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ABSTRACT

The red fox (Vulpes vulpes) has been described as the widest distributed member
of the Order Carnivora and is capable of inhabiting both natural and human-altered
(urban or rural) areas. In the Canadian province of Prince Edward Island (PEI), red foxes
are found in natural, rural and urban areas. Since red foxes are found in many areas of
PEI, the citizens could benefit from a better understanding of the consequences of living
in close proximity with foxes. To accomplish this, studies that encompass all aspects of
fox biology are necessary. In the studies featured in this thesis, the main objectives were
to survey the parasites infecting the red fox in both urban and rural settings. These studies
were done to determine if the urban habitat change has influenced the parasite burden.
Additionally, these studies attempted to determine what kind of parasites they are
shedding into the urban environment as it can influence exposure to pets and humans.
The distribution of red foxes on PEI was an aspect of their ecology that was in
need of study. The first chapter in this thesis aimed to determine if crowd-sourced data on
red fox sightings could be used to document the presence and characteristics of red foxes
in smaller urban environments (Charlottetown and Stratford, PEI). From September 20,
2012 to May 31, 2014, the public was requested to record sightings of red foxes on a
website (www.upei.ca/redfox). During the study period, recorded sighting numbers
increased every year with a total of 2670 red fox sightings on PEI – 2040 of those
sightings were recorded in the Charlottetown/Stratford areas. Foxes were present
throughout the Charlottetown/Stratford areas and were sighted in many other areas across
PEI. The methodology used in this study was able to portray the annual breeding patterns
by showing a significant increase in sighting proportions with a young/juvenile fox
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during the late spring to late summer months. Low recruitment and retention of
participants in months without a media appearance was a challenge this study faced. This
study illustrated that citizen science data can be used to document the presence of foxes
in urban areas; but, the approach is less effective when trying to document the presence
of foxes in rural areas.
There have been no previous studies on PEI that address the parasites infecting
the urban red fox population. From July 2, 2013 to August 20, 2014, a scat survey in
Charlottetown and surrounding areas was completed to establish the species of parasites
and prevalence by use of both the ZnSO4 centrifugal fecal flotation and modified
Baermann technique. During the study period, a total of 263 red fox fecal samples were
collected. A total of 21 parasites were detected - thirteen red fox parasites, two potentially
spurious and six spurious parasites were found with individual prevalence ranging from
0.3% to 47.5%. Condition of scat and time of year had significant effects on the number
of different parasites and/or prevalence of some parasites (p < 0.05). Both significant
spatial and spatial-temporal correlations were found for Alaria sp., anoplocephalid,
Aonchotheca putorii, Crenosoma vulpis, Cystoisospora canis, Demodex sp., Eimeria sp.,
and Monocystis sp. (p < 0.05). From this study, the foxes residing in Charlottetown and
Stratford were found to be frequently parasitized and is likely to increase parasite
exposure to dogs and humans through environmental contamination.
Previous studies that surveyed red fox parasites in rural PEI were only done
during the trapping/hunting season (November – January) and were narrowly-focused
(i.e. only examined a single parasite) and/or used only the fecal flotation technique.
Therefore, to better establish the parasites infecting the red fox in rural areas and estimate
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their prevalence and intensity, parasite recovery techniques during post mortem of red
fox carcasses from different sources (hunters, trappers, road kill) were completed.
Between 2012 and 2015, 113 trapped red foxes and 16 urban road-killed foxes from
central-eastern PEI were searched for parasites. Intestinal flushes, lung flushes, and fecal
analyses were performed on all possible animals. Seven different intestinal parasite
species and two respiratory parasite species were found in the red foxes on PEI with
infection prevalence ranging from 13.2% to 86.5%. This study represents the first record
of Himasthla sp. and Stephanoprora sp. infecting red foxes on PEI. Significant spatial
and spatial-temporal clusters were also found for Alaria alata and echinostome flukes.
Additionally, the sensitivity of the fecal flotation technique was found to range from
20.6% (Cryptocotyle lingua) to 62.5% (Alaria alata). This study has produced a baseline
for parasitic infections in red foxes on PEI for the central and eastern parts of the island.
Future survey work should be completed regularly to detect new parasites that have
entered into the environment.
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CHAPTER 1

GENERAL INTRODUCTION

1.1.0 – THE RED FOX (Vulpes vulpes)
The red fox (Vulpes vulpes) (Linnaeus, 1758) is a member of the Order
Carnivora and Family Canidae. The Family Canidae is composed of dog-like animals:
such as wolves, coyotes (Canis latrans), dingos (Canis lupus dingo), the domestic
dog (Canis familiaris) and foxes. Foxes are composed of five extant genera – Vulpes,
Cerdocyon, Lycalopex, Otocyon and Urocyon; and one extinct genus - Dusicyon. The
genus Vulpes is generally referred to as the “true foxes” and contains twelve extant
species – V. bengalensis, V. cana, V. chama, V. corsac, V. ferrilata, V. lagopus, V.
macrotis, V. pallida, V. ruepellii, V. velox, V. vulpes and V. zerda (Wozencraft, 2005).
Furthermore, the red fox (V. vulpes) contains 45 subspecies (Wozencraft, 2005).
Another subspecies, V. vulpes patwin, was also suggested to be added in 2010 (Sacks
et al., 2010).

1.1.1 – General Characteristics
Members of the Family Canidae all have a similar body-plan with long legs,
lengthy muzzle with well developed canine and carnassial teeth (Voigt, 1987; Baker
& Harris, 2008). The red fox (V. vulpes) exemplifies the canid body plan, however
their skulls are more narrow with canine teeth being sharper and more prominent than
that of domestic dogs (C. familiaris) (Voigt, 1987; Baker & Harris, 2008). The red
1

fox has a white-tipped long-bushy tail and black-backed upright ears. The feet are
generally black and the belly is white to slate-grey (Voigt, 1987; Baker & Harris,
2008; Naughton, 2012). Their coats, as the common name suggests, is generally red
however there are also black, silver or cross-coloured coats (Voigt, 1987; Naughton,
2012). The length of fur, however, is longer for individuals in northern areas of North
America (Baker & Harris, 2008). The eye colour of the red fox is yellow for foxes
above the age of four weeks and blue for foxes below that age (Baker & Harris, 2008;
Naughton, 2012).
Differences between males and females are present, but slight. The sagittal
crest is more developed in males, which are generally 1 kg heavier than females
(Voigt, 1987; Baker & Harris, 2008; Naughton, 2012). Females may change coat
colour to “brick red” during lactation and belly fur may turn pink between March and
April (Baker & Harris, 2008). In the United Kingdom (UK) (i.e. England, Scotland,
Wales and Northern Ireland), males are generally larger in body size, tail length and
mass (Baker & Harris, 2008). Male foxes have a mass range of 6.4 kg to 7.3 kg,
whereas the females range from 5.4 kg to 6.2 kg. Similarly, in Canada the average
body mass of red foxes is between 3.5 kg and 7 kg (Voigt, 1987; Naughton, 2012).
Red foxes in Canada measure, on average, 100 to 110 cm from nose to tail with tail
lengths from 35 cm to 45.5 cm (Voigt, 1987; Naughton, 2012). Similarly in the
United Kingdom (UK), male foxes range in head and body length from 66.6 cm to
72.3 cm with a tail length range of 36.7 cm to 43.6 cm. In contrast, female red fox
head and body length ranges from 62.2 cm to 67.9 cm and tail length range of 34.8
cm to 41.1 cm (Baker & Harris, 2008).
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In the UK, the red fox is generally short-lived in the wild at 3-5 years, with a
maximum age of 10-11 years (Baker & Harris, 2008). Similarly, in North America,
within areas of high hunting and trapping, red foxes usually live 3-4 years (Ables,
1975). Urban foxes in London have a mean life expectancy of 12.1 and 12.4 months
for males and females, respectively, in London (Baker & Harris, 2008). However, it is
not uncommon for red foxes in captivity to be greater than 14 years old (Baker &
Harris, 2008).

