Woodley 1996).
The definition of ecological integrity has been extensively discussed by other authors
[\ y et al. 1993; y 1996; Dep: of Canadian Heritage 1996).
Parks Canada has defined ecological integrity as “a condition where the structure
and function of an ecosystem are unimpaired by stresses induced by human activity
and are likely to persist.” (Department of Canadian Heritage 1996, p. 21).
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Figure 1.1. Gros Morne National Park in the Atlantic Region of Canada.
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Gros Morne National Park (GMNP) has developed an Ecosystem
Conservation Plan to address issues of ecological integrity in the park (Parks Canada
1996). The preservation of native diversity and the assessment of the ecological
impact of non-native species in the park are two of the ten objectives stated in the
plan. Research into the invasion of colitsfoot clearly falls into these management
objectives.

The primary objective of this thesis is to identify the resource changes caused

by dit thatenable the of and by doing so evaluate
coltsfoot's impact on native vegetation communities in GMNP. Other research
jectives, as well as terms used in this study, are presented

in Chapter 2, “Background and Literature Review”".
Chapter 3 provides the reader with a biophysical description of the study
area and previous surveys of park flora. Specifically, the scarcity of coltsfoot in the

park area before it was opened to the public i The spread of coltsfoot

was found to be i with the lion and i of the park
infrastructure, and so the history of this and and maintaini
roads, quarries and hiking trails are also set out in Chapter 3.

Fieldwork for this study was undertaken from August 7-29, 1997. Field
methods for gathering data, along with the statistical tests used to analyze the data,
are presented in Chapter 4. The results of data analysis are found in Chapter 5.

Chapter 6 revisits the objectives in light of the statistical analysis, and
discusses the degree to which coltsfoot poses a threat to ecological integrity in
GMNP. Finally, the contributions of this study to the body of literature on coltsfoot in
particular, and invasion in general, are presented, along with suggestions for further
work.




2.B dandlL Review

2.1 Introduction
This chapter sets out and defines many of the key terms used in this study and
situates this within the The specific jectives of this
study are presented first in this chapter.
The conditions of coltsfoot’s distribution beyond GMNP are presented to
what might be from park ions based on its occurrence
The biology of coltsfo and for hysical
parameters, and its interaction with other biota are reviewed. This background
material suggests the opportunities and constraints within which invasion has
occurred in GMNP.
Next, this study is situated within the body of li
and weed research in general. The terms “weed", “invasion”, and “invasive” will be
discussed and defined. One of the differences between invasive plants and weeds
is the degree to which invasion is viewed as a consequence of disturbance. How
i is defined by other and the i i around
which this study pivots, are presented.

2.2 Objectives
The primary objective of thi y
with coltsfoot abundance in GMNP. Broadly defined, a resource is an environmental
used by a living org: (Smith 1992). The specific resources measured
are active ion (PAR), soil moi PH, type,
percent bare ground and duff cover.
The results are then used to address more specific research objectives. Does




coltsfoot threaten native diversity in GMNP by ing undisturbx ion types?
If there is no significant difference in levels and

sites, then i native ion may present conditions that

are favourable to coltsfoot colonization. Whether or not vegetation types at higher
elevations are immune to coltsfoot colonization is also addressed.

Coltsfoot is a weak itor and

p ions recede as
progresses from an initial di I the ism for species

replacement is undetermined, and has not been analyzed entirely as a function of

ges over time. A signif difference in levels b
and undi sites indi whether shifts occur over time
that are unsuitable for coltsfoot. Whether or noti ific competition
to the ion of coltsfoot is also
Is invasion related to park ities, given th ion of coltsfoot
since the establishment of the park? The levels of i

types of anthropogenic and natural origin will be compared to those found to be
correlated with coltsfoot invasion. This will help to identify which, if any, activities
with the park have i to the invasion of coitsfoot.

2.3 The conditions of coltsfoot distribution beyond GMNP
Coltsfoot is native to northern Europe and Asia (Gleason 1968, Myerscough and
1965), i from the British Isles to Siberia, northwards
from the Himalayas to within the Arctic Circle (Myerscough and Whitehead 1965)
and as far south as Italy in Europe and Iran in Asia (Holm et al. 1979).
Coltsfootis listed as either common or present, but not as a serious or principal
agricultural weed, in the countries in which it is found (Holm et al. 1979). it has been
listed in the floras of Nova Scotia, Quebec, New Jersey, Pennsyivania, West Virginia,




Ontario, Minnesota (Gleason 1968) and [( and L

1992)(Fig. 2.1), but populations in Canada and the United States have not been
extensive or harmful enough to have drawn research interest, with the exception of
Waltz's (1962) study of foot on the Gaspé

In Eurasia, where coltsfoot is native, it has been noted as a colonizing species
of natural areas. Coltsfoot, in association with Equisetum arvense, has been noted
on post-glacial shorelines (Englund 1942) and part of the early successional
community in birch-fir and beech forests in Germany (Meusel 1943). It was also
found in Germany in the muddy sand of protected shorelines (Steubing 1948) and
asa izer of cliffs in Sweden (| 1969). Coltsfoot is therefore
likely to be found in GMNP as a colonizing species of forests, shorelines and active
slopes.

In its native range, coltsfoot is equally able to colonize anthropogenic and

natural disturbances. Its ecological value is in its ability to colonize severely
contaminated areas, such as mine tailings from ores and ametallic raw materials
(Pysek 1988), mercury dumps (Korshikov et al. 1994), and red mud created as a

Yp of i p ing (Terpo and Balint 1985). Some researchers have
explored the potential of using coltsfoot to rehabilitate degraded sites (Ploeg 1950;
Salesbury 1943; Seraya and Komov 1972; Namura-Ochalska 1987, 1988, 1989,
1993a, 1993b, 1993c). Melhuish et al. (1987), for example, preferred coltsfoot to
grass as a companion species in the reforestation of strip mines because it has
been proven to be less competitive, and is able to take advantage of low nutrient

sites with poor soil aeration.

On the Gaspé Peninsula in Canada, Waltz (1962) correlated the location of
coltsfoot with topography, climate, edaphic conditions and disturbance origins. Its
distribution along coastal areas and atthe mouths of rivers is similar to the distribution
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Figure 2.1. Locations of coltsfoot (Tussilago farfara L.) based on herbarium
specimens and literature citations. ('Rouleau and Lamoureux 1992, ‘Cooper 1981,
*White 1994, ‘Rose 1998)



of coltsfoot in Nova Scotia. While his study included sites of obvious anthropogenic
such as waste areas, it also included areas considered
tobe y di such i and iti banks and gravel bars
of streams, and talus slopes. He aiso noted that road building created microhabitats
and soil structure to i in this region. These
anthropogenic and natural disturbance types are similar to the habitats in which
coltsfoot is found in GMNP, i its on
Coltsfoot has been described as a common element in snowpatch vegetation
in Europe (Ogden 1974) and has been studied at elevations of 2180 m as! in the
Alps (Gerola 1940) and 1050 m asl in F y and
Whitehead 1967). In the Gaspé region of Canada, however, with a climate similar to
Newfoundland, coltsfoot was not found above ca. 150 m (Waltz 1962). Coltsfoot
may, therefore, be limited in GMNP as it appears to be on the Gaspé by the climatic

with
2.4 Biology of coltsfoot
cmmmmmmm and clonally
through the ion or of has mostly focused on
specific upper and lower limits of sui conditions for
such as light levels, pH, diasp gevi and suitable

substrates. Less is known about the absolute limits of these factors on clonal
reproduction (references listed in Table 2.1). Temperature requirements for
germination are apparently high - 30°C, and “strongly intermittent 10 - 28°C" (Bakker
1960). The precise i of “strongly was not by the
author, butis ly minimum and Diaspore
viability is short: reduced viability after 2 months, totally inviable at 5 months (Namura-




Table 2.1. Comparison of limiting conditions for sexual and vegetative
reproduction of coltsfoot.

‘competitive ability

average 100 m; as far as 4 km (Bakker
1960)

Condition Rhizomes
light seedlings die if light intensity below development of rhizomes in 8 weeks
at60-70% | (Bakker 1960) produces shade leaves
stunted below 10uEm? | with decreased light intensities: de-
", 8t 80 uE m? s development of crease in leaf sze at very low
(<3 intensities (Namura-Ochaiska 1988,
Myerscough and Whitehead 1967). No
absolute
PH 4.0-10, “neutral to unknown
and 1965);
Optimum pH 6.0-7.0 (Myerscough and
1967).
solls humus, potting soil, sand-ioam, mature plants found on medium to
soil, sand, sand and gravel and clay | rough soil structure on stone and
loam. Prefers humus and loam | pebbles mixed with clay and lime soils
(Namura-Ochalska 1987, 1993c) (Waltz 1962); heavy loam, medium to
coarse sand (I ura-Ochalska 198’
muddy sand (Steubing 1948); sandy
sludge dumps (Ploeg 1950) mine
tailings from ores
(Pysek  1988)
dumps (Korshikov ef al. 1994); red
created as a
(Terpo and Balint
1985); milled over peat bogs (Curran
and Macnaeidhe 1986); moist ash
(Seraya 1972); moist clay banks
1980); and limestone
rubble, chak talus, and
seepage fens (Myerscough
and Whitehead 1965).
‘soll moisture needs surface moisture to germinate, | good to intermittent drainage.
intolerant of ay conditions (Bakker | 1962); moist, heavy soils (Montgomery
1960); intolerant of dry soil (Namura- | 1964)
— Nl .
propagule viability reduced viabilty after 2 months, | will continue 1o
inviable at 5 months (Namura- h1~3°C 1”1
4 temperatures (L-m )
‘propagule production | 1000-8000 seeds, as high as 20,000 | mean ‘on hizomes of 2
(Bakker 1 year old plants - 102 (Ogden 1974)
depth of “seeding” | not > 2 cm (Namura-Ochaiska 1987) | 12 cm with fragments 4-5 cm (Namura-
Ochaiska  (1983c).  approximately
to the length of the
fragment (Leuchs 1961)
dispersal distance

ploneer of disturbed ground (Bakker
1960; Namura-Ochalska 1987, 1993c;
Myerscough and Whitehead 1965)




Ochalska 1987). However, even given the short viability time and temperature
requirements, germination is rapid and highly successful under optimum conditions:
one hundred percent within 48 hours when sown on the moist surface of humus,

potting soil and d-1 ( O 1987). g
p on s | ive to light and (Leuchs 1961) it may overcome
some of the factors limiting i by di
2.4.1 Veg p of
Coltsfoot is superbly adapted to clonal rep ion through the of brittle
that can occur during soil dit and Benton 1979; Namura-
Ochalska 1993b, 1993c; Leuchs 1961), although Ogden (1974) also reported the
P ion of rhi ing. Namur-Ochalsk:
(1993¢) and Leuchs (1961) have si the and burial of
inagri ituations. In N: & 3 g P

of different ages (young white fragments, old brown woody fragments) with one
node were buried at different densities and depths. The emergence from rhizomes
was intense in the first year of growth, with each single node giving rise to shoots
and underground organs, followed by an increase in cover (Namura-Ochalska
1993b). Rhizomes can continue to grow during frost-free weather at temperatures
of 2t0 3° C (Leuchs 1961). In Ontario, flowering shoots were observed in April from
unrooted rhizome on topsoil iled the p! fall

observation).

Radial expansion of rhizomes from a seedling canextendupto 2.5 mto3.5m
in the second year (Bakker 1960; Ogden 1974). Ogden (1974) has observed a
‘mean number of 102 nodes per plant after 2 years, so the potential for an abundance
of new clones ing rhizome ion is high. Thy new shoots,

1



however, is limited by the depth of burial. Leuchs (1961) reported the vigour of
shoot growth from a rhizome i to the length of
the and in N O 's (1993¢) i buried 4-5 cm
segments did not emerge from depths greater than 12 cm. Mature, woody rhizomes

p three times than young rhi Ochalska
1993c), and at all densities and depths, the below-ground biomass was equal to or
greater than that above ground. In Leuchs' (1961) work rhizomes of an unspecified
length buried at 75 cm below compost soil in September had grown to the surface
by the ing March. Rhi; the soil to a depth of 16 cm or less the

first year, but to much greater depths in the second.

24.2 M to
Coltsfoot is not only well adapted to clonal and sexual reproduction following
but have aiso that

enable mature plants to withstand changing soil levels. These include rhizome buds
at various depths; the emergence of vegetative shoots less than a few millimeters
above the soil to avoid and Whi 1967); and

in the location of the flower bud above or below the soil surface (Waltz 1962).
Namura-Ochalska (1993b) has observed the elongation of flower stems after burial
if they are not broken. C ofthe brought

about by disturbance, and its ability to withstand changing substrate levels

frequent di gives it a competitive advantage over other

species. Disturbance that mitigates competition and promotes clonal reproduction
is y for the persi: of coltsfoot (Namura-Ochalska 1993a).

Coltsfoot's reproductive shoots, vegetative shoots, and perennating structures

- the rhizomes - are spatially and temporally separated (Ogden 1974). A ramet of

12



the parent plant exists in the first year as a rhizome, in the second as a vegetative
shoot, and in the third as a reproductive shoot which dies and vacates the location
of the previous two year's growth (Ogden 1974). Coltsfoot is not stationary in the
usual sense of perennials and the vigour of an individual ramet cannot be measured
from year to year. of coltsfoot is largely a function of rhizome
expansion and the vigour of the vegetative shoots in one particular year in a precise
location.

243 The of

Coltsfoot is a weak as progt ona site. While
the mechanism for its replacement by other species has not been proven decisively,
the following review shows that it has been seen as a function either of interspecies
competition for unspecified below-ground resources, or for light.

Coltsfoot was i from fallow fields in four years by
competition from if Ag Dactylis

(Namura-Ochalska 1988, 1989). Namura-Ochaiska (1988) interprets the competition
as occurring below ground due to the dense sod produced by the two grasses
through which coltsfoot rhizomes are unable to penetrate. In densely sodded plots,
rhizomes grow deeper and vegetative shoots emerge; however Namura-Ochalska
(1993a) regards this as an expensive strategy where more energy is allocated to
rhizome rather than leaf or flower i g in the eventual ion of

the population.

Other research does not agree on the effect of low light levels on the
persistence of coltsfoot. Bakker (1960) polders
in the Netherlands by planting another aggressive stoloniferous grass, Phragmites

he i i by the 2-3 m-tall F




to competition for light. Myerscough and Whitehead (1967) observed that coltsfoot
rarely grows under forest canopy, but Leuchs (1961) noted that coltsfoot succeeds
in the shade of densely seeded crops under measured light levels similar to those
found under closed canopy. Likewise, Namura-Ochalska (1988) reports that while
shading by meter-high grass may affect its development unfavourably, it does not
significantly reduce its density.

Bakker (1960) also attributed mortality of coitsfoot to gastropod and insect
attack, and fungal infection. Likewise, Namura-Ochalska (1993a) observed that
densely growing coitsfoot was attacked by the fungus, Coleosporium tussilaginis,
and Lepidoptera larvae attacked the inside of shoots.

