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Chapter 1: Introduction
1.1 The A2A Collaborative
The Algonquin to Adirondacks region (A2A region) is a total of 104,000 squares km (60,000
square km in Canada and 44,000 square km in the U.S.A.) extending from Algonquin Provincial
Park in the north to Adirondack State Park in south (Figure 1a). The central portion of the region
in Canada includes the Frontenac Arch Biosphere Reserve (Figure 1b). The region is rich in
biodiversity and rare species including for example the Blanding’s Turtle and Paragrine Falcon
(A2A Collaborative (a), 2016; A2A Collaborative (b), 2016).

Figure 1a: Geological Map of the A2A Region

Figure 1b: The Frontenac Arch Biosphere Reserve

The idea of the region was first initiated with the recognition that the ecological corridor
connecting the two parks required additional stewardship in late 1990s. The ecological corridor
provides wildlife habitat connectivity along the corridor and between the two parks. Following
this recognition, various initiatives were formed to envision, plan and build a regional
conservation area. The results were the founding of the A2A Collaborative in 2002 and mapping
for the first time the boundary of the A2A region (A2A Collaborative (a), 2016; Quinby et al.,
1999; Stephenson, 2001).
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As a non-governmental organization, the A2A collaborative aims to connect people and the
landscape across the entire A2A region. The organization envisions a resilient A2A region with
increased landscape connectivity which sustains all types of native wildlife populations and at
the same time, improves people’s lives from generation to generation. As this vision is
implemented, the region will become more resilient to climate change and human disturbances.
It will have increased native species biodiversity and become a critical area in conserving
biodiversity in eastern North America. In addition, the region will support human livelihoods in a
sustainable manner, promote well-being in communities and create a sense of stewardship
among people within the A2A region (A2A Collaborative (c), 2016).
In order to achieve the vision, the A2A Collaborative have been collaborating with various
organizations and governments at different levels within the A2A region. In 2014, the
organization set their goals to: protect, connect and restore habitats by engaging scientific
societies, First Nations and other partners in the United States, Canada; engage and educate
people by connecting people and nature through various experiences; and enhance the capacity
of the organization by making the organization multi-national and ensuring sustainable funding
in the next five years (A2A Collaborative, 2014).

1.2 The A2A Trail
In June 1998, a 700-pound female cow moose was captured by a group of researchers in
Monroe County, United States. She was transported, tagged with a radio transmitter and released
in Adirondack Park on July 16th, 1998. Later, the researchers found that following her release
“Alice” the moose travelled north across the U.S. – Canada border and ended up in Algonquin
2

Provincial Park in the winter of 2000, completing a trip of about 570 km in distance. “Alice” the
moose was later found dead at the eastern side of Algonquin Park on August 29th, 200 (A2A
Collaborative (d), 2016; Masters, 2001). The story of “Alice” the moose was inspiring and
significant to the A2A regional initiative as it illustrated the potential for animal species to
migrate along the ecological corridor within the region (A2A Collaborative (d), 2016).
Subsequently, the inspiring story led to the proposed long-term project – the Algonquin to
Adirondacks Trail (the A2A Trail).
In 2014, the A2A Trail project was proposed by the A2A Collaborative. Upon opening, it
will become the first long-distance multi-national trail within North America, connecting
landscapes and people within the A2A region both physically and symbolically. The trail will
also support the vision set by the A2A Collaborative and significantly help the organization to
achieve its goals by:


Directly connecting people, communities and landscapes (also the overall aim of the A2A
Collaborative);



Allowing direct interaction between people and nature, as well as raising awareness of
the A2A region (especially the Frontenac Arch ecological corridor) among regional
inhabitants and visitors (i.e. to engage and educate people about the region);



Fostering connection, communication and collaboration between people in USA and
Canada (i.e. to protect, connect and restore habitat and to strengthen organizational
capacity).

In addition, the trail will serve as outdoor recreational infrastructure (which can potentially
improve people’s health) and provides opportunities for various types of economic development
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within the A2A region (A2A Collaborative, 2014; A2A Collaborative (c), 2016; A2A
Collborative (d), 2016;).
In June 2016, the A2A Trail implementation plan was drafted. The document includes the
map of the overall route of the A2A Trail (Figure 2), as well as maps of different sections of the
trail on the Canadian side. The overall proposed route closely adheres to the journey of “Alice”
the moose along the ecological corridor (Figure 2). The total distance is about 690 km, with 310
km of existing trail, 90 km of rail-trail, 95 km of main roads and 195 km of back roads. Although
the route has been proposed, it is subject to changes as portions of main roads and back roads
(290 km out of 690 km of the trail) are replaced with more desirable routing. At the moment,
sections of the A2A Trail north of the border have a total distance of 442 km (A2A Collaborative
(e), 2016; A2A Collaborative (f), 2016).

Figure 2: Proposed Route of the A2A Trail (A2A Collaborative (e), 2016).
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1.3 Needs of the A2A Trail Committee
Since the proposed route has been completed, the A2A Trail Committee (part of the A2A
Collaborative) has been investigating the proposed route, section by section, to find potential
issues and make updates and changes accordingly. Besides finding ways to decrease portions of
main roads and back roads, one of the issues identified by the organization is the narrowness of
the border crossing at the U.S.-Canada border (A2A Collaborative, 2016).
According to the proposed route, trail users would cross the border through the Thousand
Islands International Bridge. Although the bridge has enough space for vehicles like cars, vans,
buses to cross through the main road on the bridge, usual trail users like hikers and bikers can
only cross the bridge through two narrow sidewalks (Figure 3). Considering a potential increase
of trail users crossing the border once the A2A Trail is opened, the narrowness of the sidewalk
would create difficulties such as “traffic jams” along the bridge for trail users, thus negatively
affecting their experience while using the trail and ultimately decreasing the experience of trail
use (A2A Collaborative, 2016).

Figure 3: Narrow sidewalk along the Thousand Islands International Bridge

In order to alleviate the potential increase in traffic at the border-crossing, the A2A Trail
committee has proposed an alternative border crossing route. The route would see trail users
5