1.1.2 – Range and Population
The International Union for Conservation of Nature (IUCN) describes the red
fox as the widest distributed member of the Order Carnivora (Hoffmann & SilleroZubiri, 2016). Its range spans most of the northern hemisphere and is capable of
inhabiting both natural and unnatural (urban/rural) areas: such as farmlands,
woodlands, tundra, and cities (Baker & Harris, 2008; Naughton, 2012; Hoffmann &
Sillero-Zubiri, 2016). In North America, the red fox currently inhabits all 13
provinces and territories in Canada and most of the USA (Figure 1-1).
There have been different observations of habitat preference in red foxes. In
Wroclaw, Poland, Dudus et al. (2014) found the red fox avoided high density human
housing and preferred to live on the outer limits of the urban areas. Similarly, in
Charlottetown, Prince Edward Island, Canada red foxes were found to prefer areas of
low human influence, such as parks (Lambe, 2016a). In central Portugal, red foxes
showed a significant avoidance of eucalyptus forests and human areas (urban and
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agricultural areas) but preferred coniferous forests (Pereira et al., 2012). Conversely,
Silva et al. (2009) found that red foxes in Prince Edward Island (PEI), Canada prefer
other habitats (dune and human-use) than forested areas during the breeding and kit
rearing seasons.
Home ranges for the red fox are elliptical and larger in the winter (Sheldon,
1950; Van Etten et al., 2007). Lambe (2016) found home ranges in Charlottetown,
PEI (an urban area) varied from 41.8 to 268.4 ha, with core areas (areas where the
foxes spend 50% of their time) between 7.3 ha and 50.1 ha. Home ranges in the UK
are reported to be based on type of environment with urban areas having much
smaller home ranges (8.5 ha - 100 ha) than rural areas (270 ha - 4000 ha) (Voigt,
1987; Baker & Harris, 2008). In agreement with the rural home range data presented
from the UK, Van Etten et al. (2007) reported the red fox’s home ranges were, on
average, 973 ha (range of 403 ha – 2517 ha) with core areas of 146 ha, in
Yellowstone National Park (Wyoming, USA). Similarly, in Ontario (Canada) rural
home ranges averaged 900 ha and ranged from 500 ha to 2000 ha (Voigt & Tinline,
1980). However, Silva et al. (2009) describes PEI red fox home ranges in rural areas
that vary between 77.4 and 131.3 ha with core areas between 7.2 and 13.2 ha. The
studies done by Lambe (2016) and Silva et al. (2009) have very similar home range
sizes, suggesting the home range size has changed very little between locations.
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Figure 1-1. The distribution of the red fox (Vulpes vulpes) in Canada and the USA (distribution data: IUCN, 2012).
5

1.1.3 – Diet
The red fox is an opportunistic omnivore (Ables, 1975; Baker & Harris, 2008).
Dietary composition ranges from predation of small and (scavenged) large mammals and
birds to plant material or anthropogenic foodstuffs. Preferred small mammal prey
includes voles, mice, woodchucks (Marmota monax) and many lagomorphs (Ables,
1975; Voigt, 1987; Baker et al., 2006; Baker & Harris, 2008; Naughton, 2012). In
Southern Ontario (Canada) voles make up to 50% of the red fox’s diet (Voigt, 1987). In
PEI, Bullerwell (2014) found high amounts of bird seed, feathers and vegetation in the
stomachs of rural and urban foxes. Additionally, rodents, birds, lagomorphs, arthropods
and apples were found in the red foxes’ stomachs (Bullerwell 2014). In a study done in
Zurich, Switzerland, 61.5% of the stomach contents were cultivated fruit and crops,
scavenged meat and other scavenge (anthropogenic and intermediate foods) (Contesse et
al., 2004).
The feeding habits of the red fox, however, vary between seasons. During the
winter in Ontario, foxes will generally consume more animal tissue; whereas in the
summer and autumn months insects and fruits are more common foods (Voigt, 1987).
Similarly in Zurich (Switzerland), invertebrates, fruit and cultivated crops were more
frequently found in red fox stomachs in the summer months than in winter months
(Contesse et al., 2004). In Massachusetts, USA it was reported almost 100% of the diet of
red foxes could be berries (blueberries and raspberries) and black cherries in seasons of
abundance (Hamilton et al., 1937).
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1.1.4 – Denning, Reproduction and Kit Rearing
Foxes will dig and use dens throughout the year, but mainly before the
reproduction period (Ables, 1975; Baker & Harris, 2008). Dens are used for reproduction,
protecting the young kits and escaping bad weather (Baker & Harris, 2008). Dens are
created in a wide variety of areas such as old rabbit/hare burrows, banks/small hills,
under sheds, gardens or cemeteries. Dens may be moved or changed due to any human
disturbance (Baker & Harris, 2008; Lambe, 2016b). On Herschel Island, Yukon
(Canada), Gallant et al. (2014) showed foxes choose their den locations mainly based on
areas that have a large abundance of prey in the spring and somewhat chose den areas
close to the coast. Lambe (2016b) described the den entrances in Charlottetown, PEI to
generally face in a southern direction, constructed in long grass and away from human
influence in more natural areas. There has, however, been no previous study on PEI
recording red fox reproduction (birthing dates, mating, weaning peroids, etc.).
Reproduction in red foxes is annual. In North America, breeding peak months
vary from December to April (Ables, 1975; Naughton, 2012). In Ontario, red fox mating
generally occurs from January to February (Voigt, 1987). It has been suggested the
differences in peak breeding months may be due to differences in latitude with the
southern latitudes breeding earlier (December) and the northern latitudes later in the
breeding period (Sheldon, 1949; Voigt, 1987). Females will generally mate with only one
male (monogamy) for their lifetime; however, polygyny has been observed in some cases
(Sheldon, 1949; Baker & Harris, 2008). Copulations may last only a few seconds,
however sometimes the male’s bulbus glandis will swell and bind the pair together,
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creating a “copulatory tie”. This tie can last over an hour and usually occurs within a den
(Baker & Harris, 2008).
The gestation period for the red fox is between 49 and 58 days, averaging
between 52 and 53 days in Canada and the UK (Voigt, 1987; Baker & Harris, 2008;
Naughton, 2012). The females usually give birth to litters of four (Europe) to eight kits
(Ontario), however litters of 14 have been reported where high mortality from hunting,
trapping and rabies occur (Ables, 1975; Voigt, 1987). Red fox kits are born blind,
toothless and deaf, and between 56 g and 120 g (Baker & Harris, 2008). The vixen’s
lactation period lasts six to seven weeks and the kits are weaned at 5-10 weeks of age
(Ables, 1975; Baker & Harris, 2008; Naughton, 2012). The parents begin to bring the kits
solid food between three and four weeks of age (Baker & Harris, 2008; Naughton, 2012).
The vixen stays with the kits the majority of the time for 2-3 weeks after birth as
the kits are unable to thermoregulate effectively during that period (Baker & Harris,
2008). During this time, the male or dog-fox will generally feed the family but the family
may also be fed by a female without kits (Baker & Harris, 2008; Naughton, 2012).
Between three and four months old, the kits will begin to venture outside the den and
they will reach their adult size between six and seven months old (Baker & Harris, 2008;
Naughton, 2012). Females will reach sexual maturity between nine and ten months old
and will give birth to their first litter of kits at one year of age.
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1.1.5 – Threats and Conservation
The red fox is listed as “least concern” under the International Union for the
Conservation of Nature (IUCN) and is not currently listed under the Committee on the
Status of Endangered Wildlife in Canada (COSEWIC) or the Species at Risk Act
(SARA) in Canada (Hoffmann & Sillero-Zubiri, 2016).
There are few major threats to the red fox that can significantly reduce their
populations. These threats include disease (rabies), mass culling and habitat destruction
(Heydon et al., 2000; Hoffmann & Sillero-Zubiri, 2016). However, as suggested by
Hoffmann & Sillero-Zubiri (2016), because of the fox’s ability to eat a variety of food
items and adapt to different environments, habitat destruction is unlikely to reduce their
population numbers. Historically, mass cullings have been done to mitigate disease,
reduce agricultural predation and for harvest in the fur industry. In 1890 approximately
130,000 red fox pelts were harvested in North America: as such, the fur industry owes
much to the red fox, as they were one of the largest commercially farmed animals for fur
(Obbard et al, 1987; Hoffmann & Sillero-Zubiri, 2016).
In Australia, the red fox has successfully established and is considered to be a
highly invasive major agricultural pest (Saunders et al., 1995; Forsyth et al., 2004). Red
foxes can pose a threat to livestock and other species, including some game birds (Baker
& Harris, 2006). In Europe, Great Britain, Canada and the USA, the foxes may carry
zoonotic pathogens such as the rabies virus, Sarcoptes scabiei, Echinococcus
multilocularis, and Echinococcus granulosus (Hnatuik, 1969; Baron, 1970; Smith, 1978;
Ballard & Vande Vusse, 1983; Ballard, 1984; Davidson et al., 1992; Storandt & Kazacos,
1993; Dubey et al., 1999; Hofer et al., 2000; Baker & Harris, 2006). Due to these disease
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concerns, foxes have become the target of mass cullings. Many methodologies for
controlling the populations have been implemented including; poison bait, fertility
control, snaring, rewarding hunters, traditional fox drives and mounted hunts (Baker &
Harris, 2006; Adriani et al., 2011; McLeod & Saunders, 2014).
Foxes have limited predators in Canada, including the gray wolf (Canis lupus),
lynx (Lynx lynx), mountain lions (Felis concolor), bobcats (Lynx rufus), coyotes (Canis
latrans), eagles, dogs (Canis familiaris) and humans (Homo sapiens) (Ables, 1975;
Voigt, 1987; Naughton, 2012). In the United Kingdom, red foxes have even fewer
predators – golden eagles (Aquila chrysaetos), badgers (Meles meles), dogs (C.
familiaris), humans and potentially other red foxes (Baker & Harris, 2008).