244 y of biolog
Coltsfoot can be characterized as a plant whose diaspores disperse to newly
disturbed, open sites where the seeds germinate quickly on the moist surface of a
wide variety of substrates of low to high nutri and pH. On i coltsfoot

can quickly dominate a site through radial ion of rhi the on of

which is favoured over flower production in low nutrient sites (Ogden 1974). Low
nutrient sites are also less favourable to competition from other species (Namura-

Ochalska 1988). The ing p arean in these
sites, however they are a di in shaded di where

shoots may emerge in a canopied location with more competition for light (Ogden
1974; My and 1967). ive rather than sexual

enables a to saturate a site (| ikov et al. 1994;

Brown and Burdon 1987). Continued physical disturbance, to which coltsfoot is
adapted, mitigates against competition and also serves to fracture brittie rhizomes
which produce new clones (Bostock and Benton 1979; Namura-Ochaiska 1993a).
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As densities increase on the site, energy is allocated to the production of flowers
rather than clones and migration to new sites occurs (Melhuish et al. 1987; Ogden
1974). in this last point, however, Namura-Ochalska (1887) has not observed higher
fiower ion in the receding coitsfoot in her study of Polish grassiand

d Coltsfoot recede in the ab: of i or chronic
disturbance, (Bakker 1960; Namura-Ochaiska 1988, 1989) however the precise
reason for this has not been determined.

2.5 Weeds, invaders and invasives
The study of invasive species of natural areas has been approached from two
separate but related fields: weed research and the study of biological invasions.
This section situates the occurrence of coltsfoot in GMNP within the context of
these two fields, and defines the terms “weed", “invader” and “invasive species”.
Weeds have many ical and histori ics in but

they are not i or biologi defined (Hoizner 1982; Van der
2Zweep 1982; Bunting 1960; Radosovich and Hoit 1984; Randall 1997). The simplest
definition of a weed is a plant pest (Williamson, 19896), which can be either a native
or an introduced species.

Weeds y interfere with h ivities and in doing so incur
2 cost either by their existence or in their removal. Agrestal and grassland weeds
reduce crop yields or poison livestock. Lawn weeds and ruderals in waste areas are
thought to be unsightly, but ruderals along roadsides may affect road maintenance
procedures, safe visibility, and the stability of road surfaces (Gangstad 1982). Forestry
weeds interfere with the efficient ion of lumber and

Biological invasions are said to occur when a plant or an animal enters a
region where it was previously absent, or as a high density population wave into
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areas of previously low density (Heng 1989). Unlike weeds, invaders by
definition are non-native species. Some, but not all invading plants, will become
pests, or weeds (Williamson, 1996). The sphere on bi

centers around identifying the characteristics that make certain species successful
in their new environment; whether or not certain habitats are more invasible than
others; and pattems and rates of spread of invading organisms (Williamson 1996;
Komberg and Williamson1987; Drake et al. 1988; Bright 1998; Groves and Burdon
1986; Shi and i 1997; F 1989). The study of biological
invasions does not usually include controlling pest species, which is the domain of
weed research.

Plantinvaders are considered to be “invasive” when their numbers increase to
the extent that they replace the original ofa ina
natural area (White ef al. 1993; Hengeveld 1989). Invasive species that become
established in natural areas may then alter ecosystem function and structure from
established pattems. Examples of these include changing rates and pattems of
sediment accumulation, such as sand dunes and tidal flats; altering biogeochemical
cycling, such as nitrogen fixing or sait accretion; WMWMM
wetlands and riparian areas through the uptake of water; i g
or decreasing fire cycles; and preventing the recruitment of native species. At the
biotic level, invasive plants can cause the extinction of other species in the food
web, and can i with native sp thereby ing their
(MacDonald et al. 1989).

Invasive plants in natural areas are of ecological concemn because of the
factors just mentioned. When means are sought to control invasive plants, or
“environmental weeds" (Holzner 1982), they also become an economic liability. This
is the juncture where weed science and the study of biological invasions meet.
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I ive plants are also referred to as non-native, exotic, introduced,
or alien species (White et al. 1993).

2.6 Disturbance in ecosystems

Theecologlalldelofdmlxh 7 es is i by
theidea that p y driven by di

events that renew i (Kayand ider 1994). A very simple

definition of disturbance is the partial or total destruction of biomass (Grime 1979).
Bazzaz (1983, p. 272) described disturbance as “a sudden change in the resource
base of a unit of the landscape that is expressed as a readily detectable change in
populations response”. Bazzaz specifically described disturbance in terms of time,

frequency, size, and intensity - a similar app! taken by ying
the nature of revegetation after forest fires (Rowe 1978).
Similarty, Fox and Fox (1986) i as nplification

or resource shift. In the first case, disturbance amplifies an existing resource, such
as the increase in sunlight caused by a fallen tree. In the second case, there is a
loss of an existing resource and the biota that depend upon it, and the creation of a
new resource that may be exploited by a new species. For example, the building of
roads removes existing vegetation and soils and provides a different substrate and
surface layer in the form of roadbed gravel.
Di has also been to whether itis

or natural in origin. Natural disturbances occur at a scale as small as frost wedging
or the death of an individual plant, to intermediate scale slope failures and erosion
of and ition onto ri to large-scak and volcani
Both ic and natural be ibed in terms of
changes (Bazzaz 1983). Natural




within nature reserves, while human stress” on is not (Parks
Canada 1996; Woodley 1996).

Forthe of this study, is defined as a sudden change in
resources, where resources are the abiotic components of the environment used
by plants.

2.6.1 Disturbance and invasion

Di i obvi of thy L of most weeds; the annual
sowing, tilling and harvesting of crops provide the best example of this. Invasives
differ from other categories of weeds because the role of disturbance in their

isoften There are two reasons for this. First, disturbance

in natural areas may occur in less obvious and more systemic forms, such as a
change in i ition of nutri (Aber 1993) or the fluctuation or
stabilization of water levels (White et al. 1993). Consequently, native vegetation
ities are to b i atthe larger scale. Second, disturbance

agents may be buti ible or too ive to control (White et
al. 1993). The to ing il i tends to focus on

understanding the biology of the species so that methods can be found to control its
productivity in natural areas.

yses that ine the i i i and invasion
are less common than those that detail the blology of invading species and their
P \p to i ip between invasion

and disturbance are summarized below.

Bazzaz (1983) described invasion as the function not only of the biology of
the species, but also the nature of the di and the
(Fig. 2.2). Fox and Fox (19886) aiso concluded that there is no invasion without
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biology of species receiving environment nature of disturbance
i
|

frequency

response

Figure 2.2. The functions of invasion (modified from Bazzaz 1983; Fox and Fox 1986).

disturbance, and that there is a trend to greater invasion with more prolonged,
repeated or more intense disturbance.

White et al. (1993) postulated that a decline in native species may be due to
the same disturbance factors that favour invasives. Orians (1986) examined

of di that enable through

Hobbes (1989) in his field that certain types of di
such as the shallow upheaval of soils, need not significantly increase resource
availability that would favour the persistence of invasive plants over the iong term.

Altematively, Fox and Fox (1986) that rich ities - those
with high diversity - are less to i ion. However, Rej (1989)
thatthe ion cover may be the most efficient

indices of community resistance to invasion in some situations. Crawley (1989)
examined the fiora of the British Isles and also concluded that high rates of exotic
frequent disturbance.



2.7 Summary
From the definitions provided, coltsfoot has invaded GMNP as a ruderal weed,
having moved as a high-density lion wave, ially along i into

areas of previously low density. However, it is not yet known whether or not coltsfoot
will become invasive, that is, replace the original components of the vegetation
community of the park.

The research approach is that invasion is a function of the biology of the
species (detailed earlier in this chapter), the iving envi (tobe
in Chapter 3), and the nature of disturbance. Disturbance has been defined in this
thesis as a sudden change in h are the abioti

of the environment used by plants. That certain resource levels enable the invasion
of coltsfoot is a given, and determining the level of the chosen resources is therefore
the primary objective of this study. Whether or not those resources also describe

L types, and ith activities related

to the i and of park i is the matter of the

inif Definitions of ic and natural di and
types will be di in Chapter 4.
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3. Study Area

3.1 Introduction
This chapter provides an iew of the i and climate of Gros Momne
National Park that have i the and distribution of the present

vegetation communities. The flora in GMNP includes both rare species and unusual
ic distributions not ized by the i boreal i

found in the park and typical of northern Canadian latitudes (Anions 1994; Bouchard

and Hay 1976; Bouchard et al. 1978; Bouchard et al. 1991). The identification and

of distinct i i 1974; etal. 1978,
1988, 1991; Bouchard and Hay 1992) are based on dominant indicator species that
reflect climatic, geologic, and ic factors. These
the different ivi i of coltsfoot invasion.
The historic scarcity and i ing of coltsfoot in GMNP is also
documented. Finally, the history of park ion and mai

for trails, roads, and gravel pits, is presented. This will be shown later to have been
a critical factor in the present distribution of coltsfoot in GMNP. Information on park
procedures, unless otherwise noted, is from interviews with Bruce Jenniex, Senior
Maintenance Supervisor for GMNP since 1973.

3.2 Climate and physiography

The Gulf of St. Lawrence directly to the west of GMNP (Fig. 3.1) exerts a significant

influence on the climate of the park in the form of high annual precipitation and
ly few (Banfield 1988). The abrupt transition from the

Coastal Plain, corresponding to altitudes below 150 above sea level (asl), to the

Alpine Plateau at altitudes from 450-800 m asl (Fig. 3.1), produces two measurably
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Figure 3.1. Gros Morne National Park showing Coastal Plain, Alpine Plateau,
and enclaves (settlement areas).
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distinct climatic zones within the predominant maritime climate (Bouchard et al.
1978, 1991; Banfield 1988).

GMNP has a cool, short growing season and adequate (Clayton et al. 1977) to
excessive (Bouchard and Hay 1976) moisture. The average summer temperature
at Rocky Harbour (Fig. 3.1) is 15° C in July and August and the frost-free period
ranges from 100 days in low-lying areas to 150 days in more favourable sites on the
outer coast (Banfield 1988). Temperatures at Big Level on the Alpine Plateau are
6.3°C lower than Rocky Harbour on the Coastal Plain between June 18 and August
6, based on daily maximum temperatures (Banfield, pers. comm. 1997). The mean
daily average temperature for January is between -9.4° C and -6.7° C (Bouchard
and Hay 1976).

The annual average precipitation on the Coastal Plain is approximately 1200
mm 1988). in precipitation with i ing altitudes is
to be approximately 207 mm for each 100 m rise in elevation. The period of June

through is as wet” and i ing dry spells
rarely last for more than two or three days (Banfield 1988). The heaviest and most
frequent precipitation occurs from October through January, after which precipitation
decreases until May, the driest month of the year (Banfield 1988).
An i i ic region of iate status exists between
the Alpine Plateau and the Coastal Plain (Fig. 3.1) on slopes between 150 to 450 m
asl. These abrupt slopes that run from north to south in the park are subject to
altitudinal i Latitudinal g as well as slope
and aspect differences also produce variable micro-climates (Banfieid 1988).
The diverse native flora in GMNP is an expression of the varied geology,
geomorphology, and climate of the park (Bouchard 1974; Bouchard et al. 1978,
1988, 1991; Bouchard and Hay 1992). The bedrock geology is composed of 18
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different rock types with the Alpine Plateau largely composed of gneiss and granite,
and the Coastal Plain of i shale, and dolomil 1992).

In the Bonne Bay (Fig. 3.1) region the most unusual constituent of the bedrock
geology is the exposure of ophiolites, notably peridotite, in the Tablelands (Fig. 3.1).

/e here is sparse and growth meager due to heavy metals occurring naturally
in the soils. Other bedrock in this area is p i of li
sandstone and granite (Stevens 1992).

Soils in the park are primarily humo-ferric Podzols, which are characterized by
imperfectly drained acidic, mineral soils, y the i of th material

humid to id climate, and i ion (Clayton et al. 1977) The
other soil orders in the park include Brunisols, Regosols, Gleysols and Organic
soils (Canadian Parks Service, 1990).

Both past and present geomorphic processes present a variety of physiographic
features with plant ities. Plei lacial include

theii red uplands, glaci d valleys, lowland moraines and coastal rock
terraces (Bouchard et al. 1991). Marine, fluvial and aeolian processes are expressed
in Holocene landforms that include tidal flats, beaches, sand dunes, sea cliffs, river
banks, deltas and flood plains (Bouchard et al. 1991).

3.3 Phytogeography in GMNP

The park flora is of partit to the unusual

and number of rare species. While the flora has been studied

(e.g. Femald 1911, 1926, 1933; Bouchard 1974; Bouchard and Hay 1976; Bouchard
et al. 1978; Bouchard et al. 1988; Bouchard et al. 1991; Anions 1994), research
interest in the introduced fiora is recent. Parks Canada produced a four page intemal
report on purple ife (Lythrum icaria; Dei 1991), and a
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study of i fiora began in 1998 (Rose, in progress).

The vascular flora of GMNP contains 727 species of which 96 are considered
rare in Newfoundland, while 10 are rare in Canada (Anions 1994). The park lies
entirely within the Boreal Forest Region of Canada with 70 percent of the vascular
flora of the park characteristic of this boreal region (Anions 1994). However, many
unusual phytogeographic elements exist within the park that are not characteristic

of the boreal forest (Bouchard et al. 1978). These have been

as: i i i i ic; North

- transcontinental at Canadian lat ; North [ i in

interior; endemic in Northeastern North America; eastern deciduous forest; Atlantic
coastal plain; ic; and i ot al. 1978). Coltsfoot is a
T i tive element of the ion, along with 6 percent of the park's
flora.

3.3.1 Vegetation zones

(1974) p i i ic maps of GMNP's vascular vegetation
from fieldwork undertaken between 1972 and1974. The vegetation of the Coastal
Plain was categorized and mapped into 18 units (Bouchard 1974). The vegetation
of both the Coastal Plain and Alpine Plateau was characterized into 11
biophysiographic units and 21 habitats in 1978 (Bouchard et al. 1978). A 1988 version
revised the categories into four land regions (Coastal Plain, Alpine Plateau, Limestone

and J 13 bi i ic units and 37 habitats
(Bouchard et al. 1988). In 1891, Bouchard reverted to the original two land regions
containing 35 habitats (Bouchard et al. 1991). None of the above biophysiographic
categories were mapped except for the 1974 work that only included the Coastal
Plain. However, in 1992 the entire park area was categorized and mapped
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into 14 ion units without to land region (Fig. 3.2; Bouchard
and Hay 1992). All map versions from 1974 to 1992 include indicator species of
habitat types, and the 1992 version an lization of earlier
versions of the vegetation mapping (Table 3.1). These vegetation types will be used
in this study to represent differences in receiving environments.

3.3.2 Coltsfoot in GMNP

The introduced vegetation of GMNP was described by Bouchard (1974) from his
1972-74 field seasons. Introduced plants were the primary constituent of the mapping
units called “cleared areas” and * i ies". These areas

were located in a narrow band along the coast where settlers lived, gardened and
raised i fishing. Coltsfootis not as either or
conspicuous, and was not listed for these areas until 1978 when it was referred to,
along with other weeds, as relatively few in disturbed areas on the Coastal Plain
(Bouchard et al. 1978). The categorization of the flora into 35 habitat types placed
coltsfoot in the category of “ruderal areas” only (Bouchard et al. 1991).

Two reports on actions undertaken to mitigate damage to natural plant
communities do not mention coltsfoot in their floristic site inventories: coltsfoot is
not mentioned in Bridgland and 's (1984) study of ion damage on
the James Callaghan Trail on Gros Mome mountain (Fig. 3.1), nor in Burzynski's
(1989) report on mitigation of damage to showy lady’s slipper populations before
the reconstruction of the Lomond Road off Highway 431 (Fig. 3.1). Coltsfoot is now
abundant on the roadside and in the orchid fen mapped by Burzynski (1989).