from the U.S. side to first travel from the A2A Trail to Cape Vincent. Then trail users would
reach Kingston by taking an already operational ferry (seasonal). Trail users would then travel
back to the A2A Trail from Kingston using the existing K&P Trail (intersects with the A2A Trail
at Snow Road Station; Figure 1, Appendix A) or the K&P and the Cataraqui Trails (intersects
with the A2A Trail at Forfar; Figure 2, Appendix A; A2A Collaborative, 2016).
Although the inclusion of the K&P Trail and the Cataraqui Trail as part of the A2A Trail
route is mostly to find solutions to the border crossing issue, it is by no means the only reason.
With the goal of making as many connections as possible, the A2A Trail committee has already
recognized that many side trails are already connected to the proposed A2A Trail. It is thus
possible to envision an A2A Trail Network consisting of the main A2A Trail and side trails
within the A2A region. The K&P and Cataraqui Trail alternative route might also serve as a role
model for the planning of future A2A Trail network development. The alternative route (nonwater portion) is also important as it forms a trail loop with the A2A Trail portion within
Frontenac County (Kingston to Harrowsmith through K&P, Harrowsmith to Forfar through
Cataraqui, Forfar to Snow Road Station through A2A and Snow Road Station back to Kingston
through K&P), thus providing more travelling option for trail users (A2A Collaborative, 2016).
Finally, part of the alternative route has been included as part of the proposed route of the TransCanada Trail/Great Trail (TC Trail, 2018; Figure 3, Appendix A). As a result, once part of the
A2A Trail, the proposed route would serve as a direct connection between the A2A Trail and the
West-East Trans Canada Trail, thus creating more opportunities for collaboration among
different organizations to improve the A2A region.
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The inclusion of the alternative route can potentially be very beneficial to the A2A Trail as
well as the A2A region. However, without studies done on either the K&P Trail or the Cataraqui
Trail, it remains unknown whether the alternative route adheres to the vision and goals set by the
A2A Collaborative. Also, whether the alternative route can sustain a potential increase of trail
users in the future also remains unknown. As a result, the A2A Trail committee supported this
research to investigate the feasibility of the alternative border-crossing route of the A2A Trail.
1.4 Objective of the Research Report
In order to fully comprehend the feasibility of the alternative border-crossing route of the
A2A Trail, environmental/ecological, social, and economic feasibilities need to be investigated
in an interdisciplinary manner. A fully comprehensive study would be too extensive for this
research. Instead, as ecological integrity and native species biodiversity are highly valued by the
A2A Collaborative (the first thing mentioned among the organization’s visions and goals
respectively; A2A Collaborative (c), 2016), the objective of this research is to investigate
environmental/ecological feasibility of the alternative route of the A2A Trail by assessing key
trail characteristics and invasive plant species prevalence along the K&P Trail and the Cataraqui
Trail. The assessment was done in the form of field work and subsequent data analysis.
In the subsequent part of the report, a literature review on existing trail studies is presented,
followed by methods used in the research, results found and a section addressing potential future
studies and recommendations to the A2A Trail Committee.
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Chapter 2 Literature Review
2.1 Trail Impacts on Soils
Studies on ecological trail impacts emerged as early as the 1970s, with focuses on soil and
vegetation (Leung & Marion, 1996). The study done by Helgate (1975) is one of the earliest trail
impact studies on soils. In June 1972, 70 sample sites were selected along damaged portions of
trails within Selway-Bitterroot Wilderness in Idaho, US. Trail slope and elevation were measured
at the sample sites. Trail uses were categorized as heavy, medium or light based on use records.
Follow up research was carried out in November, 1972. The sites were re-evalauted for soil loss.
Analysis revealed that steeper slopes and more trail users led to increased soil loss and soil
erosion (Helgath, 1975).
Subsequent studies found other relationships between trails and soils. Several soil
characteristics including moisture, level of organic matter, texture, bulk density and infiltration
rates have been found to be related to soil loss on trails (Barros et al., 2013; Leung & Marion,
1996; Millward, Paudel, & Briggs, 2011). For instance, studies found that trails with high soil
moisture are more likely to lead to muddiness and subsequently wider trails as trail users tend to
avoid muddy sections. Trails built on top of soil with well sorted texture are more likely to have
trail incisions (Leung & Marion, 1996). Compaction of soil due to trampling can also be
problematic as soil particles with less space reduces drainage, thus resulting in muddiness or soil
loss (Littlemore & Barker, 2003).
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2.2 Trail Impacts on Vegetation
Similar to studies on soils, trail impact studies on vegetation began in the 1970s, with work
from Bayfield (1973). A study done by him in 1973 on five trails in Cairngorm, Inverness-shire
using both field observation and field measurement reveals negative effect of trampling on
vegetation (Bayfield, 1973). However, the effect of trampling on vegetation is dependent on the
type of plant species present. Resistant plants are much more tolerant than sensitive plants in the
midst of disturbances, in the case of the Bayfield (1973) study, surviving up to two weeks or
more after trampling. Resilient plant species are the ones which which survive and recover one
year after trampling occurred (Cole, 1995). A later study in 2013 using field measurement finds
that trampling affects vegetation composition along trails. Trampling is especially detrimental to
shrubs, grasses, herbs and sedges (Barros, Gonnet & Pickering, 2013).
Trampling also provides opportunities for the establishment of invasive species. One study
done in the late 1980s found that non-local, early-blooming plant species appear in 80% of
trampled sites along trails (Hall & Fuss, 1989; Timothy & Boyd, 2014). The fact that trails act as
corridors allowing establishment of non-native species was confirmed by later studies. These
studies found that invasive species have higher coverage closer to trails (Dickens, Gerhardt &
Collinge, 2005; Hansen & Clevenger, 2005).
In 2010, a world-wide review of trail effects indicated that invasive seeds travel around by
adhering to vehicles, clothing, equipment, animal furs or body parts. They also travel around
when animals consume them, and establish themselves when animals defecate (seeds are within
animals’ feces). With regards to trails, invasive plant species establish by a combination of two
factors: seeds carried by human and animals and trampling (Pickering and
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Mount, 2010; Van Winkle, 2014).
Invasive species can cause a lot of problems. They can outcompete native species as they are
more adaptive and establish quicker. They also affect wildlife habitats, posing problems to
various animal species. In addition, invasive species can have negative impacts on recreational
(ex. wild parsnip are toxic to human skin) and educational experiences (ex. a trip to identify and
learn about native plant species using trails may become difficult) (Tassie & Sherman, 2014;
Van Winkle, 2014).
2.3 Trail Impacts on Wildlife
Compared to soil and vegetation studies, direct trail impact studies on wildlife are fewer in
number and emerge later in time. An early study on the issue was conducted from 1984-1986.
The study reveals that most Brown Bears avoid visitors on trails (Jacobs & Schloedew, 1992). A
later study reveals that animals avoid the space near trails. They generally move to areas without
human traffic. Some animals even change their activity periods from daytime to nighttime
(Griffith, 1993). Trail impacts on bird species have also been examined. Researchers find that
nesting success of birds is lower beside trails, however successful nesting near trails reduces the
risk of predation. This is probably due to human presence on the trail, predators are less likely to
predate birds near trails (Miller & Hobbs, 2000). The two later studies discussed above relied on
field data analysis while the study on brown bears relied on survey results from visitors to
measure bear number and responses (Griffith, 1993; Jacobs & Schloedew, 1992; Miller &
Hobbs, 2000).
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2.4 Social Impacts of Trails
Studies done on the social impacts of trails emerged later in the 1980s and the initial focus
was on perception and experience of either local residents or trail users (Timothy & Boyd, 2014).
A study done in 1993 examined local people’s perceptions and experience before and after the
opening of the Missouri State Trail. Researchers found that prior to the opening of trails, local
residents were generally concerned. They were concerned about issues like the potential decrease
of privacy, possible lawsuits when travellers get injured, trespassing and waste created by
travellers and reduction in property value. Interestingly, after the trail opened, there was a change
of attitude among local people. People started using and supporting the trail (Kaylen et al.,
1993). Trail users’ perception and experience was examined in a study done on the Great Walk in
New Zealand. The authors found noise significantly affects trail users’ experience and their
perception of a trail (Cessford, 2000). Beside noise, overcrowding and misbehaviour of other
trail users can also affect the experience of travellers (Timothy & Boyd, 2014).
More recently, social impact studies have been focusing on education and health as more
organizations and stakeholders realize the various benefits trails can have (Ministry of Health
Promotion, 2005; Munizaga, 2016). Positive educational impacts are especially important for
ecotourism and ecotrails. Through enjoying and learning about nature, trail users might be inspired
to be involved in conservation work (Bjork, 2000). Following a call by several scholars for the
implementation of nature trails in school education programs (Feinsinger et al., 1997), Todorov et
al. (2016) assessed the effectiveness of education by assessing assignments and surveys completed
by students after several outdoor classes on an eco-trail. Results showed that students have gained
ecological knowledge and are willing to be involved in conservation work (Todorov et al., 2016).
On the other hand, while some studies show that ecotourism can lead adults to pay more attention
11

to environmental problems (Ballantyne & Parker, 2005; Parker, 2004), there appears to have been
no studies done on the educational impacts of trails on adults.
Similar to education, health impacts of trails are also an important consideration. For some
stakeholders, the most important goal of building and maintaining trails is to enhance physical
activity and thus improve health quality among the general public (Ministry of Health Promotion,
2005). From 1998 to 2008, eight studies focused on the direct effect of trails on physical activity
levels. Surprisingly, not all studies show positive results (Starnes & Troped, 2011). After a 16.5
km rail-trail project was completed in Sydney, Australia, followed by a three months trail
campaign to inform the public, no increase in physical activity was found in local residents. About
10% of local residents had a reduction in physical activity (Merom et al, 2003). Similarly, no
improvement in physical activity among residents in Durham, North Carolina, two months after
the completion of a 5-mile rail-trail project was measured (Evenson, 2005). This suggests there is
no clear understanding of the health impacts of building and maintaining trails (Starnes & Troped,
2011).
For studies on social impacts of trails, survey methods were the norm. Researchers usually
approach the issue from an interpretivist approach (Cessford, 2000; Evenson, 2005; Kaylen et al.,
1993; Merom et al, 2003; Starnes & Troped, 2011; Todorov et al., 2016).

2.5 Economic Impacts of Trails
Economic impacts of trails are important to trail communities as economic gain can ensure
sustainable development (Bjork, 2000). The most direct measure of economic impact is the
difference between cost of developing trails and monetary gain after the trail opens. For instance,
12

based on analysis of economic data, the Path of Progress project in Pennsylvania cost $88.2 million
during its establishment form 1988 to 1993.The project returned an estimated $289.4 million
cumulative gain to the Pennsylvania economy eleven years after the project’s completion (Strauss
& Lord, 2001). Some researchers are also interested in trail users’ spending patterns when using
trails. A study done in the North Sea Cycle Route where researchers installed cameras in 6
locations estimated the usage of the trail. They found visitors with higher income or bigger group
size spent more money when using the trail (Lumdson et al., 2004).