1.2.0 – URBAN WILDLIFE AND THE URBAN RED FOX
In a world of increasing human populations and urban expansion, wild species are
faced with moving, adapting to new landscapes or potentially facing extinction. Some
wildlife have adapted by moving to other areas where their original habitat still exists,
whereas others have moved into the urban sprawl. Urban wildlife, defined as any
vertebrate (other than humans) or invertebrate living in an urban area, can be classified
into three types: urban adapters, urban exploiters and urban avoiders (McKinney, 2002;
Krausman, 2013). Urban avoiders, as the classification title suggests, generally tend to
avoid humans and human development (McKinney, 2002). Urban adapters and urban
exploiters, however, use human development. The two classifications differ in which
urban adapters use some human developments, whereas urban exploiters are completely
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dependent on human resources (McKinney, 2002). In comparison to their rural
counterparts, it has been suggested the urban setting changes many aspects of species’
behaviour and survival (Lunaik, 2004). It has been reported that the urban setting
increases the average lifespan of wildlife, increases species density, decreases migration
patterns, increases length of breeding seasons, reduces predation (therefore increasing
average lifespan) and changes the amount of activity animals have during the day
(Lunaik, 2004).
Medium-sized carnivores such as coyotes (Canis latrans) and red foxes (Vulpes
vulpes) have adapted to an urban lifestyle. Coyotes have been reported in many cities
such as Chicago, Illinois, USA (Gese et al., 2012; Magle et al., 2014); Calgary, Alberta,
Canada (Catalano et al., 2012); and Denver, Colorado, USA (Malmlov et al., 2014;
Poessel et al., 2015). The red fox is also found in many urban areas, as documented in
Zurich and Geneva, Switzerland (Hofer et al., 2000; Gloor et al., 2001; Contesse et al.,
2004; Reparant et al., 2007) and in London and Bristol in the United Kingdom (Richards
et al., 1995; Baker et al., 2000; Baker et al., 2007; Baker & Harris, 2008).
The red fox is in possession of traits that allow them to adapt to the urban
landscape. As an opportunistic omnivore, the red fox is very versatile in its diet (Ables,
1975; Voigt, 1987; Contesse et al., 2004; Baker et al., 2006; Baker & Harris, 2008;
Naughton, 2012; Bullerwell, 2014). This can include anthropogenic foodstuffs. In Zurich,
Switzerland red foxes were found to have over 50% of their stomach content’s being
anthropogenic food (Contesse et al., 2004). Additionally, the red foxes’ ability to adapt
its behaviours to new environments is another part of its success in urban landscapes. For
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example, a behavioural adaptation red foxes have acquired in the UK is traffic avoidance,
which reduces mortality in cities (Baker et al. 2007).
Red foxes are generally nocturnal and crepuscular (Baker & Harris, 2008;
Naughton, 2012). However, their activity times vary based on location, weather
conditions, whether or not females are lactating or the amount/times of persecution from
humans (Voigt, 1987; Baker & Harris, 2008). Humans have variable relationships with
the red fox. In the United Kingdom, farmers, shepherds and gamekeepers see the red
foxes as pests; whereas in urban areas, they are generally appreciated by the public as
wildlife (Baker & Harris, 2008). Similarly, a study done by Martin (2015) in
Charlottetown, Prince Edward Island (PEI), Canada (the largest urban area on PEI) found
the residents do not find the foxes to be threats or pests.

1.3.0 – THE RED FOX ON PRINCE EDWARD ISLAND, CANADA
Prince Edward Island (PEI), Canada is a small island province situated in the
southern Gulf of St. Lawrence on Canada’s Atlantic coast. Approximately 146,447
human residents populate the island (Statistics Canada, 2015). The mammalian fauna of
PEI is generally small-bodied. The largest terrestrial carnivorous wild mammals on PEI
are the coyote (Canis latrans), red fox (Vulpes vulpes) and the locally extirpated - bobcat
(Lynx rufus). The red fox on PEI is widespread across the island and has moved into the
two urban centers of PEI, Summerside and Charlottetown (and surrounding areas). It has
been speculated the move to urban areas was caused by the colonization of coyotes on
PEI between the 1970’s and 1980’s (Silva-Opps & Opps, 2011; Lambe, 2016c).
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Consistent with the dates for the arrival of the coyote on PEI, the red fox has moved into,
and successfully adapted to the urban landscape of Charlottetown and surrounding
neighborhoods within the last 30 to 40 years (Lambe, 2016).
Prince Edward Island residents generally coexist with the local red foxes.
Residents generally view the red fox as an attractive animal, do not consider them as
threats or pests and can have very close relationships to the foxes (Martin, 2015). The
relationship between PEI’s residents and the foxes began with the fox fur industry. In
1884, on a small island (Oulton Island) located within Alberton Harbour, PEI, a fox farm
raised red foxes with silver coats and began fetching high prices for the pelts, one selling
for $1807 (Stresman, 2006). The second and third ranches were created in 1898 and
1900, respectively. The fox fur industry grew very quickly after the first three ranches
became successful. People began to invest in livestock and within 20 years the fox fur
industry was worth millions of dollars on PEI (Stresman, 2006). The industry continued
to grow until about 1948 when the industry crashed and the pelts were only going for a
fraction of their previous value (about 20%). By 1955, only 5% of the fox farms
remained on PEI – 189, down from 3,729 in 1946 (Stresman, 2006).
Residents of PEI have a harmonius relationship with the urban foxes that has been
shaped over many years. The relationship between residents and foxes does, however,
involve feeding the foxes directly (Lambe, 2016). However, it has been shown
anthropogenic food accounts for very little of the red foxes’ diet. Bullerwell (2014) found
a small portion of anthropogenic foodstuffs and large portion of birdseed (a potentially
anthropogenic food source) within the stomachs of red foxes on PEI. The proportion of
birdseed was significantly larger in urban foxes than in rural. However, only three urban
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fox stomachs were analyzed because of availability and may not be representative of the
general PEI urban fox population. The aforementioned feeding of foxes on PEI also
sometimes involved direct hand-feeding: a very dangerous activity that has resulted in
humans being bitten (Lambe, 2016). In addition to the long previous relationship between
humans and foxes on PEI, it has also been suggested the mutual coexistence may, in part,
be due to the complete lack of rabies and Echinococcus sp. in the island fox populations
(Lambe, 2016c).