Based on the roadside survey (Appendix |) coltsfoot is now present and easily
observed by car for 100 of the 115 of on Hi 430 and 431
(Fig. 3.1) that serve the park. Coltsfoot appears to have b
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Figure 3.2. Vegetation cover types of Gros More National Park, Newfoundland
(Bouchard and Hay 1992).
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Table 3.1. Vegetation types and indicator species in Gros Mome National Park,
Newfoundland (Bouchard and Hay 1992).

Grassy dunes Gn—,-uu-um»-r-nu- -m,m-u— ‘on aciive unsiabie
‘surfaces, with scrub balsam fir"* on
Intertidal saltmarsh L samphire” typifies the
lower mud flats; sedge™, sak sedge™)
higher marshes
Sedge fen and bog mainly of ™, woolly
‘sedge™, lead sedge™ and sphagnum mosses™,
Sphagnum sphagnum mosses™ moss™), and tussock
- rush” with 8 dense dwarf-scrub border of biack spruce™, sheep & lourel™,
leatherieaf™, and bog rosemary™.
. —'.'w.' - ki
Larch scrub ‘Semi-open larch’ scrub with sweet gale™, dwarf birch”, and a herb layer of
meadow-rue™ and bottiebrust™.
o™ %, mainly ‘sphagnum
mosses™, and with a shrub layer of sheep laurel™.
¢ ‘spruce™ on the coast
‘and black spruce™ on exposed upland siopes.
Heath dwarf-scrub Dense, low shrubs, mainly sheep laurel"", lowbush blueberry”, Labrador tea™,
rhododendron”
Balsam fir forest Balsam fir"®, with white spruce'® and white birch” as mature stands and
successional scrub after logging
Heath-lichen tundra dr Y’ tundra bibemy”, alpi Y
m")-nm- mmmm(mm" ‘sibbaidia")
occur i late-lying snow
‘Serpentine barrens Rock barrens with sparse dwarf-scn (juniper’, flont st i
mosses’, or'’, Lapland
rosebay’)
calcareous cliffs
‘spot locations loving pl <, t®, bubblet fem").
Cleared, settied areas
. 2 36 Carex iiida
2 Lanx lancina 2 3.
3 2. 38 Carex pajeaces
4. Rnacomitrum spp. 16. Picea giauca 28 Spiraea latfolia 39, Carex saiina
5 2 40. Ammaphila
6. Lychnis alpina 18. Kalmia angustiolia canadensis breviligulata
7. 19. Vacciniu 30. Cladina spp. 41. Elymus moliis
8 31 a2
L) i 32 43
10. Arctostaphyios aipina 22 Picss maniana caycuiats 44_Cystopteris
1. o bubifera
12 Umbilcaria spp. 24 Myrica gale 34 Carex exiis
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relatively recently along roadsides, parking areas, trails and in the enclaves
(villages)(Plates. 3.1-3.4). The ion of places its i on
roadsides within the last 13 years (Butier, Hermanutz, pers. comm. 1997). Another

indication of its recent spread comes from local residents, who in general are
knowledgeable of local names of common plants, but do not have a local name for
coltsfoot, nor do they know its common published name.

3.4The of park
Road ion, and the i i which ies it, was
undertaken in the relatively short time span of about 6 years (between 1979 and

1984), providing a corridor for colonizing species for over 115 km of road edge
within the park. Four of the seven road segments (Fig. 3.3) were realigned and
L to the i of the park from 1981 to 1984, during
which time $70-80 million were spent on road construction.

Three major sources of gravel in GMNP are the Rocky Barachois glaciofluvial
deposits, the shale bedrock of Cod Knox, and the privately owned shale quarries
near Norris Point (Fig. 3.3). The i i its at Rocky

predominantly composed of granitic gravel, were developed to meet the needs of
road construction in the late 1970s to mid 1980s. Typically, material is extracted,

sorted and kpiled. These stol to last the duration of the particular
construction project, minimally five years for the early road construction phase.
Current in Rocky in 1995 and are expected to

last another 3-5 years. The age of the stockpiles will be 6-8 years by the time they
are exhausted.

Material at Rocky Barachois quarry is used for shoulder maintenance, road
repairs, trail and general mai The D of Works, Services and

29



Plate 3.1 Coltsfoot with Cirsium arvense and Ammophila breviligulata on basalt
cliffs on Green Gardens trail, August 1997.

Plate 3.2. Coltsfoot at roadside leading to the GMNP Administration building, August 1998.
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Plate 3.3. Coltsfoot on embankment near Glenburnie, Highway 431. Dissemination
stage, mid-June, 1998.

Plate 3.4. Coltsfoot on near ie, Highway 431.
stage, mid-August, 1998.
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Section  Boundaries Construction|
Date

430 North  North park boundary.
1o Lobster Cove

Late 19705
Segment C Lobster Cove to

Deer 19921984
Segment8. Deer Amn to

Rocky Barachois 1981-1984.
SegmentA Rocky Barachois to

Witondale 1981-1984.

431 South  Lomond to Glenburnie. 1981-1883
Lomond Road .. 18891990

Woody Point to
rout River 19821984

Gulf of
St. Lawrence

Visitor Centre

Cod Knox
Quarry

Rocky Barachois
~ Quarry

dates in Gros Morne

ure 3.3. Road sections and

National Park.
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Transportation screens sand for winter mai itis

elsewhere. Domestic extraction for house building is also permitted.

The shale deposits in Cod Knox quarry were used in the early to mid 1980s,
after which time the quarry was left dormant for approximately 10 years. It was
reopened to upgrade segment C (Fig. 3.3) during the period 1992-94. Cod Knox
shale is also used to fill low lying or wet areas to make them more convenient for
public use.

Seven of the eight shale extraction sites at Norris Point are privately owned,
the other is owned by the Dep of Works, ices and ion. All of

the private contractors supplied material for the construction of the ski trails near
the Visitor Centre (Fig. 3.3). The use of these extraction sites is sporadic over the
years, and varies by volume from contractor to contractor.

Trails were originall of i j to the trail. Twelve to
fiteen years ago, and i were so that
materials were brought from off site, particularly aggregates from Rocky Barachois.
Upgrading of original trails has been ongoing for the last 10 years. The park currently
maintains about 75 km of hiking trails, and the area of disturbance associated with
them is typically a meter or less to each side.

It has been shown that coltsfoot was relatively inconspicuous previous to the
park's opening in 1973, and that th f park

is coi to the noti pp of at i This
relationship will be explored more fully in later chapters.



4. Methods

4.1 Introduction

The invasion of coltsfoot in Gros Morne National Park is examined as a function of
ges that The definiti i lever",

“disturb type”, and “di origin” are discussed. Field methods are

described which sample the levels of specific resources that accompany different
disturbance levels, types and origins. The method of vegetation sampling and the
occurrence of fungal infection and herbivory are also described. Statistical methods
are described which will be used to address the research objectives of this study.

4.2 Disturbance leveis, types and origins
Disturbance was categorized in terms of “level”, “type” and “origin”. Disturbance
level refers to a gradient of disturbance frequency from chronic, through maturing,

to i It was that most di inan
area of mature, ively native Most

have active or chronic di such as the use of roads
and trails. An area of or i dating from the time of the

original disturbance event (e.g. road construction) was usually found adjacent to

the active di The physical
conditions that are intermediate between and distinct from the surrounding chronic
and undisturbed areas.

Di types are defined, distil patterns of physical
alterations to the landscape such as roads and active slopes. It is assumed that

R — & o level
yp 2

different disturbance types were sampled. For the analysis, disturbance types were
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as either ic or natural in origin.

types were those that are directly iated with
intentional human activity, such as gravel pits and roads. Natural disturbance types
occurred as the resuit of physical or biological (other than human)
p While natural may be distantly related to human activities,
suchas the of moose to insular itis the direct

effect of the organism or process that was identified. Anthropogenic disturbances
differ from natural disturbances because their product is more directly under human
control. It is easier not to build a hiking trail, or construct it of different materiais,
than it is to remove all the moose from Newfoundiand.

Some disturbances were clearly the result of combined anthropogenic and
natural p and were not istic of a single di type. They
are referred to as “multiple dist. . They includk inations of rehabilitation
sites, animal trails, over snow vehicle (OSV)trails, streams, hiking trails, shorelines,
slopes, roads, insectkills, and sand dunes (Plate 4.1). These sites indicate a tendency
for disturbed sites, particularly where a break in the canopy occurs, to remain
disturbed or in use for other purposes. For example, moose trails are often found on
hiking trails or beside streams.

The location of the for each di type that follow are identified
on Figure 4.1 (folded colour map in jacket pocket).

4.2.1 Anthropogenic
Disturbance types that were ized as ic are further
below.
Roads: Disturbances measured were typically gravel shoulders of Highways
430 and 431.




Plate 4.1. Multiple disturbances of trail, rehabilitation site (former highway) and
active dunes. Grassy dunes are dominated by marram grass, Ammophila
breviligulata.
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Hiking trails: Hiking trails were usually ofgravel, and less
only compacted soil. Coltsfoot was usually found next to the trodden surface,
especially where gravel was mixed with native soils. Native vegetation was typically
within 1 m of the trail edge.

OSV (over snow vehicle) trails: Sites only in
with other disturbances such as streams and moose frails.

Gravel pits: Aggregate iles were d at Rocky is, Cod Knox,
Norris Point, Trout River, and the privately owned shale quarry near Cow Head on
Highway 430. No chronically disturbed plots were sampled as the disturbance at
the active edge of the pile is characterized by extraction and removal of material,

rather thana shift. i were atthe top or back
of the stockpile.

Ski trail: The Chickadee ski trail near the Visitor Centre was constructed of
crushed shale over native soils in 1994-95. Clearing of trees aiso occurred. It differs
from hiking trails by its width, age, and ity of material. At approxi 5

mwide, it is minimally twice as wide as most hiking, animal, or OSV trails. its surface

is without mineral or organic soil interspersed in the stone matrix, and weathering,

compaction, and colonization were minimal due to the relative youth of the trail

to others that isted si tleast 1973. The

was that of trail construction rather than the ongoing disturbance of ski trail use.
Domestic cutting blocks/clearcut. The cutting block sampled was another

nultiple di g origil as an insect kil after which salvage logging

was permitted. Coltsfoot was aiso noted to be cl ston the Chit

ski trail and land cleared for pasture on the former highway near St. Paul's.
Rehabilitation sites: Sixteen sites were located through a document produced
by Resource Conservation (1985) whose mandate was to rehabilitate former
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farmsteads, access roads, and road allowances. The work, carried out between
1985 and 1987, involved various of i iling and seeding
of sites. A seed mixture of creeping red fescue (Festuca rubra), Canada bluegrass
(Poa pratensis) and annual rye grass (Lolium sp.) was used. Other rehabilitation
sites include restoration of the Rocky Barachois and Cod Knox quarries, and former
roads abandoned up to 20 years ago and allowed to naturally regenerate. In all
lecations but one (transect 76) the work in the (

C ion (1985) was to have been All rehabilitation sites
represent maturing disturbances.

Abandoned gardens: Raised beds abandoned approximately 20 years ago at
the gently sloping area behind the cliff edge of the Green Gardens trail contained
predominantly Canada thistle (Cirsium arvense) and no coltsfoot.

Hydro right-of-ways: Right-of-ways, approximately 50 m wide, were cleared in
the early 1970s and disturbance consists mostly of brush clearing. More recent
brush clearing occurred two to three years ago in some sections.

4.2.2 Natural
The specific conditions of sampled di P ized as natural
are described below.

Slopes: Slopes included the calcareous cliffs at Tucker's Head where coltsfoot
was absent, and where coltsfoot was found on unstable siopes on the Berry Hill
trail, and near the shore on the Green Gardens trail.

Streams: While approximately haif these sites were natural channels, others
were anthropogenic in origin (6.g. moving water in the ditches of former roads).
Species such as Alnus rugosa, which indicate riverain habitat according to Bouchard
and Hay (1992) were present in the ditches.
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Sand dunes: Coltsfoot was absent at Shallow Bay beach and the day use
area there. The beach area is ised of a sandy i by active
and stable dunes. The only observed occurrence of coltsfoot in the dunes was ata
steeply-sioped dune bank at the bridge over Stanford Brook.

Shorelines: Shorelines sampled were the lake shoreline of Western Brook
Pond and the sea i to the Green trail. They i of
cobble beaches (Plate 4.2).

Animal trails: All sampled moose frails but one exist in conjunction with other
disturbances, such as rehabilitation sites, streams, and OSV trails. Moose tend to

take ge of i for grazing and travel. The one moose
trail have no other i andwas i i

to the disturbance type ‘moose trail". All other moose in

with other di were assi| the gory of “multiple di . Two

sites in which coltsfoot was absent represent caribou trails on Big Level (Plate 4.3).
Beaver dams: Coltsfoot was not found in any of the beaver dams observed.
Beaver cut. One site, in which coltsfoot was absent, included the selective

felling of Populus species by beaver on a slope.

Insect kills: The most obvious resource shiftin areas of insect kills is increased
solar radiation over a several-year period as the trees are defoliated, and later as
limbs decay and fall. The original infestation at this site at St. Paul's inlet (transects
93 and 94) occurred 2-3 years earlier.

4.3 Sampling strategy

A non-random sampling strategy was selected in order to measure resources
associated with the presence of coltsfoot in certain disturbance types. This allowed
the comparison of similarities or differences in resources among disturbance types
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Plate 4.3. Caribou trails in heath lichen tundra on Big Level, Alpine Plateau.
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and between disturbance origins, and from disturbed to undisturbed (control)
vegetation. Transects were chosen as the survey method in order to sample across
a disturbance gradient within a vegetation type in the shortest distance possible.
Transects are also by design a non-random sampling method (Kent and Coker
1992). A random sampling strategy would have yieided a great deal of data on
resource levels where coltsfoot did not occur, and unrelated to the disturbance
types under investigation. The process of site selection is outlined below.

4.3.1 Selecting transect sites
Bouchard and Hay's (1992) map of vegetation cover types of GMNP (Fig. 3.2) was
reproduced at a scale of 1:50,000 (from the original scale of 1:150,000) and

type boundaries of these maps were transferred to the more culturally and
topographically detailed NTS maps (Canada 1990a, 1990b, 1990c, 1990d, 1992) of
the same scale.
From information on the NTS maps, and from other park literature and
the ions of diffurent di: types ined and marked
on the maps. This ensured that as many di types within ion types
as possible were sampled. These sites became the starting point for locating
individual transects, which were situated at the first occurrence of coitsfoot found
on the transect site.

4.3.2 Laying across a

T i three 1 P of quadi one, two

and three in each transect was designed to sample the vegetation and resources
Pl ing a gradient of di from chronic through maturing to

undisturbed, respectively.

41



Quadrat one chronic di suchas ides, trails, and
slopes, which are subject to i i those
soil disturbances, once or more annually. ideally, quadrat one was placed linearly
across a gradient of disturbance. The longest transect was 44 meters long.
Exceptions to this rule are outlined below.