2.6 Environmental/Ecological Sustainability of Trails
A direct impact of trail use based on trail impact studies is the increase of interest among trail
stakeholders with respect to environmental or ecological sustainability of trails. One related
question is “what are the characteristics of a trail that will result in minimal risk of trail
degradation?” In fact, trail impact studies (especially the ones on the relationship between trails
and soils) are fundamental to research on environmental or ecological sustainability of trails. For
instance, one typical trail impact study was conducted along one of the trails within Daisetsuzan
National Park in Japan. In 1990, researchers first selected 19 places along the trail with similar or
different trail slopes. They then measured cross sectional areas of the 19 sites along the trail. In
1997, the researchers returned to the same 19 sites and re-measure the cross sectional areas
(Watanabe & Yoda, 2000). The results suggest that trail sections with higher trail slopes suffer
more soil erosion. Although studies similar to the one conducted in Daisetsuzan National Park do
not address ecological sustainability of trails, methods and results of these studies have been
reviewed and used by various authors in multiple review studies to investigate characteristics of
13

ecologically sustainable trails. Results from these review studies suggest that a trail is most
sustainable if:


The trail grade (or trail slope) is lower than 11%. With higher slope, water has
increased velocity, thus the trail becomes highly prone to soil erosion (Marion & Leung,
2004; Marion & Wimpey, 2017; Marion, Wimpey & Park, 2011a);



The trail slope alignment (the angle between the direction of the trail and the
direction of water movement) is at least larger than 30o and optimal between 69o and
90o. The bigger the trail slope alignment, the trail is closer to be perpendicular to the local
topography. Water is more likely to run off from the trail surface (Marion & Leung,
2004; Marion & Wimpey, 2017; Marion, Wimpey & Park, 2011a);



The trail grade is equal or lower than half of the landform grade. The half-rule in
trail design and construction implies that landform grade should be at least two times
bigger than the trail grade (Marion & Wimpey, 2017, Marion, Wimpey & Park, 2011a);



Hard material such as gravel, crusher fines and stone dusts are applied to the trail
surface followed by compaction. The optimal surface material depends on the type of
the trail. For instance, crusher fines and stone dust are best for multi-use trails (City of
Kimberley, 2003; Marion & Leung, 2004; Marion & Wimpey, 2017; Marion, Wimpey &
Park, 2011a).

Although soil characteristics are related to environmental trail impacts, they are usually not
included as indicators of sustainability of trails. This is probably due to the fact that they are not
as important as physical characteristics of trails (Marion & Wimpey, 2017; Marion, Wimpey &
Park, 2011a).
14

2.7 Other Studies on Sustainability of Trails
To date there is no literature which specifically addresses economic sustainability of trails.
Only one piece of literature address the social sustainability of trails. The author claimed that by
applying theories of demarketing, persuasive conversation and attitude development, conflicts
among users or conflicts between users and stakeholders can be resolved. However, the
argument was made after comparing, contrasting and analyzing various theories and conceptual
frameworks, without any field work or survey analysis. Thus, further studies are need in this area
(Beeton, 2006).
Similar to the limited study on social sustainability of trails, there have only been two studies
that approached sustainability of trails in a comprehensive manner. In a paper published in 1999,
a sustainable hiking trail guideline for future hiking trail development was created. Actions that
need to be done during each stage of trail development (from the assessment stage all the way to
the monitoring stage) were listed and discussed. Although Hugo (1999) recognizes that a
sustainable trail needs to be ecologically, socially and economically sustainable at the same time,
the guideline created is mainly focussed on ecological issues. This bias is especially clear in the
section where the Hugo (1999) addressed the planning phase of trail development. Only
ecological factors such as trail parameters, terrain and ecological sensitive areas were considered
(Hugo, 1999). The other comprehensive article was published in 2003 based on a research study
on urban greenways in Indianapolis. Similar to Gibson’s work on sustainability, tools for
sustainable assessment were established within the paper (Gibson, 2006; Linsey, 2003).
Sustainable principles were first derived from the Bruntland’s report (1987), and then sustainable
indicators were generated based on the principles derived. Indicators were further grouped into
ecological, equity, economic as well as social and economic categories. These were then used to
15

assess the sustainability of urban greenways in Indianapolis (Bruntland, 1987; Linsey, 2003).
Although the study represents a rare attempt to assess sustainability of trails, the assessment tool
generated is by no means perfect. One of the problems is that education is not one of the
sustainability indicators. However, the study has already shown that trails can help children or
youth to learn ecological knowledge. As a result, potentially more people would be actively
involved in trail maintenance and various conservation efforts in the future (Bjork, 2000;
Feinsinger et al., 1997; Todorov et al., 2016). In addition, the study does not recognize that
indicators such as equity of access to trails may be affected due to potential future fluctuations in
the economy. Another problem is that the methods used in the assessment are not provided
within the paper. Furthermore, invasive species, which should be part of habitat quality
assessment (an ecological indicator), can be seen as both an ecological and economic indicator as
they can cause tremendous ecological damage and may be costly to remove (Linsey, 2003;
Marbuah et al., 2014).
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Chapter 3: Trail Background Information and Methods
3.1 History of the K&P Trail
As a trail converted from a railway, the origin of the K&P Trail can be traced back to the
1800s. In 1871, a group from Kingston incorporated the Kingston & Pembroke Railway (K&PR)
in order to build a rail line from Kingston north to a point in the Ottawa Valley (close to
Pembroke). The purpose of the railway was to have access to natural resources (mining and
logging products) as well as markets north of Kingston. Following the surveying of the railway
in 1872, the first portion of the railway (from Kingston to Iron Junction) opened in 1875. Later,
the railway reached Sharbot Lake in 1876 (County of Frontenac, 2013; K&P Trail Group (a),
n.d.).
During the same year (in 1876), the Canada Central Railway north along the Ottawa River
Valley to Mattawa was completed, making it unnecessary to extend the K&P Railway all the
way to Pembroke as duplication of rail lines within the same region was not needed. The result
was that Canada Central allowed K&PR Inc. to keep building the rail line until it connected with
the Canada Central Railway near Pembroke. In 1884, the K&P Railway reached Calabogie and
then Renfrew later that year. The railway stopped at Renfrew as it was where the two railways
connected, sealing that fate that the K&P Railway would never reach Pembroke. In 1886, the
railway company extended the railway south to the Kingston waterfront, along with a new train
station and some terminal buildings. The total distance of the railway was about 166 km (County
of Frontenac, 2013; K&P Trail Group (a), n.d.).
However, railway traffic never reached expected levels probably due to the fact that
population levels along the railway remained low, along with the increased use of motorized
17

vehicles. With most revenues generated from limited transportation of wood and iron ore only,
the company went bankrupt and fell into receivership from 1894 to 1899. During this period, the
Canada Pacific Railway gradually outcompeted the Grand Truck Railway and assumed operation
of the railway in 1901. Eleven years later, the Canada Pacific Railway signed a 999-year lease on
the railway. The railway was renamed to the Kingston Subdivision within the Canada Pacific
Railway (County of Frontenac, 2013; K&P Trail Group (a), n.d.).
Although the rail bed was reconstructed and various infrastructure improvements were made
along the railway, usage of the railway continued to decrease. As a result, the railway was
abandoned section by section (Table 1). Following the abandonment of the last portion in 1986,
most of the line’s right of way was purchased by Bell Canada in the same year (County of
Frontenac, 2013; K&P Trail Group (a), n.d.).
Table 1: Timeline of Abandonment of the K&P Railway (County of Frontenac, 2013; K&P Trail Group, n.d.)

Section of the K&P Railway
Snow Road to Calabogie
Tichborne to Sharbot Lake
Sharbot Lake to Snow Road
Calabogie to Renfrew
Kingston to Tichborne

Time of
Abandonment
January, 1962
February, 1964
September, 1966
February, 1977
1986

Initiatives to convert the K&P Rail to the K&P Trail emerged in 1990 with the formation of
the Southeast Ontario Rails-to-Trails Association (SEORTA). However, the organization
disbanded in 1998. The organization’s effort was carried on with the establishment of the K&P
group, a volunteer group which aimed to keep promoting the Kingston & Pembroke Railway
right of way as a multi-use trail (K&P Trail Group (b), n.d.).
18

Following a failed attempt by the Cataraqui Regional Conservation Authority to purchase the
K&P right of way in 2001, in 2002, the City of Kingston started to negotiate with Bell Canada
regarding the ownership of the K&P right of way within the city limit. The negotiation
concluded in 2007, with the city council acquiring the K&P right of way within Kingston.
During December of the same year, the rural portion of the K&P Trail within Kingston was
officially opened. The portion was later extended to Binnington Court in 2011 (K&P Trail Group
(b), n.d.). The urban portion of the K&P Trail was opened on June 10th, 2017 (City of Kingston,
2017).
Also in 2007, the County of Frontenac acquired the K&P railway located within the
Township of Central Frontenac and South Frontenac. Following development according to Phase
I of the Frontenac K&P Trail Implementation Plan, the K&P Trail section from Orser Road (the
border between Kingston and County of Frontenac) to Harrowsmith was opened in 2012. Later,
the trail portion from Harrowsmith to Tichborne was developed and opened in 2015. The trail
section connecting Tichborne and Sharbot Lake (within Phase II of the Implementation Plan),
though officially opened in August 2017, has not been completed and opened due to a funding
shortage of $600,000 as of September 2017 (County of Frontenac, 2013; Green, 2017; K&P
Trail Group (b), n.d.).
The K&P Trail north of Sharbot Lake (from Sharbot Lake to Renfrew) was already
developed and opened by 2007 (County of Frontenac, 2013). Although it is known that rails
were removed from Snow Road to Calabogie in 1963 and from Sharbot Lake to Snow Road in
1970 following abandonment, and the trail section was leased to various snowmobile clubs for
winter uses (Coulter, 2016), for most of the trail sections, information on who acquired the rail’s
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right of way in the first place and when the section was developed and opened could not be
found. At present, Central Frontenac Township owns most of the trail portion from Sharbot Lake
to Snow Road, though the section around Mississippi Station is owned by North Frontenac
Township and the section from just under to just above Snow Road is still under private
ownership. The section from Snow Road to Barryvale is owned by the Mississippi Valley
Conservation Authority (MVCA) (Ruth Wark, personal communication, April 4th, 2017, Figure 1
Appendix B). The trail section from Calabogie to Renfrew (trail route connecting Barryvale and
Calabogie consists of back roads and main roads) has been owned by the County of Renfrew
since 2001, when the county council purchased the trail section’s right of way from Canadian
Pacific Railway (County of Renfrew, 2003).