1.4.0- SURVEYING URBAN CARNIVORES

1.4.1 – Previous Data Collection Methodologies for Surveying Carnivores
Data collection methodologies have changed much over the years. In the past,
researchers have obtained distribution information on animals through invasive and noninvasive methodologies. Methods such as snow tracking, baiting, camera traps, fur
snaring, GPS collaring and fecal detection dogs have been used in the past to estimate
carnivore species’ population distribution and home range (Moruzzi et al., 2002; Squires
et al., 2004; Long et al., 2007; Ordenana et al., 2010; Lambe, 2016). These methods
however are generally used in rural areas although some can be adopted to work in urban
areas.
A major challenge facing researchers studying carnivore distribution in urban
areas, is the urban environment itself. It is commonly known that urban areas have much
higher human and domestic pet population density than in rural areas. With the increase
in human and pet population density, the more invasive methodologies for collecting
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distribution data are generally not allowed. Invasive methods such as trapping (leg hold),
snaring and hunting are usually illegal in most urban areas as they pose a hazard to both
domestic animals and humans. Snow-tracking can be used in urban areas, however it has
limitations. The first limitation of snow tracking is the snow: if there is no snow on the
ground, data cannot be collected. The second limitation of snow tracking in urban areas,
and a limitation to all urban wildlife studies, is private property. Wildlife does not
understand the boundaries of private property, but researchers do, potentially leading to
difficulties in following trails or acquiring data (Cooper et al., 2007). Remotely triggered
cameras with (or without) baiting stations have been previously used for carnivore
distribution studies and have be used in urban areas, but again have the limitation of
gaining access to private property and can become very expensive (Moruzzi et al., 2002;
Ordenana et al., 2010).
Urban environments also provide a new set of challenges for researchers studying
wildlife in these areas. With the many challenges of studying urban carnivores,
researchers are attempting to develop new methodologies that utilize funding more
efficiently yet still produce sufficient quality and amount of data required to study urban
carnivores. One such methodology created in an effort to mitigate funding costs and
aquire sufficient data is citizen science.

1.4.2 – Citizen Science
Citizen science is a data collection method in which the researcher enlists
volunteers to help collect data to answer research question(s) that will be later analyzed
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and interpreted by the researcher (Cooper et al., 2007; Bonney et al., 2009; Hochachka et
al., 2012). Citizen science projects have gained popularity by researchers studying urban
ecosystems due to its (generally) low cost of operation, ability to gain access to private
property, gain public interest and collect high amounts of data (Cooper et al., 2007;
Bonney et al., 2009; Hochachka et al., 2012). Citizen science, is very versatile and has
been used for a variety of studies with birds, earthquakes, invasive species, mammals,
plants, fungi, butterflies, fish, invertebrates, water quality, microbiomes, global night sky
luminance, disease surveillance, and astronomy (Marks & Bloomfield, 1999; Lepczyk et
al. 2004; Marks & Bloomfield 2006; Sullivan et al., 2009; Silvertown, 2009; Bonney et
al., 2009; Dickinson et al., 2010; Joy et al., 2011; Hay et al., 2013; Kyba et al., 2013;
Bonney et al., 2014).
Citizen science projects began as paper or phone-based questionnaires distributed
to schools and/or households (Harris & Rayner, 1986; Marks & Bloomfield, 1999; Marks
& Bloomfield, 2006; Silvertown, 2009), but have changed mainly to online, web-based
survey style as access to the internet has increased (Bonney et al., 2009; Hochachka et al.,
2012). Online-based citizen science projects, eBird and Zooniverse, have become very
successful studies respectively (Bonney et al., 2009; Sullivan et al., 2009; Smith et al.,
2013; Sullivan et al., 2014). Citizen science has been shown to produce the same quality
of data as that collected by experts with proper training of citizens and protocols (Bonney
et al., 2014; Danielsen et al., 2014).
There are, however, some challenges associated with citizen science. The first
challenge is overcoming geopolitical boundaries. If a species is able to traverse political
borders (many are) there must be a partnership and awareness of the projects between all
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countries within the range (Dickinson et al., 2010). Furthermore, Dickinson et al. (2010)
suggested to add historical data to the crowd-sourced data and educate the citizens on
how the project worked. It was also noted that funding agencies should begin providing
training programs, engage ecologists in the development of projects and ensure this
methodology was promoted as a developing field (Dickinson et al., 2010). Another
challenge facing citizen science projects is recruitment and retention of participants
(Dickinson et al., 2010; Hochachka et al., 2012). Insufficient recruitment can result in
low amounts of data, or data from only a small number of observers. Low participant
retention can also result in decreased data collected over time (Dickinson et al., 2010;
Hochachka et al., 2012). Additionally, recruitment and retention can be influenced if the
online-based system is overly complicated (Dickinson et al., 2010; Hochachka et al.,
2012). Citizen science projects also have to overcome the high potential for data error
(random or systematic) – another challenge. Data error can be caused by the variation in
sampling effort (space and time) from the participants (Dickinson et al., 2010). Low
participant retention can cause a variation in sampling effort over time where the amount
of data collected throughout the study period is inconsistent. Variation in sampling effort
over time can also cause rare species to be over reported and common species to be under
reported, therefore creating potential for high amounts of bias (Dickinson et al., 2010).
Spatial variation in sampling effort, similarly to temporal variation in sampling effort, can
also cause error if there are areas where little or no data has been submitted.
Red foxes have been the focus of several citizen science projects. A study done by
Harris and Rayner (1986) created a paper-based questionnaire distributed to all school
children in multiple English towns (Bath, Bournemouth, Poole, Birmingham, Dudley,
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Sandwell, Solihull and Walsall) to report fox sightings to estimate the number of foxes
living within urban centers. Citizen science has also been successful in determining den
site locations in urban areas (Marks & Bloomfield, 1999; Marks & Bloomfield, 2006;
Lambe, 2016). One study, conducted by Scott et al. (2014) used a television-led
solicitation to bring citizens to an online sighting survey to mark the potential changes in
red fox distribution in Great Britain. Scott et al. (2014) did, however, make note that
there needed to be more studies done to determine the relationship between sighting
density and fox density. The majority of these studies have however been done in urban
areas with high human populations where a large number of participants can be recruited.
The red fox, is generally considered an attractive animal: this combined with the large
human populations could result in increased participant recruitment in these areas (Marks
& Bloomfield, 1999; Baker & Harris, 2008).