Quadrat three - the undisturbed control plot which terminated the transect -
was determined by the presence of trees, moss layer, or characteristic species of

the ion type as i by and Hay (1992). The absence of
also the of quadrat three, so that its absence was
the rule, indicating a hostile ing envil was done within the

forest where possible to reduce the edge effects of light and air movement.
Quadrat two, or maturing disturbances, was located in the transitional zone
the chronic di one) and the
vegetation (quadrat three). Maturing disturbances had neither an ongoing physical
disturbance, nor the presence of trees, moss layer or characteristic species of the
type.Q placed or ii midway between
quadrats one and three, or simply at midpoint if absent.

The ideal transect was linear. Some undisturbed quadrats were laid at right
angles relative to maturing quadrats in sites where the disturbance was linear and
the di to the undi quadrat was (Fig. 4.2).

Transects did not include a maturing disturbance where there was littie or no
gradient from i to that is, if the distance between
quadrat one and quadrat three was 3m. Also, ifthe g
type was inaccessible, such as at a ciiff edge, or if there was no related chronic
disturbance, such as in hydro right-of-ways, th from the
transect.




i
‘ ‘ ]
T matuing undisturbed|
Laals o a
_ wed = road
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Figure 4.2. Ideal transect across disturbance gradient (a); and right angled transect (b)
‘where undisturbed vegetation was closest at right angles to original bearing.

Only disturbance types which included coltsfoot were sampled. However, notes

were kept of casual observations or in p! disturb: types
in section 4.3.1) where coltsfoot appeared to be absent (n=35). These data reflect

types that app to be i for g of the
or of certain di types that seemed to be unsuitable for coltsfoot
establishment.

Transect numbers were mapped and correlated to disturbance type, origin
and vegetation type on Fig. 4.1 (folded colour map in jacket pocket, UTM co-ordinates
Appendix I1). Numbers 1-116 and 152 represent transects in which plots were
sampled, while 117-151 represent observations only of disturbances in which coltsfoot

was absent.

4.4 Resource levels

of soil pH, i active iation (PAR), soil particle



size, soil moisture, duff cover and percent bare ground were sampled across the
gradient of di by chronic, and
Measurement procedures are outlined below.

4.4.1 Light intensity
F i active (PAR) was at the upper leaf surface
with a LiCor photometer in units of wE m2 s'. During August 1997, absolute values
of PAR were recorded for each quadrat at each disturbance level. To eliminate the
effect of variable cloud cover over time, PAR readings for chronic and maturing
i were to a relative of the quadrat, and
are referred to as relative PAR or light intensity. The formula used to convert absolute
PAR to relative PAR is:

a = absolute PAR reading for undisturbed quadrat
b = absolute PAR reading for maturing quadrat
¢ = absolute PAR reading for disturbed quadrat

Relatve PAR= 2 2 §
Relative PAR therefore measures only the difference in light intensity between levels

of di The of to low light intensity can only be shown at
one location over one or more growing seasons.

4.4.2 Substrate

The term “substrate” is used rather than “soil” because much of the growing medium

where coltsfoot was found was partially or wholly gravel, aggregate, or rock. The
ignation of “rock” indi xposed parent material or coarse aggregate larger
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than 5 cm in diameter. “Gravel” was rock of any material, such as granite, shale and
peridotite, between 0.05 and 5 cm in diameter. These diameters for gravel were
chosen because they the specific sorted for different
by the park.

“Substrates” with greater than 2 cm thickness of organic material (the seeding
depth of coltsfoot, Namura-Ochalska 1987) were designated as organic. Thick moss
was therefore considered to be an organic substrate.

size (sand, sitt or clay) of mineral soils was determined
by the soil texture field tests developed by the Ontario Institute of Pedology (1982).
In the moist cast test, moist soil is compressed in the fist, and the strength of the
cast tested by tossing from hand to hand. The resuits are calibrated against a table
which matches the cast characteristics with soil texture classes.
For this analysis soils were grouped into three descriptive categories: wholly
or partially gravel/aggregate, wholly or partially organic, and other mineral soils.
These i ch to ine the ion betv theii

of gravel and the presence of coltsfoot.

4.4.3 Soll pH

For most transects a Kelway soil acidity meter was inserted into the soil to a depth
of approximately 6 cm to obtain a reading for pH. Because the soil meter broke
towards the end of the field season, for 23 of the 253 quadrats pH was determined
by collecting soil for analysis in the lab. These were done on September 24, 1997,
from soil samples collected 27 and 28 days previously. Soil and distilled water were
mixed in equal parts and tested with a pH meter. Both instruments measure pH in
tenths of units. Calibration between the Kelway soil acidity meter and the pH meter
was not possible because damage to the Kelway meter was not repairable.
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Five undi control plots pH for three sites in
the Tablelands, a sedge fen near Woody Point, and an undisturbed site in heath-
lichen tundra on Big Level where no coltsfoot occurred. In these sites pH was
randomly tested and recorded, and so are included separately in the data set. These
measurements were taken out of curiousity, because the sampling strategy did not
allow for the i of in large areas in which there
was little or no adjacent disturbance.

4.4.4 Soil moisture

Soil moi was ibed as moist or dry from soil retrieved from the
hole created by the pH meter. Soil was saturated if water could be squeezed from
the same size sample used in the feel test (about 10 mli of soil). Moist soil contained
water but not to the point of saturation, while in dry soil, moisture could not be seen
or feit.

of soil moi took place over the duration of the field
season (August 7-29), results are in conjunction with itation data
recorded in the park for the same time period.

4.4.5 Percent bare ground and duff cover
Percent bare ground and percentage cover of duff was estimated using the Braun-
Blanquet scale (Kent and Coker 1992) as follows:

Valve %

+ <1

1 15

2 6-25

3 26-50
4 51-75
5 76-100



The Braun-Blanquet scale is commonly used for percent cover of vegetation, but
when used to esti baregroundina high values indicate little vegetation
cover. Percentage cover of duff consists of deciduous or coniferous leaf litter.

4.5 Coltsfoot and other vegetation

For chronic and 9 i for all species
of herbs, shrubs and trees within the 1 m? quadrat. Percent cover of moss was
noted but recorded only as “moss” and not identified to species. The difference in
coltsfoot cover and the composition of other plant species in chronic and maturing
disturbances should indicate if a species shift has occurred as a disturbance matures.

For undisturbed plots, only tree species cover was noted as well as duff. At
the beginning of the field season the decision was made, given time constraints, not
to identify the native vegetation in undisturbed plots in favour of sampling more
disturbances over all.

Vegetation cover was estimated using the Braun-Blanquet scale (Kent and
Coker 1992) as used for percent bare ground (see section 4.3.5). The authority
used for species identification was Gleason (1968), although nomenclature was
updated according to Kartesz (1994). Determination of native status of species was
assigned according to Rouleau and Lamoureux (1992). The status of “unknown”
was assigned to genera not identified to species level where both native and
introduced species are known. A species list for chronic and maturing disturbances
is included in Appendix ll. of i are ited in the

St. John's,

4.6 Herbivory and infection
Presence or absence of evidence of herbivory and infection (fungal, bacterial or
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viral) was noted on in chronic and ing plots. N inction was made
types of i i as black, brown or red spots
on leaves. Insect herbivory was noted as “chew holes” on leaves.

4.7 Receliving environments

The iving i isa of the lions of invasion” (Bazzaz

1983) that acknowledges that there are physical and biotic differences among
PR . ities. The :

according to the 14 vegetation types of GMNP described by Bouchard and Hay

(1992), and by elevation.

4.7.1 Elevation and aspect

Sampling was further stratified by elevation following Waltz's (1962) observation
that coltsfoot was not found above ca. 150 m on the Gaspé Peninsula. Elevations of
sampled and observed sites were interpolated from NTS maps (contour interval =

10 m). Aspect of and sites was ined with a
4.8 Data analysis
481 and
's rank i were f

abundance and the variables of pH, relative PAR, percent cover of coltsfoot, duff,
and bare mineral soil (=0.01). This analysis identified the significant determinants
of coltsfoot abundance and resource levels.

4.8.1.1 Substrate types, pH, and solil with
Data for the three substrate types (organic, gravel, mineral)
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from other resources because of their nominal nature. The percentage of each
substrate type was calculated for each of the three levels of disturbance, between
anthropogenic, natural and multiple and i types,

and indicated whether certain di were ized by disti

substrates. Box and whisker plots show median, interquartile range, and extreme

values of pH associated with different types. The i ip betv

substrate type, disturbance, and pH, indicates whether pH is associated with specific

disturbance types, levels, and origins. Ordinal data for soil moisture levels were
as among di levels in each transect.

4.8.2D and

Differences in biotic and physical variables were tested among the three levels of

disturb: (chronic, ing, and undi ) using Kruskal Wallis nonparametric
ANOVA. Variables tested inciuded percent bare mineral soil, percent cover of coltsfoot
and duff, relative PAR, and pH. This nonparametric test was used because the
assumptions of normality of the data were not met.

4.8.3 Interspecies competition

The various plant species’ (other than to dif by
chronic and i i was i by species ity index
(SSI) (Krebs 1985):
ssi=_2¢
atb

a= number of species in chronic disturbances
b= number of species in maturing disturbances
c= number of species occurring in both
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The seven vegetation communities for which species data were collected are grassy
dunes, sedge fen and bog, riverain thicket and meadow, black spruce forest and
scrub, tuckamore, balsam fir forest, and serpentine barrens. A species similarity
index between disturbance levels for each vegetation type was caiculated. This
analysis indicates the degree of overiap between the two levels of disturbance, and
whether a species shift occurs between chronic and maturing disturbances which
displaces coltsfoot.

4.8.4 Herbivory and infection

Percent occurrence of infection and herbivory was compared between chronic and
maturing dif using a T-test for This indi whether coltsfoot
is subject to predation or infection from other biota, and whether this occurs
significantly more often in one disturbance level or another.

4.8.5 The invasibility of vegetation types at high elevations

Presence or of at ions greater than 150 m was noted, and
if present, correlated to aspect on a This ined if coltsfoot was
limited to elevations below 150 m asi as was found on the Gaspé Peninsula (Waltz
1962). The absolute altitudinal limits of coltsfoot in GMNP were not determined
because a complete survey of areas in the park above 150 m was impossible given
the time constraints. For the purposes of this study, it was sufficient to identify the

or ab of at ions above 150 m. If coltsfoot was found
above 150 m, th bety ion and whether climatic
were bya aspect.




4.8.6 The anthropogenic and natural origins of coitsfoot invasion in GMNP

Differences in ic and natural disturbances were
tested using the Kruskal Wallis ANOVA, ibed in section 4.7.2.
isti igni origins shows whether resource levels
f: to are istic of either ic or natural
ly ibed in section 4.7.1.1. were undertaken

for both di origin and type.

Analysis of variance was not undertaken among disturbance types (e.g. ski
trails, slopes, etc.) because many of the sample sizes were too small. Instead,
levels of indivi i types were to levels
shown to be to coltsf The mean and standard error for
the measurements of pH, relative PAR, percent cover of coltsfoot, duff, and bare
mineral soil, are given as bar graphs among 12 disturbance types. If the mean of
the resource level for a disturbance type was shown to be higher than average for
the group, it was i to be to A
table following the bar graphs collated the results for all disturbance types and all
resources. This analysis shows if the resource levels characteristic of certain
disturbance types are more for than others. i this
will address the question of whether disturbance types related to park development
(e.g. roads, hiking trails, gravel pits) have assisted in the spread of coltsfoot.
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5. Results

5.1 Introduction
The purpose of this chapter is to present the results of the analysis of field data as
they address the study objectives.

5.2 Description of data
The data set consists of 153 ising 253 of which 84 were
chronic, 100 ing and 69 undi (Appendix IV). Roads (n=29), hiking trails

(n= 41), gravel pits (n=22), and rehabilitation sites (n=58) make up most of the

(n=162). Streams were the highest number of

drats in the natural di gory (n=24, total natural n=86), and 39 plots
pled were multiple (Table 5.1).
All ion types in GMNP were or pt heath dwarf
scrub, which was not of time ints, i ility and the

small area (0.5 percent) it comprises in the park. Table 5.2 indicates the number of
getation type, the percent they represent of the total
quadrats, and the percent of the park covered by those vegetation types. Coltsfoot
was rarely encountered in grassy dunes, sphagnum bog, and tuckamore, and this
is reflected in the small number of quadrats compared to the total park area covered
by these vegetation types. Quadrats in the balsam fir forest were aimost double that

in each

of the area the forest comprises in the park, and this reflects the high number of
types i with this ion type: fourteen of the seventeen
disturbance types were found in the balsam fir forest. All fourteen vegetation types

were found below 150 m, however only eight of these occurred at higher elevations

as well.
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Tlhl' 6.1. Description of data.

types have been

fre‘IuenCy of di

according to natural or nnlhmpoutmc omm.
mature

Age of

ind age of
by archival documents such phom and reports, or by interviews with park porwnn.l

s in which

are found are: 1. grassy dunes; 2. intertidal

type:
saltmarsh; 3. sedge fen and bog; 4. sphagnum bog: 5. riverain thicket and meadow; 6. larch

scrub; 7. black spruce forest and scrub; 8. tuckamo:

ath dwarf scrub; 10. balsam fir

: 9. hei
forest; 11. heath lichen tundra; 12. serpentine barrens; 13. calcareous cliffs. (OSV = over snow
vehicle; r.o.w. = right-of-way)

Disturbance’ frequency ageof  veg.types
type of dist.  inwhich
dist. trosr)  datfound  chronic

Anthropogenic

road chronic <1 1356.7.8, 13
10,

hiking trail chronic <1 1,3,56,7.8, 20
m 112

OSV trails chronic <1 0

gravel pit maturing 2 10 12 [

x-country ski  maturing 2 0

trail

cutting blocks  chronic  ? 10 0

rehabilitation  maturing 313 3,56, H

sites 10,12

abandoned maturing 15 8 [

garden

hydrorow.  maturing 23 7.10 0

Natural

shoreline chronic <1 210 2

slope chronic <1 81013 4

stream chronic <1 B 10

sand dunes chronic <1 1 1

moose/animal  chronic <1 3810 3

trail

beaverdam  chronic <1 a7 3

beaver cut maturing <1 10 1

insect kil chronic <1 10 2

Multipie chronic 17

Undisturbed: [

Total =

3
© = coco coma= s - B8 nN@o ~ © ’;?

io wao

o

so@maa

noo

total plots
for
dist type

g asu saRes




Table 5.2. Percentage of total quadrats by vegetation type compared to
percentage of Park area covered by individual vegetation types.

vegetation type number % of total % of vegetation type
of quadrats in GMNP
quadrats (Parks Canada 1996)
grassy dunes 5 2 01
intertidal salt marsh 1 04 0.1
sedge fen and bog 15 59 51
sphagnum bog 2 08 44
riverain thicket and T 28 04
meadow
larch scrub 2 08 0.05
black spruce forest 19 75 82
and scrub
tuckamore 19 75 129
heath dwarf scrub 0 0 0.5
baisam fir forest 158 626 36
heath lichen tundra 2 08 216
serpentine barrens 22 87 49
calcareous cliffs 1 04 no figure
cleared, settied observed 0 03
areas
253 100 92.55*

|total
*6.8% of the park area is covered by water

Two subsets of the data were used for analysis. Of the total of 253 quadrats
and observations, 227 of these were used to test for correlation between the
of foot and certain levels and for the analysis of variance
among disturbance levels only. The 26 samples omitted were observations only of
disturbance types in which coltsfoot was absent: beaver cut, beaver dams,
abandoned garden and sand dunes. Over snow vehicle (OSV) trails were sampled,
but only in conjunction with other di andare
under the category “multiple disturbances”.