3.2 History of the Cataraqui Trail
Similar to the K&P Trail, the origin of the Cataraqui Trail is also tied to the history of
railways in the area. During the 1800s, many railways running east-west in Canada were
constructed and operated by various entities such as the Napanee, Tamworth and Quebec
Railway Cooperation and the Bay of Quinte Railway Cooperation. However, ownership on most
of the railways changed to the Canadian National (CN) by 1918 (Cataraqui Trail (a), 2016).
For the CN Railway running from Strathcona (close to Napanee) to Smith Falls, railway
service halted in 1986 due to decreased usage and rails were removed three years later. During
several years after 1989, the former rail line was leased to the Lennox and Addington Ridge
Runners Snowmobile Club and the Rideau Ridge Riders Snowmobile Club (both under OFSC)
for recreational use in the winter, while the South East Ontario Rails to Trails Association
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(SEORTA) was working to acquire funding to purchase the line’s right of way to build a multipurpose trail along the old rail line (Cataraqui Trail (a), 2016).
However, due to a lack of funding, the SEORTA’s plan failed in 1996, leading the CN to sell
the line to various municipalities and private owners. Worrying about the potential to lose the
former rail line as a recreational trail, the two snowmobile clubs went to the CN for a potential
purchase of the line. The purchase would see the line owned by the Ministry of Natural
Resources (MNR), with the rail line completely transferred to a multi-purpose trail (Cataraqui
Trail (a), 2016).
The MNR refused the plan after it determined that owning abandoned rail lines or trails was
not part of its mandate. Instead, the Cataraqui Regional Conservation Authority (CRCA) offered
acceptance of the ownership on the conditions that:
1. The Conservation Authority would not be involved economically during the planning and
developing stages of the proposed trail;
2. The ownership of the trail by CRCA needed to be approved by all municipalities along
the trail.
Following the offer from CRCA, the two snowmobile clubs reconnected with SEORTA and
formed a committee to come up with a plan to acquire, develop and operate an all-season multipurpose trail. Later, ownership of the trail by CRCA was approved by all of the nine
municipalities along the trail (Cataraqui Trail (a), 2016).
In 1997, the right-of-way of the old rail line was given to CRCA by CN in the form of a
donation. A year later, the process of ownership transfer was completed. Following subsequent
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development, the Cataraqui Trail was officially opened in 2000 (Cataraqui Trail (a), 2016;
CRCA, 2017).

3.3 Study Site Description
3.3.1 Sections of Interest
The research project will focus on portions of the K&P Trail and the Cataraqui Trail which
constitute the alternative border-crossing route of the A2A Trail (on-land portion only; Figure 4,
Appendix A). Along the K&P Trail, they are the trail portion from Confederation Park in
Kingston to Tichborne, and the trail portion from Sharbot Lake to Snow Road Station, where the
A2A and the K&P Trails connect (Figure 1, Appendix A). The trail portion between Tichborne
and Sharbot has not been completed and thus cannot be investigated. Although the K&P Trail
from Snow Road Station to Calabogie is part of the main route of the A2A Trail, it is not
included in this study as it is not part of the alternative route. Along the Cataraqui Trail, the trail
section connects Harrowsmith and Forfar near Portland, where the Cataraqui Trail and the A2A
Trail intersect (Figure 2, Appendix A; A2A Collaborative, 2016).
3.3.2 Trail Grade and Trail Surface
As a trail built on a former rail bed, most of the trail sections along the Cataraqui Trail have a
trail grade lower than or equal to 5%. The two exceptions are at Opinicon Road and Colebrook
Road where old rail beds were removed and the trail was built uphill and intersects with the two
roads. Most of the trail surface is composed of granular A material on top of gravels of the old
rail bed. The trail portion from the duplicated section of the K&P Trail and the Cataraqui Trail to
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west of the Hogan Road have stone dust as trail surface materials (Table 2; Cataraqui Trail (b),
2016).
Table 2: Some surface Materials Used on Trails (Bachensky, 2007; Braenstone, 2016; Steed and Evans, 2018; Walker Industries, 2014).

Surface Material

Definition

Grain Size

Crusher Fines

Small particles of crushed stone

Less than 3/8”

(clay, slot and fine sand).
Granular A

Mixture of sand and crushed

Less than 1”

stone.
Granular M

Mixture of sand and crushed

Less than 5/8”

stone.
Stone Dust

Finest crushed stone, powder.

Less than 0.04”

Although no specific information regarding grades is available for the K&P Trail, it is
expected that the trail grades would be similar to the Cataraqui Trail (a rail-trail), equal to or
lower than 5%. In terms of trail surface, the trail portion outside of Kingston as well as the rural
portion within the city limit are composed of stone dust as its surface material (Table 2; Richard
Allen, personal communication, March 18th, 2018, Figure 2 Appendix B; Ruth Wark, personal
communication, April 4th, 2017, Figure 1 Appendix B). Information on trail surface along the
city portion has been collected during field work, following the opening of the trail portion in
June 2017 (City of Kingston, 2017).
3.3.3 Uses of the Trails
Both the K&P Trail and the Cataraqui Trails are multi-use trails, meaning they can be used
by hikers, horse-riders, bikers and wheelchair users. ATVs are only permitted north of Craig
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Road in Verona along the K&P Trail, while they are completely prohibited from the Cataraqui
Trail (Richard Allen, personal communication, March 18th, 2018, Figure 2 Appendix B;
Cataraqui Trail (c), 2016).
During winter, skiing and snowmobiling are allowed on Cataraqui Trail and the K&P Trail
outside of Kingston. While skiing is allowed in Kingston’s K&P Trail, snowmobiles are
prohibited. Winter months (when snowmobile use is permitted) usually starts in December and
ends in April (Richard Allen, personal communication, March 18th, 2018, Figure 2 Appendix B;
Cataraqui Trail (b), 2016).
3.4 Study Design and Data Collection
3.4.1 Point Selection
Points of interest were selected prior to the beginning of the field work. Trail sections of
interest (the alternative route of the A2A Trail) were first mapped using Google Maps and
Google Earth. Then, following the start of an imagined trip along the trail, sites were randomly
selected at a point and the coordinate noted. From the first site identified, additional sites were
mapped at 500 m intervals along the alternative trail route. These were labelled and recorded
(Figure 5, Appendix A; Marion et al., 2006; Van Winkle, 2014). No points were selected from
Tichborne to Sharbot Lake as the trail section had not yet been built (Green, 2017). After all of
the study sites (points of interest) were identified, their coordinates were also recorded into a
Garmin GPSmap 76Cx in preparation for the field work.
3.4.2 Field Procedure
The field work was conducted from July 17th, 2017 to August 17th, 2017.
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3.4.2.1 Trail Characteristics
During the field work process, at each point selected (according to coordinates recorded in
the GPS unit), a trail transect perpendicular to the trail’s direction was first developed by first
establishing two endpoints with two thin stakes at the border between the vegetation and trail
tread. Then, trail characteristics including trail grade, trail slope alignment, and local landform
grade were measured and the trail surface condition recorded (Table 3; Marion, Wimpey and
Park, 2011b).

Table 3: Definitions of Trail Characteristics (Marion, Wimpey and Park, 2011b)

Trail Characteristics
Trail Grade (TG)
Trail Slope Alignment (TSA)

Definitions
Slope of the trail.
The angle between direction of the trail and
local topography (direction of water
movement).

Landform Grade (LG)

Slope of the local landform.