1.5.0 –INTRODUCTION TO PATHOGENS POTENTIALLY INFECTING THE
RED FOX
The red fox, can become infected with viral, bacterial, fungal and parasitic agents.
Bacteria known to infect red foxes include Staphylococcus sp., Francisella tularensis
(tularemia), Leptospira sp. (leptospirosis), Brucella abortus (Brucellosis), and Salmonella
infantis (Ables, 1975; Baker & Harris, 2008). Information on viral diseases for the red
fox is somewhat limited, with the exception of the rabies virus. Viral diseases known to
infect red foxes include canine encephalitis virus (CEV), Morbillivirus (canine
distemper), hepatitis, parvovirus and rabies (Baker & Harris, 2008). The red fox is
suggested to be the main vector of the rabies virus in most of Europe (Baker& Harris,
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2008). Similarly, in Canada, the red fox was shown to have the highest prevalence of all
animals tested for rabies in Ontario: between the years of 1958 and 1986, there were
17,982-recorded rabid red foxes (44.6%) (Rosatte, 1988). In Canada, from 1980-1986,
1880 humans were vaccinated after exposure to possibly rabid foxes (Rosatte, 1988).
Additionally, from 1998 to 2016 there were 446 records of foxes with the rabies virus in
Canada with no positive red fox rabies case recorded in PEI (Canadian Food Inspection
Agency, 2017).

1.5.1 – Brief Introduction to Parasites and Parasitic Infections
It has been suggested that there is at least one parasite for every living organism
on the planet (Poulin & Morand, 2000). A parasite is defined as a smaller organism that
lives in or on a larger organism called a host, at the expense of that host (Bowman,
2014a). Parasites have either monoxenous (direct) or heteroxenous (indirect) life cycles
(LaPage, 1956; Anderson, 2000). A parasite with a monoxenous (direct) life cycle infects
a host without the use of an intermediate host (LaPage, 1956; Anderson, 2000). A
parasite with a heteroxenous (indirect) life cycle, however, requires the use of
intermediate host(s) for development (LaPage, 1956; Anderson, 2000). Parasites are
classified as either endoparasites that live inside (infect) the body of a host or
ectoparasites that live on (infest) the outer surfaces of the host (Bowman, 2014a).
Furthermore, parasites can have three types of hosts: definitive, intermediate and/or
paratenic. The definitive, or final, host is where parasite reproduction occurs (Bowman,
2014a). The intermediate host is an animal that is required by the parasite for
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development (Bowman, 2014a). Paratenic hosts, however, are animals in which a parasite
can survive but no further development occurs (Bowman, 2014a).
The diversity of parasites can be broadly classified by their higher taxonomic
orders. These include the Arthropoda (insects and arachnids), Protista (single-celled),
Trematoda (flukes), Cestoidea (tapeworms), Nematoda (round worms) and
Acanthocephala (thorny-headed worms) (Bowman, 2014b-g). Arthropods are further
divided into Arachnida (mites, ticks and chiggers) and Insecta (fleas, flies, lice,
mosquitoes, gnats, etc.). Arthropod parasites have a chitinized exoskeleton with skeletal
muscle and a fully-formed gut. Some of these parasites can also be vectors (organisms
that transmit parasites from one host to another) of bacterial, viral or parasitic agents,
such as Lyme disease, Rocky Mountain spotted fever and canine heartworm (Bowman,
2014a,b). Protistan parasites are single-celled parasites including flagellates, ciliates,
amoebae, coccidia, piroplasms, and malarias (Bowman, 2014c). Trematodes are
hermaphroditic flat worms that can be subdivided into monogenetic flukes and digenetic
flukes (Bowman, 2014d). Monogenetic flukes are mainly monoxenous ectoparasites of
fish or amphibians; whereas digenetic flukes are heteroxenous with alternating asexual
and sexual generations (Bowman, 2014d). Cestodes are segmented, hermaphroditic flat
worms with each segment containing both sexual reproductive organs (Bowman, 2014e).
Nematodes are very common in animals and can infect a wide variety of organs, such as
intestines, lungs, kidneys, brain and/or heart (Bowman, 2014f). Finally, acanthocephalans
can be identified by their cylindrical, gutless body; however, their most defining feature
is the thorny proboscis they use to anchor themselves into the wall of the intestine of their
host (Bowman, 2014g).
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1.5.2 – Parasites of the Red Fox
Parasites of the red fox have been generally well documented, especially parasites
that pose potential threats to domestic animals or humans (e.g. Dirofilaria immitis - the
American heartworm, Trichinella spiralis and Echinococcus multilocularis). In Canada,
there have been 14 nematode, 9 cestode, 11 trematode and 6 protozoan parasites
previously reported in red foxes (Table 1-1). Of the total 40 parasites reported to infect
red foxes in Canada, 10 are capable of causing a zoonosis (Table1-1; Bowman, 2014a).
Similarly, previous reports in the United States of America (USA) include 20 nematode,
9 cestode, 5 trematode and 4 protozoan parasites infecting the red fox (Table 1-2). In the
USA, 12 of the 38 reported parasites of the red fox have zoonotic potential (Table 1-2;
Bowman, 2014a). In addition to the zoonotic threat, because the red fox is a member of
the Canidae family, it is likely every parasite that is able to infect foxes is able to infect
domestic dogs (Gary Conboy, personal communication).
In the province of PEI, there have been some (generally) narrowly-focused,
studies on the parasites infecting the red fox (Appleyard et al., 1998; Navarez et al., 2005;
Wapenaar et al., 2006; Wapenaar et al., 2007; Wapenaar et al., 2013; Bullerwell, 2014;
Stavert, 2015). These previous studies have shown 9 nematode, 2 cestode, 4 trematode
and 5 protozoan parasites infect the red fox on PEI (Table 1-1). Two of the parasites
previously reported to infect red foxes on PEI have been labled as zoonotic – Toxocara
canis and Trichinella spiralis (Table 1-1; Bowman, 2014a). Toxocara canis, can use
humans as a paratenic host in which the third stage larvae will migrate through the body
generally staying in the brain, liver, lungs or kidneys (visceral larval migrans) (Bowman,
2014f). It is also possible that T. canis will travel to the eyes of a human (ocular larval
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migrans) and cause damage to the retina (Bowman, 2014f). Trichinella spiralis, can
cause extensive damage and potentially even death in humans if enough larvae are
ingested (Bowman, 2014f). Humans suffering with trichinellosis may have periorbital
edema, myalgia, fever, gastroenteritis, conjunctivitis, pruritus, esosinophilia exceeding
20% and skin eruption (Bowman, 2014f). Although these zoonotic parasites have been
reported in red foxes on PEI, the prevalence of these parasites is reported to be 25.1% for
T. canis and 0.98% for T. spiralis and zoonoses of these parasites can be avoided by
proper hygiene and sanitation (Appleyard et al., 1998; Wapenaar et al., 2013; Bowman,
2014f).

1.5.3 – Infection Differences: Urban Versus Rural
Many parasites require an intermediate host to complete their life cycle.
Transmission from the intermediate host to the definitive host can be achieved by either
the intermediate host biting or being consumed by the definitive host. Many of the
previously reported red fox parasites require the egg/cyst/larvae to first be consumed by
the intermediate host(s), and then the intermediate host consumed by the red fox
(definitive host). As shown by Contesse et al. (2004), urban foxes can have high amounts
of anthropogenic food in their diets. This anthropogenic food is likely to be free of, or
have reduced levels of parasites, bacteria or viruses. The anthropogenic food is likely to
be “clean” since humans, generally, have knowledge on the potential threats of
undercooked meat or proper food safety and handling. Since the urban foxes are more
likely to be exposed to anthropogenic food, it is likely there are differences in parasite
infection prevalence between urban and rural foxes.
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In a study done by Fischer et al. (2005), significant differences were found in the
prevalence of Echinococcus multilocularis within urban areas and rural areas surrounding
Geneva, Switzerland. It was found that 31% of the foxes tested in the city carried E.
multilocularis; whereas 52% of the rural foxes carried the cestode (Fischer et al., 2005).
Reperant et al. (2007), in Geneva, reported higher prevalence of E. multilocularis, Taenia
sp., T. canis, Toxascaris leonina, and Uncinaria stenocephala in rural foxes compared to
urban foxes. A similar result was observed in France where 54% of the rural foxes carried
E. multilocularis but only 4% of the urban foxes were infected (Robardet et al., 2008).
The lower infection prevalence of these red fox parasites in the urban areas is likely due
to a reduced amount of rodent intermediate or paratenic hosts in those areas (Reperant et
al., 2007). Similarly, Richards et al. (1995) found that rural female foxes in the southern
UK were more heavily infected with T. canis and U. stenocephala than their urban
counterparts. Additionally, rural male foxes were found to have higher infection levels of
Taenia pisiformis in comparison to urban males and urban foxes were found to have
higher infection prevalences of Dipylidium caninum, Brachylaima recurva and
Cryptocotyle lingua (Richards et al., 1995). Although the common explanation and result
from previous studies is that generally, rural red foxes have higher prevalence of parasites
due to the lack of intermediate hosts in the urban environment, there has been no study
done on PEI addressing this.
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Table 1-1. List of parasites reported in primary literature to infect the red fox (Vulpes vulpes) in Canada.
Kingdom
Animalia