A smaller subset of 115 samples was used to analyze individual disturbance
types and origins. These were selected ﬁ'om the larger data set to measure the
resource levels that were specific to these disturbance types. These are the chronic
disturbances of road, stream, shore, slope, animal trail, hiking trail, insect kill and
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multiple disty and the ing di of rehabilitation sites, ski trail,
gravel pit and hydro right-of-way.

about levels among disturbance types are
described by the statistical tests that follow.

53 levels to

The of coltsfoot (i by cover ies)i with pH (rs =

0.371) and light level (rs = 0.546), but decreases as duff cover increases (rs =
0.378)(Table 5.3). As bare ground increases, duff cover (rs =-0.453) decreases, but
PH (rs = 0.505) and relative PAR (rs =0.207) i Al i ignif
at p< 0.05, and all but one to p = 0.01 (Table 5.3).

Coltsfoot is abundant in disturbances where overstory vegetation has been

cleared leaving an open, sunny site, and the soil has been disturbed, removing the
existing ground cover and duff. The absence of acidic coniferous duff and/or other
organic material contributes to the higher pH of these disturbed sites. Conversely,

sites where foot is absent are characterized by greater shade,
more duff cover, more acidic soils, and less bare ground, all of which are a function

of a well developed vegetation layer.

5.3.1 Soll moisture

gh soil moit was i over a 23-day period, moist soil was the
category in all di: levels (Fig. 5.1). Soil was moist for 83.3% of all

plots sampled, while 10.3% were saturated and 6.4% were dry. Rain was recorded
for 14 of the 23 field days, and a total of 71.6 mm of precipitation was recorded for
the north end of the park. Given the high of moist and plots
(total = 93.6%), the regular occurrence of precipitation in August, the low mean
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Table 5.3. matrix using rank
physical and biotic variables. Sample sizes are in brackets. All correlations
p=0.01 except as noted (*).

(rs) among
significant at

o relative | % cover | % bare
PAR | duff | ground |
%cover | 0371 | 0546 | 0.378 | 0148
coltsfoot | (212) (182) (200) (203)
oH 0365 | 0360 | 0.505
(164) (198) (201)
relative 2409 | 0.
PAR (153) (156)
% cover 5453
(200)

levels

Beag8388

Disturbance level

Figure 5.1. Soil moisture among disturbance levels. n=number of plots.
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daily temperature during this period (13.9° C , Appendix V), and the doct ion

by other authors (Clayton et al. 1977; Bouchard and Hay 1976; Banfield 1988)of
adequate to excessive moisture in the park, it can be generalized that adequate

moisture for coltsfoot germination is not a limiting factor in GMNP.

5.3.2 Substrate types associated with pH levels

Table 5.3 shows that coltsfoot abundance is correlated with increasing pH. Figure

5.2 shows that pH is also i with type, i that the higher
pH prefe by are i with gravel. Organic substrates
85
*
*
80 # 8
75 m—
o
; .
. - g
6.0
*
55
50 9
T 45
N= 79 54 76
organic gravel other mineral

Substrate type

Figure. 5.2. Box and whiskers plots of pH of substrate types. (Horizontal bar = median;
box = interquartile range; whiskers = highest and lowest extremes; circles = outlie: .
3 box lengths from either end; stars = extreme values - >3 box lengths from either end.)
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are associated with the lowest range of pH, substrates containing gravel the highest,
while other mineral substrates are intermediate between these, from slightly acidic
to neutral. The mean pH for organic, gravel, and mineral substrates is 6.2, 7.0 and
6.6, respectively.

5.4 The invasibility of and the of
coltsfoot

There were significant differences among the disturbance levels for all variables
(Table 5.4), demonstrating that resource shifts or amplifications that favour coltsfoot
do occur with di Undi: ion types should therefore not be
invasible based on resource suitability, but would need to be verified by transplant
experiments.

Table 5.4 Kruskal-Wallis ANOVA among three disturbance leveis
(chronic: n=57; maturing: n=90; undisturbed: n=64).

% cover | pH relative % duff % bare
coltsfoot PAR cover ground
Chi- 113.354 38.824 82.116 67.744 23.877
uare
df

2 2 2 2 2
value [ <0.001 <0.001 <0.001 <0.001 <0.001

Analysis of sub type i levels (Fig. 5.3) shows that
types ize dit levels. Neutral gravel substrates account
for almost 50 percent of chronic disturbances; other neutral to mildly acidic mineral

soils account for almost 50 percent of maturing disturbances; and acidic organic
substrates account for almost 80 percent of undisturbed plots (Fig. 5.3). Soils
containing neutral gravel were absent in undisturbed plots.

Percent cover of coltsfoot is positively correlated to pH (Table 5.3) and there is
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Organic
B Graveraggregates

Percent substrate type occurrence

B Other mineral

[ =4 (S = .
N= 11 27 19 20 27 43 49 0 15
Chronic Maturing Undisturbed

Disturbance level
Figure 5.3. Percentage of substrate types in three levels of disturbance.
a significant difference among disturbance levels for both pH (x?=38.824, p<0.001)
and percent cover of coltsfoot (x2=113.354, p<0.001)(Table 5.2). Soil pH appears to

be the most important limiting factor for foot, whichis a iphil ly
and Whitehead 1965, 1967). The acidic native soils of GMNP may therefore be

for by g of whether or not there is
disturbance, so long as pH is sufficiently low.

The difference in among di levels that as a

disturbance matures (increase in duff cover, decrease in bare ground, pH, PAR),
resources will return to the unsuitable levels found in undisturbed vegetation, causing
the ion of f i However, these results were not split out by

type for ing di The fate of gravel in native soils and its
effect on pH over the long term is not known.




5.4.1 Interspecific competition

Less than 50 percent of species were similar between the chronic and maturing
disturbance levels in the seven vegetation types for which data was available (Table
5.5). The low SSI (.20) for the balsam fir forest is particularly notable because of the

Table 5.5 Species similariity indices (SSI) for chronic
in seven vegetation

and maturing disturbances

types.
chronic  maturing | vegetation type 88t
™ -
2 1 raesy dunes [
L) 5 sedge fen and bog 04
2 2 riverain thicketandmeedow | 0.08
e . black spruce forest and scrub | 0.48
5 5 tuckamore 048
42 L] beisam fir forest
3 7 ‘serpentine barrens. 0148

large sample size (n= 42, chronic; n= 62 ing) and b it ises the

single largest vegetation type in the park, with the largest number of disturbances.
Introduced plant species are a component of succession in GMNP. When
data for different vegetation types are aggregated, there is a similar percentage of

native and i species in both chronic and i with native
species comprising averages of 50.3 and 59.4 percent, and introduced species
comprising 37.4 and 34.1 percent of icand P
(Table 5.6).

Thereis ani i of ind number

of species with the greatest number of species appearing only once, and a few
species appearing frequently (Fig. 5.4). Native species make up the highest
proportion of species ing i while a small number of introduced

species occur most frequently. i is the most freq ly
species for both chronic and maturing disturbances.



Table 5.6. of native, and (not to species level)
species in chronic and maturing in seven veg in Gros
Morne National Park.
vegetation type native Introduced unknown
chronic. maturing chronic_ maturing chronic. maturing
grassy dunes. 143 500 857 500 00 00
‘sedge fen and bog 50.1 700 182 250 27 50
riverain thicketandmeadow | 657 1] 11 s 22 00
black spruce forestand scrub | 63.0 577 259 @3 11 00
tuckamore 471 731 412 269 18 00
balsam firforest 607 525 25 358 o8 18
serpentine barrens 417 500 500 214 83 286
mean 503 594 374 341 123 65
46 — — ——
L £ unknown
Introduced
- Native
20
20
16
£ B
g o 1
@ &
T s i
§ 4
i | | T
2 0 il X b B i
1/2/3lalslel7/8l0/1011/12/13 1617 21 24

quency of

in chronic and

Figure 5.4. Comparison of frequency of species origin and occurrence
between two disturbance levels (left bar in pair = chronic; right bar in

jpair = maturing; x = no species
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5.4.2 Herbivory and infection

Herbivory of coltsfoot leaves by snails occurred in 38 percent of chronically disturbed
sites and 28 percent of maturing disturbances. There was no significant difference
in herbivory between disturbance levels (t=1.14, p=0.2569).

Infection occurred in 52 percent of chronic disturbances and 36 percent of
maturing disturbances. There was no signil difference disturb:
levels (t=1.85, p=0.0672).

Coltsfoot in GMNP is eaten by other species, including moose that graze the
flowers in the spring (Burzynski, personal communication, 1997). Both snail herbivory
and fungal infection are higher in chronic di thanin

In other studies snails were aiso found to prefer grazing on coltsfoot infected with
rust fungus (Ramsell and Paul 1990, Namura-Ochaiska 1193a, Bakker 1960). The
higher inci of fungal infection on coltsfoot ions in i i

plots may be indicative of their clonal origin since ramets would be more susceptible
to fungal attack, while populations with greater genetic diversity would be less so.
Fungal i i y also bei by envil conditions such as airflow
and humidity, or the poor physiological condition of the plant.

5.4.3 Elevational limitations

The small sample size (n=15) of coltsfoot locations at elevations above 150 m aslis
due to the smaller number of disturbance types and their limited accessibility at high
elevations. However, these 15 locations show that coltsfoot can establish well above
the altitudinal limits found in the Gaspé Peninsula (Waltz 1962). Coltsfoot was found
at a maximum elevation of 550 m asl in Ferry Guich at a site where gravel was air-
lifted into a construction camp (Fig. 4.1 transect 11; B. Jenniex, personal
communication, 1997). The other 14 locations above 150 m elevation were at the
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Tablelands Trail and nearby rehabilitation sites (Fig. 4.1 transect 63-66, 73); Cod
Knox quarry (Fig. 4.1 transects 85-87, 108-110); a rehabilitated section of the old
highway 431 outside of Glenburnie (Fig. 4.1 transect 78, 79); and near the cabin at
Angle Pond (Fig. 4.1 transect 84). Climatic limitations at high elevations are not
overcome by aspect, with only 1 of the 5 sites where coltsfoot was found above 150
m facing south (Fig. 5.5).

Figure 5.5 Aspect (magnetic north) of plots with coltsfoot
at elevations greater than 150 m asl.
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5.5 Origins of coltsfoot invasion
When land ic di P thereis

difference in physical (pH and relative PAR) and biotic (percent cover of coltsfoot,
percent cover of duff, and percent bare ground) variables (Table 5.7).
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Table 5.7 Kruskal-Wallis ANOVA between disturbances of anthropogenic
(n=78) and natural (n=17) origins.

% pH relative | % % bare
colts- PAR duff
oot
Chi-Square .778 1.5985 2.114 0.000
df 1
p value .378 0.207 0.146 1.000
However, while g innatural, ic, and multiple

have the highest percentage of gravel
substrates (Fig. 5.6). Gravel occurs notably in the anthropogenic disturbances of
roads, ski and hiking trails, where it is used for construction and maintenance, and
in gravel pits, where mail i igi (Fig.5.7).

aggregate such as in streams, slopes and i forits in
disturbances of natural origin (Fig. 5.7).

Acidic organic substrates dominate undisturbed sites, and occur exclusively
in hydro right-of-ways and insect kills (Fig. 5.7). In these disturbances, the canopy
is removed, but the native soils are left intact. Unlike other anthropogenic
disturbances, gravel is not added. The neutral to basic soils preferred by coltsfoot
are caused not only by the removal of existing vegetation and duff layer, but aiso by
the addition of gravel to acidic native soils in chronic disturbances.

Comparisons of other resource levels among disturbance types are difficult
because of small sample sizes; of the tweive disturbance types, six have sample
sizes of less than three. In order to draw some conclusions given the limitations of
the data, the means of variables for each disturbance type are compared for percent
cover of coltsfoot (Fig. 5.8); percent bare ground (Figure 5.9); pH (Figure 5.10);
relative PAR (Fig. 5.11); and percent cover of duff (no figure is presented for percent
cover of duff because it is absent - 0 percent - in all disturbance types). The total
mean for each variable among disturbance types is shown as a horizontal bar across
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Mean coltsfoot cover

Mean percent bare ground

Figure 5.8. C
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Mean relative PAR
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each graph, and disturbance types with higher than average values are considered
to be more to coltsfoot ization based on the correlation between
coltsfoot and physical vari: found in Table 5.3. Standard errors of
the means are included in Appendix V1.

Table 5.8 izes and scores the di types that have higher than
average values for all variables except duff cover. In all disturbance types duff is
absent, which is correlated to the presence of coltsfoot and scored in the table as a
favourable condition. Gravel and mineral substrates and their associated pH are

suitable for coltsfoot, and are also scored as a favourable condition.
Disturbance types with a high score out of a possible total of six are more

to coltsfoot ization: roads, rehabilitation sites, ski trails, shorelines,
slopes and gravel pits. Hydro right-of ways and insect kills have the lowest scores
and are i to be di with levels less for

coltsfoot.

Table 5.8. Summary of types vs. to coltsfoot
colonization. (x= value higher than mean for all disturbance types for variable, except for
duff which is absent in all disturbance types; g=gravei; m=mineral; o=organic).

Variable | rond | rehab | k1 | stream | shore | wiope | smimal | Wking | gravel | Fydro
trall rail el ot r.o.w. L

Theence [ x| % x % ¥ T x x x x x
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coltafoot

* bare T < ¥ =

ground
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6. Discussion

6.1 Introduction

This chapter discusses the resuits of the statistical analyses in the context of the
objectives of this study. The contributions of this study to the literature on coltsfoot
specifically, and biological invasion in general, are presented. Finally, directions for
further work are suggested.

6.2 Coltsfoot's impact on native diversity
Based on the analysis of resource levels, the data show that coltsfoot will not invade
native ti ities in GMNP. Resource levels in undisturbed

vegetation communities occur over time as an i ion b

vegetation changes and its effect on soil development. Some, but not all, disturbance

types from these histori is to those that enable invasion.

Th i levei to with levels

found in specific disturbances and vegetation types identifies those that are most
the type of di is often ined by the

type (for example, large-scale defoliation by insects is specific to conifer forests in
GMNP), the threat to native diversity is discussed as a function of both the receiving
envi and their i i types.

The i i coitsfoot and duff, relative PAR
and pH describe densely forested vegetation types where light levels are limited
and pH is low due to the acidity of coniferous litter and the absence of gravel. These

levels apply L balsam fir forest, heath dwarf scrub,
tuckamore, and black spruce forest and scrub, and therefore represent receiving
with levels i for foot. Coltsfoot also was not




d in the intertidal heath lichen tundra, and larch scrub, and was
rare in sandy dunes, ine barrens and bog. Heath dwarf scrub

was not observed or sampled.

In the case of natural disturbance environments such as slopes, streams, and
shorelines where coltsfoot is present, these resource levels reflect chronic
disturbances that inhibit the establishment of most vegetation and the accumulation
of organic soils or duff. Riverain thicket and meadow, or any vegetation type through

which streams traverse or i with ines, are prone to ization given
the frequency of ical di Only cliff site was sampled
at Tucker's Head (Fig. 4.1, transect 91), and while in theory this should be an ideal
site for coltsfoot because of the ically di high pH (7.98) it

was rare and in lower frequency than other introduced species observed. This may
be due to an absence of diaspores at the site.