Trail grade (TG) is measured as follows: two individuals are required, a clinometer is used by
one individual who aligns the horizontal line inside the clinometer with a reference point on the
opposite individual the same height as the clinometer user’s eyes. At trail transect, the two
individuals position themselves 1.5 meters each side of the trail transect. Then, the clinometer is
operated (by the person at the lower position) to determine trail grade. Trail grade can be
recorded as the number indicated on the right side scale of the clinometer (Marion, Wimpey &
Park, 2011b; Marion & Olive, 2006). When only one person was in the field, vegetation (trees or
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shrubs) close to the trail transect was used as a reference point for the measurement of trail
grade. The clinometer used in this study was a SUUNTO Clinometer.
Measurement of trail slope alignment (TSA) was carried out using an azimuth compass. The
measurer first stands 1.5 meters downhill along the trail from the trail transect. Then the
measurer sights the compass about 1.5 meters over the trail transect and records the compass
azimuth on the left column. Then the measurer faces downslope and take another compass
azimuth. The trail slope alignment can then be calculated by subtracting the larger azimuth and
the smaller azimuth (the calculation can be done after measurement is completed at all transects)
(Marion, Wimpey & Park 2011b; Marion & Olive, 2006). The compass used in this study was a
Brunton Compass Type 15.
In order to measure landform grade, the measurer first places the clinometer on a clipboard.
Then, he adjusts the clipboard to be parallel to the local landform and records the reading though
the clinometer (Marion & Olive, 2006).
3.4.2.2 Invasive Plant Species (Photos and Quadrats)
At each point where trail characteristics were measured, data on types and cover of plant
species at different distances from the trail were also collected. First, there is a judgement made
on whether it is suitable to lay down quadrats on either side of the trail. If neither side is suitable
to drop quadrats, then the reason is documented for the point. If one side is suitable for quadrats
to be used, then a reason explaining that the other side of the trail is unsuitable for quadrat study
was recorded. If quadrats can be dropped on both sides of the trail, then a coin was flipped to
decide which side of the trail was used for the quadrat study.
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After a side is selected, with the starting end attached to the stake (based on side selection),
the field ruler is expanded to 7 m away from the trail, directly extending the trail transect line.
Then, two 0.5 m x 0.5 m quadrats were placed at 0, 1 and 5 m away from the trail (Dickens,
2005; Van Winkle, 2014). For each quadrat dropped, an overall photo including the quadrat as
well as close-up photos of all plant species within the quadrat were taken. As a result, overall,
there are six quadrats dropped at each site, along with six sets of quadrat photos (2 at each
distance and multiple close-up photos of individual plants).
3.4.2.3 Other Field Work Procedures
While travelling along the trail, if there was trail degradation at a point not selected for study,
its coordinate was recorded along with trail measurements described above. In terms of the
vegetation study, if there were invasive plant species observed but quadrats could not be
dropped, the location where the invasive species were observed was recorded.

3.5 Data Analysis
3.5.1 Trail Characteristics
After data collection, overall averages of TG, TSA, LG were calculated for all of the study
sites (points of interest). These averages were also calculated for points along different sections
of the trail (i.e. K&P Kingston, K&P Frontenac, K&P Sharbot Lake to Snow Road Station and
the Cataraqui Trail) and compared. In addition, characteristics of trail points where trail
degradation occur was analysed. It was expected that trail points with unsustainable trail
characteristics (i.e. TG>10%, TSA<30O, LG<2*TG) would more likely suffer trail degradations
(Marion, Wimpey & Park, 2011b).
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3.5.2 Invasive Plant Species Prevalence
For every quadrat dropped, all plant species within the quadrat were first identified.
Identification of each plant species was done by first uploading close-up photos of the plant
species to the online species identification app at iNaturalist (iNaturalist, n.d.). Then, results (top
10 recommendations) provided were cross-referenced with Plants of Southern Ontario and
Newcomb’s Wildflower Guide to complete the identification of the plant (Dickenson & Royer,
2014; Newcomb, 1989). If an invasive plant species was identified as possible according to the
online app, the results were further cross-referenced with A Guide to the Identification and
Control of Exotic and Invasive Species in Ontario’s Hardwood Forests (Derickx & Autunes,
2013), A Quick Reference Guide to Invasive Plant Species (Credit Valley Conservation, 2016),
and various Best Management Practices provided by Ontario Invasive Plant Council (Ontario
Invasive Plant Council, 2018). These three references were also used to identify the range of
invasive plant species in this research project. Simply, target invasive plant species included any
species that appeared in any one of the three sources. When a plant was identified, it was
grouped into either native species, non-native non-invasive species or invasive species.
Following plant identification, percent cover of plant species within each quadrat was
identified by analysing photos of the entire quadrat. For every quadrat photo, an outline of the
quadrat, along with other portions of the photo were cropped out using GIMP 2.8.22. Then, using
the same program, a 0.1 m x 0.1 m grid was applied to the picture, with every square
representing 2% cover at a specific distance (two quadrats at a specific distance, each quadrat
represent 50% of cover). After that, percent cover of every single species within a quadrat was
identified with the help of the grid (Figure 6, 7, Appendix A).. Percent cover of vegetation at a
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specific distance from a certain point on the trail was analysed by combining the results from the
two quadrats dropped at each distance – 0, 1 and 5m.
Total invasive plant cover was identified at each site at 0, 1 and 5 m. Subsequently, average
invasive plant species cover at 0, 1 and 5 m was compared among each other using a one-way
ANOVA Test. It was expected that the highest percent cover of invasive plant species would
occur at 0 m, followed by 1 m and 5 m (Dickens, 2005; Van Winkle, 2014).
In addition, the possibility of invasive plant species establishing at different distances from
trails was also analysed. This was done by dividing the number of quadrats (results from two
quadrats were combined to be counted as one quadrat at each distance) with invasive plant
species present to the total number of quadrats laid at a specific distance. It was expected that it
would be more likely to observe invasive species within quadrats at 0 m, followed by 1 m and 5
m from trail. This measure only considered presence or absence of invasive plant species within
quadrats, and percent cover of invasive species was not part of the analysis.
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Chapter 4 Results
4.1 Points Surveyed
In total, 245 points were surveyed during the field work. Among them, 44 points were
located along the K&P Kingston, 77 points along the K&P Frontenac and 96 points along the
Cataraqui Trail. For K&P from Sharbot Lake and Snow Road Station, the original plan was to
have 42 points surveyed. However, 14 points (#15-28 Sharbot Lake to Snow Road Station) could
not be surveyed due to the trail sections being completely submerged by water close to the start
and end points of the trail section. As a result, there were 28 points surveyed along the K&P
Sharbot Lake to Snow Road Station (K&P SLSRS) (Figure 4).

Figure 4: Points actually surveyed along the K&P SLSRS.
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4.2 Trail surface along the K&P Kingston Urban
From Confederation Park to Doug Fluhrer Park the surface is asphalt (roadway). The trail
from Doug Fluhrer Park to John Counter Blvd. also has an asphalt surface (River Street has a
surface of gravel, asphalt and concrete). The trail following a concrete side walk along John
Counter Blvd. and Division Street. The trail section between Division Street and St. Remy
Palace has a loose gravel surface. Asphalt sidewalk along St. Remy Palace, Cattail Palace and
Dalton Ave. made up the rest of the trail section to Binnington Court (Figure 5).

Figure 5: Surface material along the K&P Kingston Urban Portion.

4.3 Trail Grade, Trail Slope Alignment and Landform Grade
As both the K&P Trail and the Cataraqui Trail are built along old rail line, both trails should
have an average trail grade (TG) lower than 5%. In fact, the average trail grade along all trail
sections are lower than 2%, much less than the 11% maximum possible sustainable trail grade
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presented in the literature (Marion & Wimpey, 2017; Marion, Wimpey & Park, 2011a). The
average grades among trail sections are very similar to each other, ranging from 1.3-1.6% (Table
4).
In terms of trail slope alignment (TSA), all trail sections have an average trail slope
alignment over 30o, the minimum sustainable trail slope alignment. In fact, all average trail slope
alignments are bigger than 45o, meaning all trail sections have low potential for trail degradation
(Table 4). In addition, all landform grades are over 40%, much higher than 2 times the trail grade
presented in the literature (which are lower than 2%; Marion & Wimpey, 2017; Marion, Wimpey
& Park, 2011a). This means that all trail sections do not break the half-rule, another indicator of
a sustainable trail (Table 4; Marion & Wimpey, 2017; Marion, Wimpey & Park, 2011b).
Table 4: Average trail characteristics in different trail sections

Trail Section

TG(%)

TSA(o)

LG(%)

K&P Kingston

1.6

64.2

48.3

K&P Frontenac County

1.4

58.8

43.5

K&P SLSRS

1.5

50.9

45.8

Cataraqui

1.27

52.9

43.9

Neither results on trail grade, nor results on trail slope alignment are surprising as old rail
beds were designed and constructed to drain water properly with an almost trapezoidal base with
ballast on top of the rail bed (Figure 21, Appendix A). Thus, trails developed on top of old rail
beds have high trail slope alignment and landform grade. In addition, it is observed that a
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substantial portion of the trails were developed on rail lines built on ridges or around hills. In
fact, 38.6% of the points surveyed along the K&P Kingston trail have steep slope (where
quadrats cannot be dropped) on at least one side of the trail ( 26% for the K&P Frontenac, 46%
for the K&P Sharbot Lake to Snow Road Station (K&P SLSRS) and 43.8% for the Cataraqui
Trail).
4.4 Trail Degradations
4.4.1 Soil Erosion
No soil erosion was observed on any point selected in this study. However, there are 9 sites
along the Cataraqui Trail between points surveyed where soil erosion was observed. Among the
9 points, 6 of them have at least 1 trail characteristics which is not sustainable. All 6 points do
have a common characteristic – they all have trail grade higher than or equal to 11% (Table 5).
Table 5: Points with soil erosion and unsustainable characteristics

Coordinate

Type

Comments

44.45053,-76.67822

Erosion

TG 12%

44.42550,-76.56508

Erosion

TG 11%, LG 11%

44.42469,-76.56625

Erosion

TG 12%

44.48283,-76.47647

Erosion

TG 12%, TSA 12o

44.48341,-76.47604

Erosion

TG 12%

44.41119,-76.61977

Erosion

TG 11%, TSA 18o
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4.4.2 Muddiness, Rocks and Vegetation Encroachment
Although the K&P SLSRS trail has sustainable average trail characteristics, muddiness and
mud ponds are constant problems observed along this trail section. Among all 28 points surveyed
in the trail section, 14 (half) of the points have either mud related issues (muddiness or mud
ponds) or uneven surface due to loose or stable rocks with various sizes (Figure 6), even though
all of the 14 points have trail grades lower than 11%, trail slope alignments higher than 30o and
landform grades within the half rule measure.