Phylum
Nematoda

Class

Platyhelmenthes

Cestoidea

Trematoda

Protozoa

a.

Parasite
Ancylostoma caninumb
Angiostrongylus vasorum
Aonchotheca putorii
Capillaria sp.
Crenosoma vulpis
Eucoleus aerophilus
Eucoleus boehmi
Pearsonema plica
Toxascaris leoninab
Toxocara canisb
Trichinella sp.
Trichinella spiralisb
Trichuris vulpis
Uncinaria stenocephala
Diphyllobothrium cordatum
Diphyllobothrium latumb
Diphyllobothrium sp.
Dipylidium caninumb
Echinococcus multilocularisb
Mesocestoides sp.
Taenia crassiceps
Taenia pisiformis
Taenia sp.
Alaria alata
Alaria americana
Alaria arismoides
Alaria marcinanae
Alaria mustelae
Alaria sp.
Cryptocotyle lingua
Echinostoma revolutum
Metorchis conjunctus
Paragonimus kellicottib
Phagicola longa
Babesia annae
Coccidia
Neospora caninum
Neospora sp.
Sarcocystis sp.b
Toxoplasma gondiib

Province(s)a
QC
NL
PE
PE
ON, NL, NB, NS, PE
ON, QC, NB, NS, PE
PE
ON, QC, PE
ON, QC, MB
ON, MB, NB, NS, PE
NT, AB
QC, PE
QC
PE
ON
ON
ON
QC
SK, MB
ON, PE
ON, MB, NB, NS, PE
ON
ON, MB, PE
PE, QC, MB
ON, PE, QC, NB, NS
ON, MB, NB, NS
SK
ON, NB, NS
PE
NB, NS, PE
NB, NS
NB, NS
ON
ON, QC
PE
PE
PE
PE
PE
ON

Citation(s)
Swales, 1933
Smith & Threlfall, 1973
Bullerwell, 2014
Wapenaar et al., 2013
Law & Kennedy, 1932; Threlfall, 1969; Smith, 1978; Navarez et al., 2005
Law & Kennedy, 1932; Swales, 1933; Smith, 1978; Navarez et al., 2005
Stavert, 2015
Law & Kennedy, 1932; Swales, 1933; Stavert, 2015
Law & Kennedy, 1932; Swales, 1933; Samuel et al., 1978
Law & Kennedy, 1932; Baron, 1970; Smith, 1978; Wapenaar et al., 2013
Smith & Snowden, 1988
Frechette & Panisset, 1973; Appleyard et al., 1998
Swales, 1933
Wapenaar et al., 2013
Law & Kennedy, 1932
Law & Kennedy, 1932
Freeman, 1962
Swales, 1933
Hnatuik, 1969; Baron, 1970
Freeman, 1962; Wapenaar et al., 2013
Freeman, 1962; Baron, 1970; Smith, 1978; Whipp et al., 2017
Freeman, 1962
Freeman, 1962; Samuel et al., 1978; Wapenaar et al., 2013
Swales, 1933; Baron, 1970
Law & Kennedy, 1932; Swales, 1933; Smith, 1978
Law & Kennedy, 1932; Samuel et al., 1978; Smith, 1978;
Hoberg & McGee, 1982
Smith, 1978
Wapenaar et al., 2013
Smith, 1978; Wapenaar et al., 2013
Smith, 1978
Smith, 1978
Ramsden & Presidente, 1975; Presidente & Ramsden, 1975
Swales, 1933
Clancey et al., 2010
Wapenaar et al., 2013
Wapenaar et al., 2007
Wapenaar et al., 2006
Wapenaar et al., 2013
Quinn et al., 1976; Tizard et al., 1976

Provinces listed: Alberta (AB), Manitoba (MB), New Brunswick (NB), Newfoundland and Labrador (NL), Nova Scotia (NS), Northwest Territories (NT), Ontario (ON), Prince Edward Island (PE), Quebec (QC) and Saskatchewan (SK).
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b.

Zoonotic parasite (Bowman, 2014a).

Table 1-2. List of parasites reported reported in primary literature to infect the red fox (Vulpes vulpes) in the United States of America
(USA).
Parasite
State(s)a
Citation
Ancylostoma caninumb
IA, FL, NM
Smith, 1943; Conti, 1984; Ubelaker et al., 2013
Ancylostoma tubaeforme
FL
Conti, 1984
Angiostrongylus vasorum
WV
Kistler et al., 2014
Crenosoma vulpis
NY, MA
Goble & Cook, 1942; Rankin, 1946
Dirofilaria immitisb
MI, FL, AR, NE, OH, MO
Stuht & Youatt, 1972; Conti, 1984; King & Bohning, 1984; Dubey et al., 1990; Wixom et al., 1991
Eucoleus (Capillaria) aerophilus
NY, MO, IL, FL, WV
Goble & Cook, 1942; Rankin, 1946; Dyer, 1982; Conti, 1984; Kistler et al., 2014
Molineus barbatus
FL
Conti, 1984
Pearsonema (Capillaria) plica
MA, OH
Rankin, 1946; Snyder, 1987
Physaloptera felidisb
IA
Smith, 1943
Physaloptera rarab
MN, FL
Erickson, 1944; Conti, 1984
Physaloptera sp.b
MN, MA, OH
Erickson, 1944; Rankin, 1946; Dubey et al., 1990
Spirocerca lupi
FL, MN
Dyer, 1982; Ubelaker et al., 2013
Toxascaris leoninab
IA, MN
Smith, 1943; Erickson, 1944
Toxascaris sp.
OH
Davidson et al., 1992
Toxocara canisb
IA, MN, MA, FL
Smith, 1943; Erickson, 1944; Rankin, 1946; Conti, 1984
Toxocara sp.
OH
Davidson et al., 1992
Trichinella spiralisb
IA, MN, IL, OH
Zimmerman & Hubard, 1969; Stromberg & Prouty, 1987; Snyder, 1987; Davidson et al., 1992
Trichuris vulpis
FL
Conti, 1984
Trichuris sp.
OH
Davidson et al., 1992
Uncinaria stenocephala
MN, MA, OH
Erickson, 1944; Rankin, 1946; Davidson et al., 1992
Platyhelmenthes
Cestoidea
Echinococcus multilocularisb
IL, NE, WI, OH, IN
Ballard & Vande Vusse, 1983; Ballard, 1984; Davidson et al., 1992; Storandt & Kazacos, 1993; Dubey et al., 1999
Mesocestoides variabilis
NM
Ubelaker et al., 2013
Mesocestoides sp.
IA
Smith, 1943
Taenia (Multiceps) serialisb
MN
Erickson, 1944
Multiceps sp.
MN
Erickson, 1944
Taenia crassiceps
OH
Davidson et al., 1992
Taenia pisiformis
MN, OH
Erickson, 1944; Davidson et al., 1992
Taenia sp.
IA, MN, FL
Smith, 1943; Erickson, 1944; Conti, 1984
Anafilaroides pararostratus
FL
Conti, 1984
Trematoda
Alaria americana
OH
Davidson et al., 1992
Alaria arismoides
MA, MN, OH
Rankin, 1946; Gilbertson, 1977; Davidson et al., 1992
Alaria canis
MN
Erickson, 1944
Alaria sp.
OH
Davidson et al., 1992
Paragonimus kellicottib
MN, MI, OH
Erickson, 1944; Stuht & Youatt, 1972; Davidson et al., 1992
Protozoa
Cystoisospora (Isospora) sp.
IA, OH
Smith, 1943; Davidson et al., 1992
Hepatozoon canis
WV
Kistler et al., 2014
Sarcocystis sp.b
OH
Davidson et al., 1992
Toxoplasma gondiib
PA, IN, KY, MI, OH
Dubey et al., 1990; Dubey et al., 1999
a.
States listed: Arkansas (AR), Florida (FL), Illinois (IL), Indiana (IN), Iowa (IA), Kentucky (KY), Massachusetts (MA), Michigan (MI), Minnesota (MN), Missouri (MO), Nebraska (NE), New Mexico (NM), New York (NY),
Ohio (OH), Pennsylvania (PA), West Virginia (WV) and Wisconsin (WI). b. Zoonotic parasite (Bowman, 2014a)
Kingdom
Animalia