Receiving environments that have acidic native soils should not be subject to
coltsfoot invasion, even when disturbed, unless gravel is brought in. Disturbance
types (such as hiking trails and roads) that include the importation of gravel that
neutralizes or buries acidic soils, and the i port of rhi: will

coltsfoot to colonize. In ine barrens and sphagnum
bog, coltsfoot occurred only in the presence of gravel, and in the case of serpentine
barrens, gravel seemed to mediate the toxic effects of the naturally occurring heavy
metals. Coltsfoot was not found on the acidic organic substrates of OSV trails on
bogs or on caribou trails in the heath lichen tundra. Disturbances that leave native
soils and some vegetation intact, such as grazing, hydro right-of-ways, and selective

logging, are not i i for the ization or proliferation of
coltsfoot.
The balsam fir forest is the most ible to coltsfoot
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it comprises the largest single vegetation type in the park, and because of the high
number of di to which itis subj Thirteen of the i
types are found in the balsam fir forest because of its aesthetic appeal to visitors,
the usefulness of its wood and browse to humans and animals respectively, and its
proximity to shores and brooks and the populated coastal plain. Coltsfoot may now
be a permanent component of the baisam fir forest given the disturbance regimes in
place, particularly those that involve the importation of gravel.

Coltsfoot can also colonize suitable natural disturbances in the back country

through wind dissemination of diaspores, carried in mud on hooves, or by the transfer
of rhizomes with aggregate for trail maintenance and construction. Coltsfoot was
found in relatively isolated sites, presumably as a result of wind dispersal, on a
gravel bar in a brook on St. Paul's Inlet, and near the Angle Pond cabin (Fig. 4.1,
transects 15, 84).

6.3 The of in

were by signifi different levels,
a lower abundance of coitsfoot, and a different suite of other vegetative species (<
50 percent similar between chronic and Both

resources and interspecific competition may, therefore, play a role in the recession
of coltsfoot over time. However, it is not known whether or not coltsfoot was an
original colonizer of these disturbances. Long-term plot studies that measure the
change in and track the species shift over time may be able
to isolate the mechanisms of competition that replace coltsfoot.

While Namura-Ochalska (1988, 1989) and Bakker (1960) reported the exclusion
of coltsfoot by other species in their studies, it physical
conditions with competition provided by only species in Namura-O '
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(1988, 1989) study, and one other species in Bakker's (1960) study. Namura-
Ochalska (1988) predicted that the p f species mighttake long

in low nutrient sites, and this may be the case in GMNP. Compared to the Polish
studies, which were conducted in fallow agricultural fields, (Namura-Ochaiska 1987,

1988, 1989, 1993a,b,c), conditions in GMNP show a greater heterogeneity of
ing and a greater diversity of competition. The process of species
replacement observed in Poland is unlikely to be replicated in GMNP.

With the ion of soil moi igni shifts in, or amplification of,
occur with disturb ds i for coltsfi i for

germination, is not a limitation in GMNP where there is little or no moisture deficit
during the growing season (Clayton et al. 1977).

The i iate level of found in
atendency for resources to retum towards the levels found in undisturbed vegetation

types as canopy increases, lowering light levels and acidifying soils due to the
indufflayer. These levels are i for coltsfoot, and should

cause it to decline over time. However in chronic disturbances that maintain
favourable conditions such as along roads, hiking trails, shorelines, streams and
slopes, coltsfoot may persist indefinitely.

6.4 Origins of coltsfoot invasion in GMNP
Coltsfoot invasion in GMNP is not a result of either anthropogenic or natural

I When di iginis ing to level

both ic and natural di provide suitable conditions for its
colonization. However, the establishment of roads, ski and hiking trails, and gravel

pits are all activities associated with the building and maintenance of parks
infrastructure. The suitable conditions found on lines and slopes
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to park activities and existed before the opening of the park when coltsfoot plants
were “relatively few” (Bouchard et al. 1978).

The foot and the of gravel indi that
the recent of is to park activities. The
and use of iles is the link in the of the park

infrastructure, specifically road and trail construction and maintenance. Gravel is
notonly associated with increased soil pH, but carries rhizomes which are dispersed
when and where gravel is used. The reconstruction of roads and the establishment
of trails over a relatively short time provided an ideal habitat for the establishment of
both diasp and i

The process of coltsfoot invasion in GMNP can be reconstructed by

observations of contemporary quarry conditions, discussions with local residents,

with the i istics of coltsfoot. Following initial gravel
exploitation, quarry rims were colonized by coltsfoot, where it was also found
during for this study (Plate 6.1). Stockpiles provided adequate
habitat for the i of izing species, i which

supplied ample diaspores from the nearby rims. The residency time of stockpiles
allowed for the above and below ground establishment of coltsfoot, which favours
below ground production of rhizomes in low nutrient sites such as gravel stockpiles
(Plate 6.2). Road and trailside colonization occurred initially through the distribution
of viable rhizomes in the aggregate.

During fieldwork for this research, rhizome-laden fill was observed to be
excavated at Little Brook gravel pit, Glenbumnie (Fig. 3.3). The operator of the power
shovel was to deposita of pproxi 2m*)onto
an unvegetated surface. The largest coltsfoot plants were extracted from the fill and
photographed (Plates 6.3, 6.4). Further material from this extraction was observed
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UosyoupURH IAiBuD

Plate 6.1 Coltsfoot on Cod Knox Quarry rim, August, 1997. (white bar in foreground
= one meter)

uosyoUpURH IKisyD

Plate 6.2. Coltsfoot favours below-ground production of rhizomes in low-nutrient
sites such as gravel pits. Little Brook Quarry, Glenburnie, August 1997.
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Plate 6.3. Freshly from slope with coltsfoot. Little
Brook Quarry, Glenburnie, August 1997.
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Plate 6.4. Coltsfoot extracted from power shovel bucket-load (approximately 2m’)
of aggregate. Little Brook Quarry, Glenburnie, August 1997.
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to be spread immediately after excavation, and coltsfoot's successful establishment
under this condition is likely.

The timing of road construction from the late 1970s to mid 1980s, a local
housing boom (Anions 1993), along with changes in trail maintenance and
construction procedures 13-18 years ago, coincide with the noticeable presence of
coltsfoot at the roadsides approximately 13 years ago (Butler, Hermanutz, personal

1997). The of from rhizome fragments
distributed in the construction gravel was likely followed by the dissemination of
diaspores over large areas of suitable habitat that was provided in a relatively short
time. Suitable habitat includes an abundance of neutral soils on the road shoulder
frequently disturbed by grading, sand and grave! deposition, and slope instability on
steeper grades. Vegetation clearing for roads and trails also provided appropriate
light levels.

Based on other studies (Rouleau and Lamoureux 1992; White 1994) coitsfoot
was present in locations south of the park and in the park previous to its opening in

1973 (Fig. 2.1). At this time, coltsfoot was not found eisewhere on insular
Newfoundland other than the Avalon Peninsula (Fig. 2.1). Channel-Port aux Basques
(Fig. 2.1) may have been the entry point from North Sydney, Nova Scotia, for

p for western One has noted that during the
period of dissemination in mid-June in GMNP, airborne diaspores adhere to the
mud on vehicles using the park’s hi (Hooper, i 1997).
It is likely that Nova Scotia ions crossed to as di
attached to mud on vehicular ferry traffic, as well. Populations moved as a northward
frontand were avail i itable i ided by road J

in GMNP.
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6.5 Coltsfoot as an invasive

In GMNP rhizome fragmentation and dispersal in gravel appear to have been the
mode of invasion. But the spread of rhizomes from the parent piant is another form
of clonal reproduction that may be of concem for the park. The spreading of attached
rhizomes may take place at different levels in the substrate, so that the emerging
shoots may not be subject to surface soil conditions such as particle size, moisture
and pH, or to interspecific competition from shallow-rooted plant species. For
example, adventitious roots that supply water in dry periods reach depths of 1-1.5
m (Bakker 1960), and on loosely sodded plots from 1-5.6 m (Namura-Ochaiska

1993a) and may by di However,
the absolute lower limit of light which is tolerated by emerging coltsfoot shoots has
not been i nor whether i are i under low light
conditions.

In two instances coltsfoot was found to have spread from a disturbed area
into adjacent undisturbed vegetation. In the St. Paul's Inlet site (Fig. 4.1, transects
13, 14, 92, 93), coltsfoot was found beneath I conifers sparsely dit
among the native herbaceous ground cover and moss of the balsam fir forest 4 m

from plants growing on an erosional back of a stream. The insect kill represents an
amplification of radiation, but there was no obvious soil disturbance.

Similarly, coltsfoot invaded a sloping fen from the shoulder of the Lomond
road (Fig. 4.1, transects 90, 11, 112). While the upgrading of the road in 1989
represents a disturbance that may have changed water quality or quantity, there

was no obvious soil di inthe fen. Ci was sparsely distril about
50m i to the road edge ing the downhill grade, emerging among
dense native vegetation.

If vegetatively-reproducing coltsfoot is more tolerant of low pH, light levels
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andi ific competition than are lly-repi ing indivi it may have
invasive capabilities in sites with no obvious soil disturbance. Coltsfoot found in
these conditions is, however, rare, with only two such sites observed during the

course of fieldwork.

6.6 Contributions of this study

Most of the published literature on coltsfoot originates in Europe and Great Britain

where coltsfoot is native, and was in toits status as

an agricultural and ruderal weed, and notas i i of natural
This study toan ing of the factors g its

distribution in a native, North American ecosystem.

Soil pH has not been expiored or identified as a limiting factor for coltsfoot,
and this is likely a consequence of the context of the studies. Coltsfoot as a ruderal
and agricultural weed abroad occurs where adjacent soils are likely of neutral to

basic pH. In GMNP, soils adj; to are i the
acidic native soils found as a of peat ion in bogs and
coniferous litter, both of which occur as a of the boreal

Coltsfoot does not have the same tolerance for acidic soils in GMNP as has

been rep in the in England, and Whi (1965)
successfully germinated coltsfoot at a pH of 4.0, although survival rates were not
reported. Coltsfoot's preference for neutral to basic soils does agree with other
findings, although the highest pH of 8.3 in the present study falls short of its upper
limit of 10.0 in the lime waste dumps reported by Myerscough and Whitehead (1965).
Itis likely that substrates with a pH of 10 do not occur in GMNP.

Previous research has identified light intensity as a limiting factor in coltsfoot
distribution. In GMNP, coltsfoot was found growing at the lowest reading of 2.31uE
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[ d petioles gy of shade leaves. Bakker (1960) reported

stunted growth below 10uE m?s-, the lowest light reading published for coltsfoot. it

is possible that mature coltsfoot is more tolerant of low light levels, at least in the

short term, than anticipated. This would allow it to colonize soil disturbances where

the canopy is still intact and pH levels are high, although the vigour and survival of
ions may not be

Coltsfoot does not face similar altitudinal limitations in GMNP such as those
found by Waltz (1962) on the Gaspé Peninsula. Where it is found at elevations
above 150 m in GMNP, it is not enabled by aspect. Waltz's study did not include
vegetation types or soil pH above 150 m, the limitations may not be necessarily
those of climate 0 9 However,
was not observed on Big Level at approximately 650 m asl at streams or on animal
trails, but soil pH in these disturbances ranged from 3.99-5.2 (Fig. 4.1, transects
145-147).

Rock, sand and gravel have were identified previously as suitable substrates
for coltsfoot (Steubing 1948, Ploeg 1950, Waltz 1962, Myerscough and Whitehead
1965, Namura-Ochalska 1987, 1993c). However, the effect of gravel on acidic native
soils, and the anthropogenic use of gravel as a factor contributing to the spread of

coltsfoot, has only been di as it of this into th
of the invasion of coltsfoot in GMNP.

ugl rhizome assisted by human activities occurs
elsewhere, such as the topsoil piles in , Ontario,
observation) it has not been rep in the i Dispersal under
these conditions are limited by the viability time of the rhizome (which is not known)
and the depth of burial. Di by and other




is also limited by the economic viability of long distance aggregate or topsail transport.

In the larger context, this study i to the study of i X
by analyzing invasion as a function of a change in resources that accompanies
i . The appi ofusing shifts and amplifications as described

by Fox and Fox (1986), in combination with Bazzaz's (1983) functions of invasion,

has proven to be useful and accurate in describing the invasion of coltsfoot in Gros

Morne National Park. This demonstrates that invasion is not solely a consequence

of the biology of the species, the approach which is often taken in the literature.
The invasion of alien species indi a change in a unit of

- particularly parks and nature reserves - different from historic levels. Invasive
monocultures may cause trophic and ic physical but

their i is only an indication of a change in resources, whose cause
may be local or distant, and whose effects may be subtie or obvious, upon which
invasive species depend. The nature, type, and origin of the disturbance that is

represented by invasion should be i i and if more
hanges to native are to be
Ki of di 2l 44

to coltsfoot will allow GMNP to address their maintenance and construction

procedures so as not to further il toits ion (see App Vil for
i For le, rhi; {aden gravel should not be
to sensiti I ions of rare plants. The
of bare quarry rims before they become colonized by coltsfoot will also be useful in
limiting p i to iles. This may prove to be more effective in
ing coltsfoot to it ling biological controls alone.




6.7 Further research
Long-term plot studies of disturbances in GMNP among different vegetation types

will ine the role of speci asa f coltsfoot
and should track the specific from i to those
i the initial di through early ion. In p

tracking the fate of rhizome-laden fill would confirm the invasion scenario presented
in this study.

An excellent opportunity for long term monitoring of coltsfoot and its effect on
rare species is the orchid site where the showy lady's slipper populations
(Cypripedium reginae) were investigated by Burzynski (1989) and where coltsfoot
was absent previous to the upgrading of the Lomond Road (Fig. 4.1, transects 80,
111, 112). Cypripedium reginae is a rare plant in Newfoundland and in Canada.
Baseline species data existin Burzynski's (1989) report in addition to data collected
for this study. Future data collection should inciude species, light levels at different
times of year, coltsfoot cover and range, soil type and pH. Water quality and quantity
should also be i i asa of i given the lack

of obvious soil disturbance.
Light level measurements in the Lomond orchid site and other field plots
would allow for the prediction of coltsfoot's longevity under the reduced light levels

of ies. Comp gl il of limiting light levels would
also fill this gap in the literature.
The ial i of coltsfoot ions is likely to occur in other
rapid ion through by the i
and redistribution of both gravel and topsoil. Where this occurs in jurisdictions
where the spread of non-native species is should be i
to prevent it.

81



References

Aber, J. D. (1993). “Modification of nitrogen cycling at the regional sale The subtle
effects of af heric deposition®, Humans as Components of Ecosystems:
The ecology of Subtle Human Effects and Populated Areas. New York:
Springer-Veriag.

Anions, D. (1993). “Aggregate material extraction”, Park Management Plan Issues,
Internal Report, Gros Morne National Park, Rocky Harbour, Newfoundiand.

Anions, M. F.E. (1994). The Flora of Gros Mome National Park: Resource Description
and Analysis, Parks Canada, Atlantic Region.

Bakker D 1960). “A comparative life-history study of Cirsium arvense (L.) Scop.
ussllago farfara L., the most troublesome weeds in the newly reclaimed
of the former Zuiderzee”, The Biology of Weeds, John L. Harper, ed.,

Oxford Blackwell Scientific Publications.