Number of Points Surveyed along K&P SL to SRS
16

14

14

With Degredation

Without Degredation

Number of Points

14
12
10
8
6
4
2
0

Trail Quality
Figure 6: Points surveyed along the K&P SLSRS

The situation is similar along the Cataraqui Trail, though the issues are slightly different.
Although all points along the Cataraqui Trail have low TG (<11%), high TSA (>30%) and
landform grade following the half rule measure, muddiness and vegetation encroachment are
commonly observed along this trail section. Vegetation encroachment in this context means
vegetation growing on the surface of the trail. Although vegetation encroachment is not usually
used as part of trail degradation studies, as vegetation can only grow on the trail where trail
problems (such as cracks or lack of surface material) occur, it can be used as an indicator of trail
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problems (Rails-to-Trails Conservancy, 2015). Out of 96 points surveyed along the Cataraqui
Trail, only 19 points have no muddiness or vegetation encroachment problems (Figure 7).

Number of Points Surveyed along Cataraqui Trail
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Trail Quality
Figure 7: Points surveyed along Cataraqui

4.5 Invasive Species
4.5.1 Quadrats Used and Composition of Invasive Plant Species
Due to steep slopes, dense vegetation, ponds etc. on one or both sides of the trails, quadrats
could not be dropped at most of the sites selected. Out of 245 points surveyed, quadrats were
used at 51 sites (22 along the K&P Kingston, 22 along the K&P Frontenac, 2 along the K&P
SLSRS and 5 along the Cataraqui Trail). In total, 49 quadrats (results from two 0.5mx0.5m
quadrats are combined to one 1mx0.5m quadrat in data analysis) were dropped at 0m, 46
quadrats were dropped at 1m and 46 quadrats were dropped at 5m away from trail transects.
Along the K&P Kingston, Wild Parsnip, Common Reed, Garlic Mustard, Spotted Knapweed,
Common/Alder Buckthorn (early stage) were observed within the quadrats. Within quadrats
outside Kingston, white sweet clover and dog-strangling vine were also observed in addition to
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the ones observed in Kingston. In addition, purple peril (near 44.642229,-76.689084; Figure 15,
Appendix A) and dog strangling vine (near 44.592471,-76.303985; Figure 16, Appendix A) were
observed along the trail sections (not observed within quadrats).
4.5.2 Percent Cover of Invasive Species
As trails are corridors which easily lead to the establishment and spread of invasive species,
it was expected that average percent cover of invasive species would be highest at 0 m, followed
by 1 m and 5 m subsequently. However, data analysis shows that on average, quadrats at 5 m
have the highest percent cover of invasive species (5.6%). Quadrats at 0m have a slightly lower
percent cover of invasive species (5.5%), while average percent cover of invasive species at 1 m
was the lowest (3.8%; Table 1 Appendix B). However, due to an extremely big p-value (~0.76,
which is much bigger than 0.05), the null hypothesis cannot be rejected, meaning that percent
cover of invasive species was not significantly different from each other at 0, 1 and 5 m away
from the trail (Table 1 Appendix B; Figueriedo et al., 2013). Percent cover of invasive plants
were similar at 0, 1 and 5 m away from the trail.

4.5.3 Probability of Occurrence of Invasive Plant Species
If trails easily lead to the establishment of invasive species, then it is more likely to observe
invasive plant species closer than farther away from the trail. Indeed, the analysis shows that
invasive plant species show up in 36.7% of quadrats (18 out of 49) at 0 m, 30.4% of quadrats (14
out of 46) at 1 m and 15.2% of quadrats (7 out of 46) at 5 m (Figure 8). Although percent cover
of invasive plants do not show expected pattern (Table 1 Appendix B), in terms of probability of
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18/49

occurrence at different distance from trails, invasive plants are more likely to appear at
somewhere closer to than further away from trails.

% Quadrats with Invasive Species

Percent Quadrats with Invasive Species
40
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Distance from Trail
Figure 8: Percent of Quadrats with Invasive Species
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Chapter 5 Discussion
5.1 Trail Degradation
Among 9 locations where soil erosion occured, 6 of the locations had at least one
unsustainable trail characteristics. In addition, all of the 6 points had trail grade equal or higher
than 11%. This result was expected based on early research with respect to trail grade. Trail
grade equal or larger than 11%, is more susceptible to soil erosion due to increased water flow
(Table 5; Marion, Wimpey and Park, 2011).
However, although points surveyed along the K&P SLSRS and the Cataraqui Trail have trail
characteristics within sustainable standards (Table 4), muddiness and rockiness are two issues
constistantly observed along the K&P SLSRS (Figure 8-11, Appendix A), while the Cataraqui
Trail suffered from problems including muddiness and vegetation encroachment (Figure 12-14,
Appendix A).
After further analysis of trail conditions and more literature research, possible reasons for
poor trail conditions are discussed in the following sections of this chapter.
5.1.1 Trail sections too flat?
In a study published in early 2017, the authors claim that although trails having trail grade
lower than 11% are sustainable, trail grade lower than 3% can also be problematic. The study
indicated that trail grades lower than 3% are an indication of a flat trail. These trails are least
likely to have soil erosion, but are more prone to muddiness. This conclusion is made based on
the author’s professional experiences, along with a review of multiple trail guidance books, trail
maintenance manuals and existing studies. However, no references were provided (Marion &
Wimpey, 2017).
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At a glance, the claim from the study might explain muddiness issues along the two
problematic trail sections. Both the K&P SLSRS and the Cataraqui Trail have average trail
grades well below 3%, meaning that both trail sections can be classified as flat (Table 4).
However, the K&P Kingston and the K&P Frontenac trails also have trail grades well below 3%,
but no muddiness issues were found along these two trail sections (Table 4). As a result, if the
claim by the authors is correct, then why are the K&P Kingston and the K&P Frontenac trails
mud free, while other trail sections have muddiness issues?
Based on background and experience of the authors as well as their contributions to trail
studies, it is possible (and very likely) that trails with trail grades lower than 3% are prone to
muddiness (Marion & Wimpey, 2017). However, without more detailed explanation, the exact
reason behind the relationship between flat trail and muddiness is not known. As a result, no
conclusion can be drawn on whether low trail grade contributes to muddiness along the K&P
SRS and the Cataraqui Trail.
5.1.2 Wrong Surface Material Used in the Wrong Place?
According to information provided by some trail stakeholders, K&P SLSRS has stone dust
compacted with granular M as surface material (Richard Allen, personal communication, March
18th, 2018, Figure 2 Appendix B ), while it is either granular A or compacted granular A and
stone dust along the Cataraqui Trail (Cataraqui Trail (b), 2016). These materials are all derived
from crushed stones and are very popular among multi-use trail builders. They are popular not
only because they blend well with natural settings, but also sustain heavy uses by different trail
users when compacted. Stone dust is especially welcomed by bikers on trails (Boone, n.d.; City
of Kimberley, 2003).
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However, these materials have their own issues. Compacted stone dust with granular M
provides firmness and flat surfaces, highly resistant to various trail use. However, water
permeability is low and the material can be moved by heavy rain and flooding, resulting in
washouts. In comparison, granular M material drains better than granular A, but are easier to be
displaced by trail users and can got washed away by heavy rains or floods (Bachensky, 2007;
Boone, n.d.; City of Kimberley, 2003). Taking a closer look at the problematic trail sections, it
can be found that both trail sections pass through wet areas with lots of water (Figure 17, 18,
Appendix A). In fact, 6 out of 28 points surveyed along the K&P SLSRS have ponds or lakes on
either or both left and right sides of the trail transect, along with 14 points not surveyed (see
section 4.1). Similarly, 33 out of 96 points surveyed along the Cataraqui Trail have ponds or
lakes on either or both left and right sides of the trail transect. Trails adjacent to water might be
the reason that not only explains muddiness but also various sized loose rocks along the K&P
SLSRS as heavy rains and floods create washouts. It might also be the reason that explains
muddiness and vegetation encroachment along the Cataraqui Trail. Due to their properties, stone
dust, granular A and M may not be the best material to use in wet areas. Some trail plans
recommend crusher fines, which is coarser than stone dust but thinner than granular A and M to
be used in wet areas (Table 2, pg. 23), along with trail crowning and drainage infrastructure such
as culverts (culverts are installed along both trail sections) (Bachensky, 2007; City of Kimberley,
2003).
From the above discussion, the surface material chosen and wet environment (adjacency to
water) might contribute to problem issues along trail sections. However, not all points surveyed
are located near water, yet they have trail degradations too, so what else might contribute to trail
degradation other than trail surface material and wet environments?
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5.1.3 Lack of Appropriate Trail Maintenance?
Trail maintenance is key to the sustainable operation of any trail. No matter how resistant the
surface material is, over time and with increased trail use, compaction of surface material along
soil below the surface occurs. Displacement of surface material leads to depressions along trails,
resulting in muddiness and muddy ponds (Basch, 2007; Olive & Marion, 2009; Wimpey &
Marion, 2010). However, with appropriate maintenance procedures, many problems can be
alleviated. For instance, early reporting of a tear on the trail surface and small scale resurfacing
would mitigate the problem issues. For trail sections susceptible to heavy rain and flooding, early
detection of washouts, cleaning culverts and resurfacing in a timely manner would help to
alleviate problems. Cutting and brushing along the trail would ensure the sight lines of trail users
would not be blocked, thus encouraging trail users to stay on the trail tread (Arizona Trail, n.d.;
Hesselbarth et al., 1996).
Maintenance of trails within Kingston is not known, but given the fact that the trail is very
new, maintenance may not yet be important. In terms of the rural portion of the K&P Kingston,
even though the maintenance plan is not known, evidences of maintenance work has been
observed (Figure 19, Appendix A). In terms of the K&P Frontenac trail section, the maintenance
work is done upon request. A volunteer patrols the trail and reports issues along the trail section,
then the Frontenac County sends trail maintenance people to go on the trail and deal with the
issues (Richard Allen, personal communication, March 18th, 2018, Figure 2 Appendix B).
Along the Cataraqui Trail, maintenance work relies on volunteer. A total of 20 volunteers,
each responsible for a portion of the trail, patrol trail sections on a regular basis. They are
responsible for trimming back branches, collecting garbage, ensuring water flow through
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culverts and filling in any holes in the trail surface. They are occasionally needed to mow the
trail edges or clear beaver dams or replace trail signs (Cataraqui Trail (d), 2016). Resurfacing
work is decided by the trail board member and is not part of regular maintenance work
(Cataraqui Trail (c), 2016). However, near 44.602174,-76.292211, the trail is completely blocked
off by vegetation growing into the trail as well as vegetation growing on the trail surface (Figure
13, Appendix A), indicating that mowing hasn’t been done near this point.
Not many trail maintenance procedures can be found on the K&P SLSRS. From the
information gathered, the Eastern Ontario Trail Alliance is managing the trail section for the
Central Frontenac Township (Richard Allen, personal communication, March 18th, 2018, Figure
2 Appendix B). However, no detailed maintenance procedure was provided in EOTA’s
management documentations (Miller Dickinson Blais, 2014a; Miller Dickinson Blais, 2014b).
The K&P Trail is also not listed as one of the trails maintained by the EOTA (EOTA, n.d.). No
trail ownership or management information is provided on the website of the Central Frontenac
Township (Township of Central Frontenac, n.d.). There is however evidence of trail maintenance
work. The Snow Road Snowmobile Club (under OFSA), which manages the trail portion during
the winter, has people brush, re-surface, grade, and sign along the trail. The Club also grooms the
trail for snowmobiling in the winter (Ruth Wark, personal communication, April 4th, 2017,
Figure 1 Appendix B). The issue is that no maintenance documentation is provided online, along
with the fact that OFSC’s maintenance guidelines only have grooming and brushing as part of
their maintenance regime (OSFC, 2010).