Phylum
Nematoda

Class
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1.6.0 – RATIONALE AND OBJECTIVES OF THIS THESIS
The residents of PEI have a unique relationship with the local red fox population.
Since foxes have moved into the major cities on PEI, people could benefit from a better
understanding of the consequences of living in close proximity with foxes as they adapt
to the urban landscape. To accomplish this, an overarching study that encompasses all
aspects of fox biology from home-range, den site selection, distribution, diet and what
pathogens they carry are necessary – the “UPEI Urban Fox Project”. This thesis
addresses a subset of objectives of this larger project. The first (1) objective was to
determine if crowd-sourced data on red fox sightings could be used to document the
presence and other characteristics (e.g. coat colour, age, etc.) of red foxes in smaller
urban environments (Charlottetown and Stratford, PEI). Since there have been no studies
on PEI that address the parasites infecting the urban red fox population, the second (2)
objective was to conduct a weekly scat survey and establish the parasites and estimate
prevalence in Charlottetown and surrounding areas by use of non-invasive fecal analyses
(e.g. ZnSO4 centrifugal flotation and the Baermann technique). Previous studies that
surveyed red fox parasites in rural PEI were only done during the trapping/hunting season
(November – January) and were narrowly-focused (i.e. only examined a single parasite)
and/or used only the fecal flotation technique. The third (3) objective therefore was to
establish the parasites infecting the red fox in rural areas and estimate their prevalence
and intensity through parasite recovery techniques during post mortem of red fox
carcasses from different sources (hunters, trappers, road kill).
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CHAPTER 2:

DESCRIBING AN URBAN RED FOX (Vulpes vulpes) POPULATION BY USE OF
AN ONLINE CITIZEN-BASED REPORTING SYSTEM IN CHARLOTTETOWN,
PRINCE EDWARD ISLAND, CANADA

2.1.0 – ABSTRACT
Migration of red foxes (Vulpes vulpes) into urban centers around the world has
become increasingly common. The province of Prince Edward Island (PEI), Canada has a
large population of red foxes that have migrated into the capital city (and surrounding
areas) of Charlottetown in the last 30-40 years. This recent migration provides an
opportunity to study the impact that increased human encounters has on the fox ecology
and to assess potential risks of disease transfer to humans and companion animals (or
visa-versa). This study aims to determine if crowd-sourced data obtained through an
online, citizen-based data collection system would be an effective tool to use for
assessing the distribution and characteristics of red foxes. Participants (citizens) were
asked to record sightings of red foxes on a website (www.upei.ca/redfox) with multiple
variables such as date, time, fox age, coat colour, etc. Data collected were analyzed and
described through statistical and spatial analyses. During the study period (September 20,
2012 to May 31, 2014), 2670 red fox sightings were recorded on PEI with 2040 of those
sightings recorded in the Charlottetown/Stratford areas. Recorded sighting numbers
increased every year during the study period and generally increased greatly during
months in which the project was highlighted in the media. There were significantly more
black-coated fox sightings within the Charlottetown/Stratford area than there were in any
other area on PEI. The proportion of young foxes sighted was low throughout the year
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and increased during the late-spring, early-summer months coinciding with the foxes’
reproductive cycle and growth of the young. Foxes were sighted throughout the
Charlottetown/Stratford areas and were sighted in many areas of PEI. This study
illustrated that crowd-sourced data can describe the growth and some aspects of the life
history of the foxes and the potential for human contact in an urban area. This study,
however, could not document distribution of foxes in areas where sighting records are
sparse/lacking nor could this method, reporting presence-only data, estimate population
abundance.
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2.2.0 – INTRODUCTION
The red fox (Vulpes vulpes) is an opportunistic omnivore that has a range
spanning most of the northern hemisphere (Baker & Harris, 2008). This canid (Family
Canidae), has adapted to survive and thrive in both rural and urban areas around the
world. In Canada, more specifically, in the province of Prince Edward Island (PEI), the
red fox is common sight. The red fox has ventured, and successfully adapted, into the
urban areas of PEI (Charlottetown, Stratford and Summerside) in the last 30-40 years
(Lambe, 2016). Because the red foxes have successfully adapted to the urban landscapes
of Charlottetown, Stratford and Summerside, it is important to learn about the foxes’
ecology in order to better understand and cohabitate with them.
Estimating the distributions of animals is important for many reasons including
the ability to better understand the animals’ ecology, identify areas where there are high
population densities of foxes to avoid conflicts with humans or pets and also for disease
management. Many animals carry viruses, bacteria or parasites that are also able to infect
humans and cause disease (zoonotic diseases). As human communities expand into
natural areas and increase in population density, these zoonotic diseases are likely to
become more prevalent (Morse, 1993; MacKenzie, 1999). Red foxes are known carriers
of the rabies virus and the zoonotic parasite Echinococcus multilocularis (Baker &
Harris, 2008). Both of these organisms can be lethal to humans, therefore it is important
to understand the distributions of animals in addition to the diseases they carry, especially
in urban areas.
Trapping, snaring, tracking, tagging and/or collaring have traditionally estimated
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the distributions and abundance of many species. Previous red fox (V. vulpes) studies that
focused on distribution, movement and home range have used various radio and GPS
collaring techniques (Voigt and Earle, 1983; Cavallini and Lovari, 1991; Adkins and
Scott, 1998; Lavin et al., 2003; Lambe, 2016). These methods, however, can be
dangerous to domestic animals or children, challenging, expensive, invasive and illegal in
most urban areas. Radio and/or GPS collaring is invasive to the animals as they have to
be trapped and sedated before collaring in addition to having collars on them for the
chosen amount of time (Lambe, 2016). The GPS collars used are also very expensive.
The collar (depending on the collar model) may also store the data within the collar and
retrieval of the collar can be time consuming and difficult. Snaring or leg-hold trapping is
generally illegal in urban areas since there is a higher possibility for domestic animals or
children to become trapped, snared and/or injured from these devices. Tracking, while
relatively non-invasive, inexpensive and not dangerous to the researcher or animal(s) is
time consuming and can be difficult, especially around private properties. Furthermore
research funding has become more difficult to obtain and researchers are developing new
methodologies that are inexpensive, but can still provide adequate data.
One such methodology uses citizens to voluntarily collect the data – “citizenscientists”. Data that is collected by public volunteers is known as “crowd-sourced data”.
This type of data and technique has be used for a variety of study topics including bird
surveys, earthquakes, invasive species, plants, fungi, butterflies, fish, other invertebrates,
mammals and even disease surveillance (Sullivan et al., 2009; Silvertown, 2009; Bonney
et al., 2009, Hay et al., 2013). Crowd-sourced data can be collected from surveys in a
variety of methods including, paper-based questionnaire surveys and online-based
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systems. Harris and Rayner (1986) created a survey that organized (with detailed
instructions) all school children in multiple English towns (Bath, Bournemouth, Poole,
Birmingham, Dudley, Sandwell, Solihull and Walsall) to report fox sightings to estimate
the number of foxes living within urban centers. Online-based systems acquiring crowdsourced data are becoming more commonly used due to their increasing accessibility,
ease of use, large amounts of data and (generally) low cost of operation. Online-based
survey techniques however suffer from recruitment and retention issues; i.e. if
insufficient recruitment occurs, the number of data points will be lacking (Hochachka et
al., 2012). Decreasing participant retention similarly can result in decreased data
collected over time. Additionally, recruitment and retention can be influenced if the
online-based system is overly complicated (Hochachka et al., 2012). With insufficient
data crowd-sourcing can be ineffective.
An ideal model species would be required to have high public interest in order to
test the effectiveness of a citizen-based data collection system in a new area. Since red
foxes are a common occurrence on PEI, urban residents do not consider them pests or
threats (Martin, 2015). Additionally, there has been a long history of interaction with red
foxes on PEI because of the silver fox fur industry that began in 1884 (Stresman, 2006).
For this reason, as part of the UPEI Urban Fox Project, the red fox was chosen as an ideal
animal model for crowd-sourced data collection in the urban areas of Charlottetown and
Stratford. The goals of this study were to utilize online crowd-sourced data methodology,
describe data collected from this method, describe red fox characteristics (coat colour and
age) and explore the distribution (while attempting to account for human population
using civic addresses as a surrogate) of red foxes sightings on PEI.
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2.3.0 – METHODS