Banfield, C. (1988). The Climate of Gros Mome National Park, Memorial University

of Newfoundland.

Banfield, C. (1997). Personal June 18, 1997,

ial University of St. Johns,

Bazzaz, F.A. (1983). “Cl istics of ions in relation to di in
natural and dified and
eomponams of Response, Mooney and Govdon eds., New York: Springer

feriag.

Bostock S.J.,and R. A. Benton (1979). “The ies of five p

posntae Joumnal of Ecology 67, pp. 91-107

Bouchard, A. (1974). The Coastal Plain Vegetation of the Gros Mome National
Park, Contract 71- 138meagtoﬂndmAhmand Northern Development,
National and Historic Parks Branch, Ottawa. 171 pg 2 maps: section 1/2
northern part and section 2/2, southem part scale

Bouchard, A. and S. Hay (1976). “The vascular flora of the Gros Mome National
Park coastal plain, in Newfoundland”, Rhodora, 78 (814), pp. 207-260.

Bouchard, A., S. G. Hay, and E. Rwhau (1978). “The vascular fiora of St. Barbe
South Dustnct Newfoundland: An i ntarprata jon based on biophysiographic
areas”, Rhodora 80(822),pp 228-308.

Bouchard, A S G. Hay, C. Gauvin, and Y. Bergeron (1988). The Vascular Fiora of
Gros Mome National Park, Newfoundland, Canada. Contract GM 83-20 with
Parks Canada, Gros Mome National Park, Rocky Harbour, Newfoundiand.

Bouchard, A., S. Hay, Y. Bergeron, and A. Lsduc (1991) “The vascular flora of
Gros Mome Nanoml Park,




MM P.L Ni : wTJCm::':« mm&num
to  P. L. Nimis and T. J. . eds., g
KluwarAudenic;ubNm.

Bouchard, A., and S. Hay (1922). Vggefation. Gros Morne National Park,

3 i y 3 eport 54,

1:150,000.

J.andG.R. (1984). A Baseline Study for itating Adverse
Impact Due to Gros Mome, iversity of
St. John's, Newfoundland.

Bright, Chris (1998). Life out of Bounds: Bioinvasion in a Borderiess World, London:
W. W. Norton.

Brown, A.H.D.,and J.J. and Burdon (1987). “ ngt:ymmmmniziwum
in plams Colonization, Succession and Stability, A.J. Gray, M.J. Crawley,
and P.J. Edwards, eds., Boston: Blackwell Scientific Publications.

Bunting, A.H. (1960) “Some reflections on the ecology of weeds’, The Biology of
gW J.L. Harper, ed., Oxford: Blackwell Scientific Publications el
i, M.P. (1989). i the Showy Lady’s Slipper in Relation to the

Reconstruction o!the Lomond Road Internal report, Gros Mome National
Park, Rocky Harbour, Newfoundiand.

Burzynski, M. (1997). Personal communication, June 13, 1987, Rocky Harbour
Newfoundland.

Butler, K. (1997). Personal ication, D of
University of St. John's

Canada, (1990)a. Gros Momne, Canada. 1:50,000, sheet 12 /H12. Ottawa: Canada
Centre for Mapping, Energy, Mines and Resources.

Canada, (1990): St. Paul's Inlet, Canada. 150000 M1ZM13 Ottawa: Canada
Mapping, Emrgym\es

Canada, (1990)c. Lomond, Canada. 1:50,000, M12/H5 Ottawa: Canada Centre
for Mapping, Enugy. Mines and Resources.

anada (1990)d. Skinner Cove, Canada. 1:50,000, sheet 12 /G9. Ottawa: Canada
entre for Mapping, Ensrw. Mines and Resources.

Canada, (1992). Trout River, Canada. 1:50,000, sheet 12 /G8. Ottawa: Canada
Centre for Mapping, Energy, Mines and Resources.

Canaduan Parks Service (1990). Resource Description and Analysis: Gros Mome
al Park, Nu(tfoum;lnnd Rocky Harbour, NF: Resource Conservation,
Gros Morne National P:



CIayton J.S., WA. Erlich, D. B. Cann, J. H. Day and |. B. Marshall (1977). Soil
Report, Ottawa: Agnculmre Canada.

Cooper, K. (1981). “Alien anthropophytic vegetation of the Avalon Peninsula” The
aturaé; E&wm of NawfoundlandNPFesGl::gd Pmsem:‘phemn
lemorial

University of Newfoundland

Crawley, M. J. (1989). “Chance and llmln lI‘| blolo lcal mvasmns Biological
Invasions: A Global Pe Mooney, F. di Castri, R.H.
Groves, F. J. Druger, M. Rejm: anek andM Wlllamson eds., Toronto: John
Wiley & Sons.

Curran, P. L. and F. S. MacNaeidhe (1986). “Weed invasion of milled-over bog",
Weed Research, 26 (1), pp. 45-50.

Deichmann, K. H. (1991). The Purple L (Lythrum rowing in
the Lomond yUseArea Intemal Repon Gros Mome National Park, Rocky
Harbour, Newfoundiand.

Department of Canadian Heritage (1996). Gros Mome National Park Ecosystem
mfgn :Ian Parks Canada, Gros Mome National Park, Rocky Harbour,
e Ul N

Drake, J. A, H. A. Mooney, F. di Castri, R.H. Groves, F.J. Kru(ger, M. Rejmanek,
and M. Williamson, eds. (1989). {
Toronto: John luy&sons

Englund, B. (1942). “Die F ilung auf den von Gotland",
Acta Bot. Fennica 32, pp. 1-282.

Fernald, M. L. I‘51911). “A botanical expedition to Newfoundland and southern
Labrador*, Rhodora 13, pp. 109-162.

Fernald, M. L. (1926). “Two summers of botanizing in Newfoundland” Rhodora 28,
;&29-63 74-87, 89-111, 115-129, 145-155, 161-178, 181-204, 210-225,

Fernald, M. L. (1933). “Recent discoveries in the Newfoundiand flora” Rhodora 35,
pp. 1-16, 47-63, 80-107, 120-140, 161-185, 231-247, 265-283, 298-315, 327
346, 364-386, 395403,

Fox, M. D. and B. J. Fox 1986) “The susceptibility of natural communities to
invasion”®, Ecol Biological lnvas:ans, R.H. Groves and J. J. Burdon,
eds., New York: ambrldga University Press.

Gangs'ad E. O. (1982). Weed Control Methods for Rights-of-way Management,
ca Raton, FLA: CRC Press, Inc.

Gerola, F. M. (1940). “La gal si durante lo svennamento nella flora alpino®,
(“Gametogenesis among alpine plants during winter"), Nuovo Fior. Bot. Ital.

84



47(2), pp. 323-348.

Gleason, H. A. (1968). The New Britton and Brown lllustrated Flora of the
Northeastern United States and Adjacent Canada, New York: Hafner
Publishing Co. Inc.

Goudie, A. (1986). The Human Impact on the Natural Environment, Oxford: Basil
Blackwell.

Grime, J. P. (1979). Plant gies and 7 New York: Wiley.
Groves, R. H., and J. J. Burdon, eds. (1988) Ecology of Biological Invasions, New
York: Cambﬂdgeu iversity Press.
t Rob (1989). D; ics of Biological Invasions, New York: Chapman
and Hall.
t itz, L. (1997 i May 1997, D of Biology,
(I ) ity of St. John's, i

Hobbes, Richard J. (1989). “The nature and effects of disturbance relative to
invasions®, Biological Invns:ons A Global Pnrspectl J.A. Drake, HA.
Mooney, F. di Castri, R.H. Groves, F. J. Drugor Rejmanek and M.
Wlllamson eds., Toronto: John Wllsy&

Holm, L. G., D. L. Plucknett, J. V. Pancho, and J. P. Herberger (1977). The World's
Worst Weeds: Distribution and Biology, Honolulu: University Press of Hawaii.

Holm, L., J.V. Pancho, J.P. W and D.L. Plucknett (1979). A Geographical
Atias of World New : John Wiley & Sons.

Hom:é%mmmu Numata, eds Bon:n w

Hooper, R. (1997) ion, June1997, D of Biology,
P ial University of St. John's,

Jenniex, B (1997) Personal communication, August 1997, Gros Mome National
Park, Rocky Harbour, Newfoundland.

Karisson, L. 1969 “Some new localities of lants in Lule Lappmark in northem
( gVolTiskr 63 (3), pp. 36&385

Kartesz, J. T. (1994). A Synonymized Checklist of the Vascular Flora of the United
S ates, Canlda and Greenland, 2nd ed., vol. 2, Portland, Oregon: Timber

Kay, J. and E. i 1994). i ity: The of the
Y, J. an (' ). “En 08




Kent, M!f"nd P. Coker (1992). Viegetation Description and Analysis, London: Belhaven
ress.

IIAOd. i VSK;wvlnleMlkhysyenka(WSQ)
mergg_r; gumpt (Dormsk rsglon), Ukrayins'ki Batamchnyl Zhumal, §1(2-3),
PP

Kornberg, F.R.S. and M.H. Williamson, eds. (1987). Quantitative Aspects of the
Ecology of Biological Invasions, London: The Royal Society.

Krebs, C. J. (1985). Ecolog
Abundanoe York Harpor& Row, Puﬁhsrms

Leuchs. F. (1961) Umersuchungsnl)berdkolog:e und bekémpfungs-moglichkeiten

des huflattichs (Tussilago farfara L. march on the bu:loquagnd means

of control of coltsfoot ssmqo fallara L. 1. Biology of the coltsfoot and
control by culti o?y) pp. 32-43.

MacDonald, I. A. W,, L. L. Loope, M. B. Usher, and O. Haminn (1989). “Wildiife

c?nselrvatlon and the i mvauor; ’of nature r:sgr’xzs’ l;OQdJ pec kA

al perspective”, Biological Invasions: al Perspective, rake.

El Mooney, F. di Castri, R.H. Groves, F. J. Druger, M. Rejmanek, and M.
Wvlhamson eds., Toronto: John Wiley & Sons.

Meihuish, J.H. Jr., P.R. Beckjord and W.G. el (1987) "Flowenn requirements
of Tussilago farfara”, T i afvtgg ga f Science, 48
(1-2), pp. 1-4.

Meunscher, W. C. (1980). Weeds, 2nd ed. Ithaca NY: Comnell University Press.

Meusel, H. (1943). “Vegetationskundliche Studien uver mitteleuropaeische
Waldgeselischaften. [I. The beech woods on the steep coast of West Prussia”]
Bot. Arch. 44, pp. 342-361.

P.J. (1965) “C biol gyofTussﬂagolalfaraL Chamaenerion
(L.) Scop., Epil ndEp:Iobmmadenocaulon
g?gsskn 8 Genam blology and germination”, Naw Phytol. 65 (2), pp. 192-

and

Myerscmrlgh, P.J. and F. H. Whif (1967). “C ive biology of

farfara L. Chamaenerion angu: lium (L.) Scop., Epilobium montanum L.
and Epilobium adenocaulon Hausskn., Il Growth and Ecology”, New Phytol.
66, pp. 785-823.

Namura-Ochalska, A. (1987). “F ion and germi of Tussilago farfara (L.)
i ", Acta Societati ! Polonige. 56 (3), pp. 527-542.

Namura-Ochalska, A. (1988). ‘Recesslon of Tussilago farfara (L.) poﬁ:lation from
the agrocoenase as a result of cultivation abandonment. | The effect of

, Acta ige.




57 (3), pp. 371-386.

Namura-Ochalskl A. (1989). ra (L.) from
the agrocoenose as a mun 01 cumvatlon a;andonmem il. The effect of
fallowing on shoot mot and their biomass”, Acta Societatis
Botanicorum Poloniae., 58 2). pp 85-300.

Namura-Ochalska, A. (1993)a. “Expansion of Tussilago farfara L. in disturbed
environments. |. Population renewal under conditions of planl cover

, Acta Poloniae. 62 (1-2), 75-8
Namura-Ochalska, A. (1993)b. Explnuon of Tussilago farfara L. in disturbed
environments |I. Population reaction to simulated cultivation”, Acta Societatis

Botanicorum Poloniae, 62 (1-2), pp. 83-89
Namura-Ochalska, AI (1993)c. “Expansion of Tuss:lego farfara L. in disturbed
Acta Societatis Botanicorum Poloniae. 62 (1-2), pp 91-99.

Ogden, J. (1974). “The reproductive strategy of hi Eghqr plants II. The reproductive
strategy of Tussilago farfara L., Journal of Ecology 62, pp. 91-108.

Ontario Institute of Pedolﬁy (1982) Field Manual for Describing Soils, 2nd ed.,
Guelph: University of Guelph.

Orians, G.H. (1986). “Site characteristics favoring invasions”, Ecology of Biological
Invasions of North America and Hawaii, H.A. Mooney and J.A. Drake, eds.,
New York: Springer-Veriag.

Parks Canada (1996). Gros Mome National Park Ecosystem Conservation Plan,
Rocky Harbour, NF: Department of Canadian Heritage, Parks Canada.

Ploeg, D.T.E.v. d. (1950). “Een iTein in Fnesland"["Asludge—dump in
Friesland”], Levend Natuur 53 (6), pp. 108-114.
Pysek, A.P.P. (1988) “Zur der i und ersle
Abbaudeponien in Bohmen™ l"The spontaneous ion of dumps from
ansgx_v;gg ores and in ), Preslia €0 (2), pp.

Radosovich, S. R. and J. S.Holt (1984). WoedEcology Implications for Vegetation
Management, Toronto: John Wiley & S

Randall, J. M. (1997). “Defining weeds of natural areas”, Assessment and
ManagamenrofPlam Invasions, James O. Luken and John W. Thieret, eds.,
New York: Springer.

Ramsell J. and N. D. Paul (1990). “Preferential grazing by molluscs of plants infected
by rust fungi”, Oikos (58)2, pp. 145-150.

Rejmanek, M. (1989). “Invasibility of plant ities”, Biologi ions: A

87



Global Pe tive, J.A. Drake, H.A. Mooney, F. di Castri, R.H. Groves, F. J.
Druger, M. Rejmanek, and M. Wll|amson s., Toronto: John Wiley & Sons.

Resource Conservation (1985). Site Rehabilitation Management Plan, Gros Mome
National Park, Parks Canada, Atiantic Region.

Rouleau, E. and G. Lamoureux (1992). Atlas of the Vascular Plants of the Island of

Newfoundiand and of the Islands of Saint-Pierre-et-Miquelon, Saint-Henri-
de-Levis, P.Q.: Fleurbec.

Rose, M. (1998). The Distribution and Abundanoe of Exotic Plants in Tena Nova

National Park, Honours
of NaMoundland

Rose, M. (in progress). MJalhte!s thesis, Dept. of Biology, Memorial University of

Rowe J S. (1978) 'COncspts of fire effects on plant individuals and species”, The
Circumpolar R. W. Wein and D. A.
MacLean eds New York: John Wiley and Sons.
Salesbury, E. S. (1943). “The fiora of bombed areas”, North Western Nat. 18 (3),
Ppp. 160-169.

Seraya G.P.andS.V. Komov(1972) *O: aﬂrush o ok
rasteniyam’’, [* npamm ‘ash dumps by flowering
plantsﬂkolog:ya 3 (4) pmes

Nanako and i (1997). Biological Invasions: Theory
and Practice, New York: Oxford University Press.