42

From the above discussion, potential lack of (appropriate) maintenance works (especially
small-scale resurfacing) might have contributed to trail degradations along problematic trail
sections.
5.1.4 Trail Maintenance Overdue?
No matter how many efforts have been put into trail management and trail maintenance, like
other transportation corridors (roads for instance), all trails have a lifespan. When its lifespan has
been reached, a complete resurfacing work need to be done before the trail can be used again.
One report claims that for asphalt trails, the average resurfacing duration is 17 years, while
on non-asphalt trails the average resurfacing duration is 9 years (Rails-to-Trails Conservancy
Northeast Regional Office, 2005). Other reports suggest that resurfacing intervals for asphalt
trails range from 8-10 years (Saitta & Snyder, n.d.). Although the 9 year resurfacing duration
may not be completely accurate (as no reason is given in the report), the fact is that both the
K&P SL to SRS and the Cataraqui Trail have been operational for a longer period of time than 9
years. The K&P SLSRS was opened some time before 2007, and the Cataraqui Trail has been in
use since 2000 (County of Frontenac, 2013; CRCA, 2017). Both trail sections may have long
passed the time when complete resurfacing should have occurred. Nevertheless, resurfacing is
urgently required along both trail sections.
Based on the above discussion and discussions in previous sections, trail degradation along
the K&P SLSRS and the Cataraqui Trail may be caused by a combination of factors: surface
material not suitable for wet conditions, possible lack of maintenance work (and lack of smallscale resurfacing) and need for complete resurfacing.
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5.2 Invasive Plant Species
Average percent cover of invasive species is highest in 5 m quadrats, and lowest in 1m
quadrats. However, as p-value is greater than 0.05, there are no significant differences in terms
of invasive plant species cover among quadrats dropped at 0, 1 and 5 m (Table 1 Appendix B),
which means that percent cover of invasive plants are similar in quadrats at 0, 1 and 5 m. This
result is not expected as if the trails act as vectors which lead to establishment and spread of
invasive plants, there would be more cover of invasive plants closer than further away from trails
(Dickens, Gerhardt & Collinge, 2005; Hansen & Clevenger, 2005).
On the other hand, if only presence or absence of invasive plants in each quadrats is analysed
(and without consideration of percent cover), it is found that invasive species appear in 18 out of
49 (36.7%) quadrats dropped at 0 m, in 14 out of 46 (30.4%) quadrats at 1 m, and in 7 out of 46
(15.2%) quadrats at 5 m from trails (Figure 8). It shows that it is more likely for invasive species
to grow at closer distance from the trails. This result supports the notion that trails easily lead to
establishment of invasive plant species (Dickens, Gerhardt & Collinge, 2005; Hansen &
Clevenger, 2005).
Further research need to be done to investigate the reasons behind similar percent cover of
invasive species at 0, 1 and 5 m away from the trails (Table 1 Appendix B). At the moment, as it
is more likely to observe invasive species in places closer than further away from trails (Figure
8), trail sections do lead to establishment of invasive plant species, which poses tremendous risk
of further spread of invasive plant species.fftttttttttttttthThe reTh es
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Chapter 6 Conclusion and Recommendations
6.1 Conclusion
The proposed alternative border-crossing route, if officially incorporated into the A2A Trail,
would not only alleviate potential increases of traffic crossing the narrow sidewalks along the
Thousand Islands International Bridge, but also bring economic development opportunities to
communities along the alternative route. In addition, the alternative route would bring more
people to the A2A Trail, thus allowing more people to learn about the A2A Region and
encourage more people to support the work of the A2A Collaborative in the form of providing
funds, volunteering or even offering opportunities for establishing partnerships between A2A
and various private and public organizations. More importantly, the alternative route would serve
as a connection between the A2A Trail and the Trans-Canada Trail, thus not only fulfilling the
A2A Collaborative’s aim to connect people and landscapes within the A2A Region, but also
elevating the organization’s role in connecting people from coast to coast and people on both
sides of the border (A2A Collaborative, 2014; A2A Collaborative, 2016; TC Trail, 2018).
Although the inclusion of the alternative route would bring tremendous benefits to many
people and organizations, following this research study, some issues exist along the alternative
route. First, in terms of connectivity, while taking K&P and then Cataraqui Trails do lead trail
users to the main route of the A2A Trail, taking K&P only to the A2A Trail is not viable due to
the incomplete section of the K&P Tichborne to Sharbot Lake (Green, 2017). Second, two trail
sections, the K&P SL SRS and the Cataraqui Trail, are in very poor trail condition due to
muddiness and rockiness as well as muddiness and vegetation encroachment respectively (Figure
8-14, Appendix A). These poor trail conditions might deter trail users from using the trail due to
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a lower quality of hiking experience but also the increased risk of injury (wet vegetation very
slippery for bikers). Last but not least, the alternative trail route has an invasive plant species
problem (Figure 8; Table 1 Appendix B), which contradicts the A2A Collaborative’s vision to
have an A2A Region with tremendous native biodiversity (A2A Collaborative, 2014).
Due to the issues mentioned above, the alternative route needs to be upgraded to become a
viable alternative route of the A2A Trail. In order to help improve the alternative route, the
following recommendations are provided for the A2A Collaborative, and other stakeholders
interested in trail improvements.