Smith, Robert Leo (1992). Elements of Ecology, 3rd ed., New York: HarperCollins.
Steubing, E. (1948). “Einfluss der Brandung auf die Sandstmndvsge{ahod‘ S'
gvg :urfon sandy shore 1, Zeitschr. 3b (7/8), pp. 203-

Stevens, R. K. (1992). Surficial Gros Mome National Park, Newfoundland,
Geol logical Survey of Canada, liscellaneous Report 54, scale 1:150,000.

Terpo, A. and K. E. Balint (1985). “Studies on ?iants colonizing red mud surfaces”,
Botanikai Kozlemenyek, 72 (1-2), pp. 2

Van der Zweep, J. S 2). “Golden words and wisdom about weeds”, Bi
E o he , W. Holzner and M. Numata, eds., Boston: Dr Junk
ublis| rs

Waltz, D. (1962). Phytogeographica Laurentiana, Iil. “Les conditions de distribution
o Gaspésienne du Tussilago Farfara L.”  Naturaliste Canadien 89 (2), pp. 38-



White D. J., E. Haber, and C. Keddy (1993). Invasive Plants of Natural Habitats in
Canada, Ottawa: Habitat Conservation Branch.

White, L. J. (1994). “The distribution of selected exotic weeds in Channel-Port aux
Basques, Ncw'ound Cam:'a Honours dissertation, Department of

Wiliiamson, Mark (1996). Biologiul Invasions, New York: Chapman and Hall.

WoodleySJJKnyG HemageRuoureuComCanadem

Service (1 Integrily the Management of Ecosystems, S
Woodls)('.l Knymd Frlnusads Delray Beach, FLA, St. Lucie Press.

Woodley, S. (1996) “A Scheme for ecological monitoring in national parks and
Iey ", Environments .Iaumal 23 (3), pp. 50-73

H.H. %995)‘ “Oi and of the ions of
il ra L. (A at th- Ukrai Clrpllhllnl in the zones
ic impact’, L ins'ki [ i Zhumal, 52(4), pp. 465-

472,



Appendix |

Survey for the of along Highways 430 and 431 in GMNP
map ref. total kms. |  no. of kms. UTM ret/ no. of kms. from
‘where kms. from ‘walking north
surveyed coltsfoot north checks boundary
‘absent boundary
St. Pauf's Inlet 30 ] ] 15.16,17.18.21
12H13 24
(Hwy 430)
Gros Mome “ 1 34 km 2 49
12 HN2 283912
(Hwy 430) Salty's Cove
Lomond 18 ) 2 73,74
12H/S
Robinson's Cpve
(north map edge)
to south park
entrance
(Hwy 430)
entrance
Lomond 23 0 1 2
12 HS
(Hwy 431 to Trout,
River tu
Trout River 21 2 184799 3 27
1268 39km
(NAD 1983) Trout River
(Hwy 431 Trout
River tumoff to 187782
sw. exit) 40km
Trout River

The extent of roadside colonization by coltsfoot on Highways 430 and 431 was
assessed from a car traveling at 80 kmvhr. Starting at the flagpole at the north
boundary marker of the park and driving south, the p
was noted in the first 100 m of each
from the car in the first 100 m, a walking check of both road sides of that iength was

of

If coltsfoot was not



Location of where foot was absent were noted with a
GPS. Walking checks were noted as a kilometer distances from the flagpole at the
north park boundary for Highway 430, and from the park entrance on Highway 431.
Of 134 measured kilometers of survey on Highways 430 and 431 (Fig. 1.2)
coltsfoot was absent in only three one-km sections. These occurred in the enclaves
of Sally's Cove, Trout River, and one km south of Trout River. Although coltsfoot
was continuously present along the highway in the north of the park, more walking
checks were carried out there than for the central or southern part of the park.
Coltsfoot was observed from the roadside survey and other fieldwork to be less
abundant in the north of the park than eisewhere.
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Appendix Il

utm for sites to y Figure 4.1
First two digits in series are the transect number, followed by the six digit easti
ordinate. Easting-northing references are unique within Gros Mome National Park.

01334 968 29 328 970 56 385 197
02334 968 30328970 57382 148
03 334 968 31328070 58 385 148
04 334 968 32328970 50422136
05 334 968 33328970 60418 138
06 334 968 34 328 070 61415 149
07 328 970 35470813 62 397 152
08 328 870 36470813 63 299 808
09 328 970 37470813 64 208 806
10 333 959 38470813 85 205 807
11443836 39470813 66219824
12 400 808 40470813 67 320 809
13484 181 41448258 68236 854
14 464 181 42459 338 69234 857
15455 181 42458335 70222 859
16 388 912 43458 334 71222850
17 368912 44438268 72215883
18 368 912 45438 268 73275817
19 427 832 48436243 74 185789
20 446 308 47 435240 75198818
21376912 48432235 76 382 760
22376912 49 376 208 77 382 760
23358 888 50 376 208 78 388 765
24358888 51458 322 79 398 765
25358 888 52458 322 80 468 807
26467810 53376 208 81471808
27 328 970 54 349 131 82472809
28328970 55373 160 83514 789




84 385 042
85379 908
86 379 908
87 379 908
88 465748
89 465 748
90 455 765
91444 796
82333858
93 464 181
94 464 181
95427 832
96 427 832
97 446 308
98 467 810
99 467 810
100 467 810
101 467 810
102 467 810
103 467 810
104 467 810
105 467 810
106 467 810
107 379 908
108 379 808
109 379 908
110 379 908
111455 765
112455765
113198818
114 458 322
115349 131
116 397 152
117 376 208

118425283
119425283
120 299 806
121 299 806
122 299 806
123327810
124 414 915
125 440 843
126 333 858
127 319 848
128428 834
120 388 912
130 358 888
131 308 036
132467813
133445311
134432248
135 377 201
136 437 268
137438283
138 382 148
138 247 832
140247 833
1412168 839
142211 849
143424 524
144 402 908
145 452 058
146 453 067
147 452 058
148 452 058
149 453 320

150 458 328
151457 329

152435240




Appendix Il
Species found in chronic and maturing disturbances

Species are listed for chronk: (c) and mltnrlng (m) dmmnneu Origin is nnm (n) mtmduetd (0]
or unknown (u). Unki

species of the genera are known. Gleason (1968) was ma authority used 'of mﬂchlure but
updated according to Kartesz (1994).

Disturbance
level

s
§
H

Synonyms (Kartesz 1994)

Agrostis tenuis Agrostis capillaris
Agropyron repens Elytrigia repens var. repens
Alnus crispa Alnus vividis spp. crispa
Alnus incana spp. rugosa

°°339333833333383§

c—333333~=—=33-33
S
-3 s
-

Arenenia stricta Minuartia michauxii var.
Aster nemoralis Oclemena nemoralis

~—~533€33333333~-3c333
g

Cerastium vuigatum Cerastium fontanum spp.
wuige

9 98°393°3°°333833°33°

i




°0038998°98898°999333998398°°3393393°938°3°33333933333¢3

3-33533335-33—-333-3333E——3€3€£3333 "3333E€333C€E33 733333

Comus stolonifera Cormus sericea ssp. sericea

Dryopteris expansa Dryopteris carthusiana

pilobium ciliatum Epilobium ciliatum ssp. ciliatum

Heracieum lanatum Heracleum maximum

Hieracium pratense Hieracium caespitosum
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€ 3533353€E593€333333€~=93333~-3€E€ =33 33 "3~ =333-33=3"=

Rorippa nasturtium-aquaticum

A anserina
Pentaphyiloides floribunda

Sambucus racemosa



988°38333333333
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Appendix IV

Variable codes and raw data
SITE (transect number) 12 cutting blocks
13 hydro right of way
14 insect kil
PLOT (disturbance level) 15 beaver dam
16 beaver cut
1 chronic 17 ok garden
2 maturing 28  rehab/moosetrail
3 undisturbed 45 osvistream
48 OSV traiimoose trail
VEGTYPE: (vegetation type) ‘osvihiking trail
63 shore/iking trail
1 grassy dunes slopetral
2 intertidal satmarsh 80 hiking trailmoosetrail
3 sedge fen and bog
4 bog 'shore/mocse trailhiking trail
5 riverain thicket and meadow 914
6 larch scrub 1214
7 black spruce forest and scrub 5814  stream/moose kill
8 tuckamore 5011 stream, trail, dune
9 heath dwarf scrub 5914  streamvhiking trailbugkill
10 balsam fir forest
11 heath lichen tundra DISTAGE (disturbance age)
12 serpentine bamens
13 caicarecus ciffs 1 chronic disturbance
14 settied areas % na
COLTCOV (percentage cover of coltsfoot)
AT (elevation) 00
1 >0-5%
2 6-25%
3 2850
ASPECT  (aspect) 4 51.75%
5 76-100%
99 flat
PAR photosynthetically active radiation level
(microeinsteins)

DISTYPE (disturbance type)

1 road DELTPAR (relative PAR)

2 rehabilitation site

3 wkitrail SOILCOMP (soil composition)

4 over snow vehicle (osv) trail 1 clay

5 stream 2 sit

6 shore 3 sand

7 siope 4 gravel

: moose trail : rock
hiking trail organic

10 gravel pt 12 claysit

11 sand dunes 13 claysand



14 clay gravel DGRP (disturbance type)

15 clay rock
16 clay organic 1 road
23 sittsand 2 rehabilitation site
24 silt gravel 3 sk trail
25  silt rock 4 OSVtrail
34 sand gravel 5 stream
35 sand rock € shore
36 sand organic 7 siope
45  gravel rock 8 animal trail
48 gravel organic 9 hiking trail
134 clay sand gravel 10 gravel pit
145  clay gravel rock 11 sand dunes
345 sand gravel rock 12 clear cut
13 hydro right of way
SOILMOIS (soil moisture) 14 bug kil
1 dy 15  beaver dam
2 moist 18  beaver cut
3 satursted 17 ok garden
18  multiple disturbances
89 undisturbed
PH
ORIG (disturbance origin)
BAREGRD (percentage bare mineral soil) 1 snthropogenic
0 absent natural
1 >05% 3 muttiple
2 6-25%
3 26-50% null = no data
4 51-75%
5 78-100%
DUFFCOV ( percentage cover of duff )
0 absent
1 >0-5%
2 625%
3 26-50%
4 51-75%
5 76-100%
HERBIV (herbivory)
0 no
1 yes
9 missing

FUNGUS  (fungus)
0 no
1 yes
SOLGRP (s grove)
wholly or

partially organic sois
z Mymmﬂym
3 cther mineral soils
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Appendix V
Mean dally temperatures and rainfall at Cow Head,
Newfoundiand,

Gros Morne National Park,
August 7-29,1997

AES Station ID# 8401335

day of month max.temp. min.temp.  mean temp. rainfall

(August 1997)  (C) ©) ©) (mm)
4 18.5 6.0 123 46
8 16.0 120 14.0 0.0
9 200 105 153 28
10 10.0 10.0 14.5 20
1" 210 145 17.8 0.0
12 200 145 17.3 5.0
13 13.0 8.0 1.0 08
14 185 8.0 128 14
15 180 1ns 148 00
16 200 10.0 15.0 40
17 165 120 143 178
18 17.0 1.0 14.0 08
19 13.0 70 10.0 00
20 165 30 08 00
21 18.0 65 123 00
22 185 55 120 0.0
23 17.0 85 128 158
24 175 10.0 138 1ns
25 185 15 15.0 08
26 17.0 13.0 15.0 0.0
27 17.0 105 138 0.0
28 19.0 1.0 15.0 32
29 200 130 16.5 1.0
‘monthly total 71.60
daily mean  13.85 an
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Appendix VI
Standard error tables for Figures 5.8-5.11

Disturbance type | Fig. 5.7 Fig. 5.8 Fig. 5.9 Fig 510

% % bare PH relative

cottsfoot ground PAR

mean mean SE  mean SE
road 3 0 2 0 70 01 109.87 52.08
rehabilitation site | 2 o 1 o 66 01 7820 3179
ski trail 1 0 5 0 70 0o 3274 8s2
stream 2 0 2 1 67 01 2303 10861
shoreline 2 nv. 4 nv. 68 nv. 7182 nv.
siope 3 2 3 2 74 0e nv nv.
animal trail 4 nv. 1 nv. 63 nv. 108 nv.
hiking trail 3 0 2 [ L1} 0.1 45.89 2669
gravel pit 2 0 4 0 73 01 222 3037
hydro r.o.w. 1 1 0 nv. 62 nv. 14.25 ny.
insect kill 2 1 1 1 63 03 334 1.00
multiple 2 o 2 0 68 01 5471 a3
n.v. = no vaive
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Appendix Vil

C for active of foot in GMNP
The distribution of gravel is with ic di and enables
much of the izati that enabled the spread

of coltsfoot could also limit or discourage it. Similarly, the sites in which coltsfoot is
abundant - at roadsides, quarries and in enclaves - are not habitats of concem for
the mai of bi ity, but o ions serve as seed sources
for the wind borne colonization of more remote natural disturbances. Quarry
stockpiles, in particular, promote the spread of coltsfoot through rhizome dispersal
that may be a more successful reproductive strategy. Control of coltsfoot through
restoration of quarries in particular may be effective in restricting the spread of
coltsfoot into remote areas.

Anions (1993) lists 28 aggregate extraction sites in and around GMNP, 18 of

which are unsuitable for further while 5 are suitable for limited
production and 5 for full Rocky is, Cod Knox (Fig. 3.3), and
deposits in Glenburnie, the Lomond Valley and Trout River (Fig. 3.1) are designated
for full for parks though no new sites will be developed

within the park. Future aggregate material will be obtained outside park boundaries
(Parks Canada 1996).

Demand for aggregate within the park over the next 50 years is estimated to
be a million cubic meters (Anions 1993). Park policy requires the rehabilitation of
quarries, and that an Environmental Assessment and Review Process (EARP) be
applied to all plans, projects and including aggregate
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(Anions 1993). However, insufficient funds have been available for adequate
restoration efforts, contrary to irectives that “no ive activity
shall proceed unless financial resources for rehabilitation have been identified” (Parks
Canada 1996, p. 40).

Control of coltsfoot should be included in the EARPs of aggregate removal
and quarry ilitation. In all the quarri or observed in the park, coltsfoot
was abundant on the mineral slopes on the periphery of the excavations. Possible
remediation could include the immediate topsoiling and seeding of quarry rims with
competitive native species which would exclude coltsfoot. For example, a visible

east-facing rim of the Cod Knox Quarry was topsoiled and seeded around 1994
with non-native Trifolium sp. and grass. The forbs have taken successfully and
provide slope stability as well as aesthetic improvement over the former bare rim.
Coltsfoot is absent from this rehabilitation site. Until measures have been taken to

quarries, gravel for trail mai and ion should

not be brought into sensitive areas.

While the proliferation of exotic species is not seen as desirable in National
Parks, coltsfoot does perform the function of stabilizing slopes, (including erosion
caused by trail use such as at Green Gardens, Fig. 4.1 transect 70), and colonizing
disturbances inhospitable to many other species. However, while coltsfoot may be
replaced by native species over time, the natural rate of replacement may be too
slow for ject i ion of quarries would not only
control the spread of p but ion types more desirable
for a national park. Native diversity will be increased through the creation of habitat,
and p by the i of
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