6.2 Recommendations
6.2.1 Ensuring Economic Sustainability and Proper Resurfacing of the Trails
During my initial research I was confused by how sustainability is addressed by several trail
stakeholders. While the A2A Collaborative and the Frontenac County recognised the importance
of multiple dimensions of sustainability (i.e. economic, social, health and ecological
sustainability), only economic sustainability was emphasised by the Ontario Ministry of
Tourism, Culture and Sport and CRCA (A2A Collaborative, 2014; County of Frontenac, 2009;
County of Frontenac, 2013; CRCA, 2001; Ministry of Health Promotion, 2005). I was very
critical to the notion that only economic sustainability was addressed until I found information
on the cost of trail works (Table 7).
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Table 7: Resurfacing cost of a 12.8 km trail section ($35,133/km) from Tichborne to Sharbot Lake (County of Frontenac, 2013)

As part of the trail development of the K&P Trail from Tichborne to Sharbot Lake,
resurfacing (stone dust and granular A) cost a total of almost $450,000 for 12.8km of trail. That
is about $35,000 per kilometer of trail resurfaced! According to CRCA, the number is $11,000
(with the same surface material), which is still a significant amount (Cataraqui Trails (c), 2016).
Finding these figures makes me become less critical of trail stakeholders. More importantly,
it might be the reason that no trail resurfacing has been done on sections with trail degradation
issues. As a result, ensuring economical sustainability is key to the success of the alternative
route. At the moment, most trail sections are managed by snowmobile clubs in the winter, and all
clubs sell trail permits for snowmobile uses. Part of the income maybe allocated to funding trail
improvements. Selling memberships and having a donation platform is also a great idea
(Cataraqui Trail (e), 2016). Having fundraising events during trail openings each year or other
trail activities in certain durations would also be helpful (County of Frontenac, 2009). What I
believe the most important thing to do, however, is to identify additional sources of funding
(County of Frontenac, 2009) and maybe more importantly, connect to as many people and
organizations as possible, even sponsors (Cataraqui Trail (f), 2016).
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In terms of surface materials used for resurfacing the trail sections, a cost-benefit analysis
needs to be done. Though hardened materials are recommended, which ones to use needs more
analysis (ex. asphalt or crushed stone products). If cost is not part of the equation, my
recommendation would be to use crusher fines due to its better porosity compared to stone dust
and being more resilient than granular A and M (less likely to be displaced) (Table 2, pg. 23). In
addition, crowning of the trail at 2-3% improve drainage (Bachensky, 2007).
Economical sustainability is also important to trail maintenance works, which shall be
discussed next.
6.2.2 Trail Maintenance
Although trail maintenance exists along the Cataraqui Trail, it is heavily dependent on
volunteers, and small-scale resurfacing is not part of the maintenance procedure and trail
brushing is only done occasionally. With sustainable economic support, more small-scale
resurfacing and trail brushing can be added to the trail maintenance work. In terms of trail
maintenance work on the K&P SLSRS, EOAT does some maintenance ($197/km), but better
maintenance monitoring is required (Miller Dickinson Blais, 2014b). The trail maintenance
procedures also need to be summarized and made public from the County of Frontenac and City
of Kingston.
What I think maybe done by the A2A is to come up with a common trail maintenance
guideline and standard for all trail sections of the A2A Trail, including the alternative route.
With a common guideline and standard, all trail sections have a potential to be treated equally,
increasing the chance that the entire trail can be managed at the same time. However, due to trail
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sections owned by different stakeholders, it might be a hard thing to do. How to resolve this
issues requires further planning and collaboration among different stakeholders.
6.2.3 Invasive Plant Species
The best ways to deal with existing invasive plant species are described in best management
practices provided by the Ontario Invasive Plant Council. For instance, in order to control wild
parsnip, manual control methods including pulling, tarping and mowing are required. Burning
and chemical control (such as pesticides) are less common, however maybe used in severe
situations. They must be applied with extreme caution (Tassie & Sherman, 2014). In addition,
tracking of invasive species is also important, and might be achieved by volunteers reporting
through already developed smartphone apps.
Besides tracking and monitoring invasive species, what I also think is important is the
prevention of invasive plant species establishment in the first place. A good way to prevent them
relies on education. Having an educational campaign followed by information provided at the
trail head, which asks trail users to clean clothes, cleats, tires before using the trail may help
reduce the chances that invasive species become established along trails. However, more studies
are needed to see if this method is effective.
Another recommendation is based on what I have observed during the field work season.
That is, it seems like only wild parsnip is receiving attention as an invasive plant species (Figure
20, Appendix A). It is probably due to the fact that wild parsnip is toxic to human skin,
potentially reducing trail usage (Tessie & Sherman, 2014). However, many more invasive
species are established along the trails. Common Reed, Garlic Mustard, Spotted Knapweed,
Common/Alder Buckthorn are observed along the K&P Kingston, and three more invasive plant
49

species were observed in other trail sections (White Sweet Clover, Purple Peril, and DogStrangling Vine) in addition to the ones found along the K&P Kingston. These plant species are
equally detrimental to native species and should not be ignored.
6.2.4 Other Recommendation
Currently, there are no trail support facilities/amenities: washrooms, water fountains,
benches, bicycle racks etc. existing along most of the trail sections (one restroom near Opinicon
Road along the Cataraqui Trail). These amenities are important to some trail users according to
several studies (Wolter & Linsey, 2001; Zoellner et al., 2012). Installing trail amenities would
increase trail users’ perception of the trail.
Also, future studies need to be done collecting trail user data, including users rates, modes of
transportation, demographics etc. This information is important to trail management and decision
making. For instance, if a trail section is used by a lot of wheelchair users, then this information
can be used by trail stakeholders to decide which trail surface material to use (ex. asphalt or
concrete vs gravel and crushed stone products) (City of Kitchener, 2012; Wolter & Lindsey,
2001).
As any trail cannot be fully understood without looking at it in a comprehensive manner,
comprehensive studies, which look at all of environmental, ecological, social, economic and
health perspectives of the trail of interest need to be completed.
Last but not least, as both the K&P Trail and the Cataraqui Trail were former railways
running within the A2A Region, they are not only nature trails but also cultural trails. The most
recent classification of trails, uses a culture (with high cultural values) - nature (provide close
contact with nature) paradigm (Moore & Shafer, 2001; Timothy & Boyd, 2014). As nature trails
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are usually long in distance and located in conservation areas or recreational parks, they are also
termed “ecotrails” by some researchers. However, as both the K&P and Cataraqui Trails are both
natural (travelling through the A2A Region) and cultural trails (former railways), they are very
important as they do not only allow people to use them recreationally, but can also potentially
allow trail users to learn about cultural and natural heritage. However, with the exception of the
K&P Kingston portion of trail, most of the trail sections do not have signage or other ways of
portraying the history of the old railways, thus missing a good opportunity for trail interpretation.
Installing signage or other things that reflect the history of both trails would tremendously
increase the educational value of the trails. Potentially more people would become engaged with
the trail sections.
My hope is that the recommendations provided above will lead to the alternative route
becoming sustainable and able to be included in the A2A Trail.
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Appendix A

Figure 1: Intersection between K&P and A2A. Part of the K&P is actually part of the Proposed A2A Route.

Figure 2: Intersection between Cataraqui and A2A.
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Figure 3: Trans-Canada Trail, with parts of K&P and Cataraqui Trails included (TC Trail, 2018).

Figure 4: Study Sections
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Figure 5: Example of Point Selection (Portion of the Kingston K&P Urban Trail).

Figure 6: As part of Photo identification, close-up photos of all species within the quadrat is taken.
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Figure 7: Percent Cover Estimation with Grids

Figure 8: Muddy ponds observed along the K&P SLSRS

Figure 9: Muddiness and Rockiness along the K&P SLSRS

Figure 10: Exposed rail bed rock

Figure 11: Muddiness and Rockiness
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Figure 12: Muddiness and vegetation encroachment

Figure 13: Vegetation encroachment along the
Cataraqui Trail between Clear Lake Road and Chaffeys
Lock Road (near 44.602174,-76.292211)

Figure 14: Muddiness along the Cataraqui Trail

Figure 15: Purple Peril/Loosestrife observed near 44.632229,-76.689084 along the K&P Frontenac
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Figure 16: Dogstrangling vine observed near 44.592471,-76.303985 along the Cataraqui Trail

Figure 17: the K&P SLSRS
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Figure 18: The Cataraqui Trail

Figure 19: Newly applied crished stone products have been applied to a tear on the trail surface
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Figure 20: A sign along the Cataraqui Trail warning people about wild parsnip

Figure 21: Rail bed structure (from http://superitn.eu/wp/wp-content/uploads/2015/01/Track-scheme.jpg)
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Appendix B

Table 1: Average Percent Cover of Invasive Species at different distances from the trail

SUMMARY
Groups
0m
1m
5m

Count
49
46
46

ANOVA
Source of
Variation
Between Groups
Within Groups

SS
94.32986
23523.6

Total

23617.93

Sum
Average
269.2 5.493878
173.8 3.778261
255.4 5.552174

df

MS
2 47.16493
138 170.4609

Variance
177.4664201
115.3084058
218.1407729

F

P-value
F crit
0.276690634 0.758709 3.061716
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Figure a: Questions for Ms. Wark (Snow Road Snowmobile Club)

Figure 1: Answers from Mr. Ruth Wark (Snow Road Snowmobile Club)
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Figure b: Questions for Mr. Richard Allen (County of Frontenac)

Figure 2: Answers from Mr. Richard Allen (County of Frontenac)
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