2.3.1 - Data Collection
To utilize online crowd-sourced data methodology, describe red fox sighting data,
describe red fox characteristics and explore the distribution of red foxes sightings on PEI,
a website was first designed by the researchers of this study and then created by the
Information Technology Department at the University of Prince Edward Island. This
website was established to log red fox (Vulpes vulpes) sightings on Prince Edward Island
(46.5o N, 63.4o W), Canada. The website, Animal Movement and Resource Selection
(AMaRS) (www.upei.ca/redfox), has five mandatory sections for the public to complete
during the submission process – date, time, number of animals, location and a spamsubmission filter. Additional descriptors and actions were included as non-mandatory
fields (Figure 2-1 & 2-2).
The date was required and recorded to determine if media appearances had a
significant effect on the number of sightings per month. The time of the sighting, again
was recorded to identify the most frequent times of the day in which red fox sightings
occurred. The third mandatory section for submission completion was to indicate how
many foxes were sighted (1 to 4+). This was done to identify, on average, how many
foxes people were sighting at a time and document if the foxes in PEI are generally
solitary or in pairs/groups. The final required section was the location of the sighting. The
locations of the foxes were collected to document the presence of the foxes in areas of
PEI, Charlottetown and Stratford. The final mandatory section was a spam submission
filter to ensure the submissions were not coming from software.
43

Secondary variables included relative age, coat colour, weather and a description
of fox activity. These variables were not mandatory for completion of the form. The
relative age (adult or juvenile /kit– qualitative variable) of the animal(s) was asked to be
recorded to assess when citizens were sighting more adult or young animals throughout
the year. Coat colour was asked to estimate the percentage of the red fox population that
is red, black or cross-coat. Furthermore, coat colour was asked to determine if there are a
higher proportion of black foxes in Charlottetown/Stratford since there were 50 fox farms
surrounding these areas in the past. Coat colour could also be used as an indicator to
identify individual foxes for citizens. Citizens were also asked to record how frequently
they have sighted that particular fox, if identification was possible. As another qualitative
variable, frequency of observation was used to describe how often particular foxes were
being sighted by the same reporter. The options for frequency of observation were “first
time”, “occasionally” (once or twice per week), “frequently” (3-6 times per week) and
“every day”. The option to include a description of the fox(es)’ activity and/or submit a
picture to the researchers was used to identify if there were any peculiar behaviours being
observed. The weather was originally asked to be reported on the form, but was later not
included in the analyses as it not deemed to be a descriptor of interest.
The online form launched September 20, 2012 and data collection for the current
study ended May 31, 2014 – reports created with a date before or after the start and finish
dates were eliminated from analysis. During this time, multiple media appearances by
various research team members occurred to promote the project and encourage public
engagement. Local newspapers advertisements, radio interview and public service
announcements, posters, brochures and television interviews were employed. Posters
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(Figure 2-3) were placed conspicuously in local businesses and brochures were
distributed to the tourist centers of Prince Edward Island. Eleven media appearances
occurred throughout the study period (Table 2-1). A UPEI Urban Fox Project Facebook
social media page was also created to promote the study with frequent posts about red
foxes in PEI, preliminary study findings and links to news articles
(https://www.facebook.com/UPEIUrbanFoxProject/).
Many people still do not have access to the internet but might like to report their
sightings. Statistics Canada (2013) reported home internet access in PEI was 72.9%
during the 2010 survey and 77.7% in 2012. In addition to the online survey, paper
sighting submission forms were also created containing the same questions, other than
the Google Map©. Citizens were made aware of the possibility for contributing without
having internet during some of the newspaper and radio appearances. Furthermore, the
public was given a phone number to call to indicate they were willing to report fox
sightings. The participant(s) address was acquired through the phone call and an envelope
containing 25 submission forms was delivered to their home. Once all 25 forms were
completed, the forms were to be placed back in the envelope and returned via post:
envelopes had the postage paid and return address written prior to delivery.
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Figure 2-1. The layout of the “report a red fox sighting” questionnaire sections of the
AMaRS (www.upei.ca/redfox) website. This form was used throughout the study period
(September 20, 2012 to May 31, 2014).
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Figure 2-2. The mapping section of the “report a red fox sighting” form on the AMaRS (www.upei.ca/redfox) website. Users were
asked to place a “marker” on the location of their red fox sighting. The map would then generate a latitude and longitude for spatial
analyses.
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Figure 2-3. The poster that was created for the rectuitment of participants to report red
fox sightings and placed in conspicuous areas of local businesses during the study period
(September 20, 2012 to May 31, 2014).
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Table 2-1. The dates and media outlets for promotion of the UPEI Urban Fox Project study. The majority of the media types used for
promotion were online news articles following a radio news segment, a television news segment or newspaper articles.

Date
October 2, 2012 (2)
March 4, 2013 (7)
May 15, 2013 (9)
June 15, 2013 (10)
October 7, 2013 (14)
October, 2013 (14)
January 19, 2014 (17)
January 30, 2014 (17)
February 14, 2014 (18)
March 19/20, 2014 (19)
April, 2014 (20)

Media Type
Radio news segment
Online news article
Online news article
Online news article
Newspaper article
Online news article
Newspaper article
Online news article
Magazine article
Newspaper article
Online news article
Online news article
Online news article
Television news segment
Online news article
Magazine article
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Company
CBC Radio
www.cbc.ca
www.cbc.ca
www.cbc.ca
The Guardian PEI
www.theguardian.pe.ca
The Guardian PEI
www.theguardian.pe.ca
UPEI Magazine
The Guardian PEI
www.theguardian.pe.ca
https://thecadreupei.com/
Holland College Journalism Student Article
CBC
www.cbc.ca
G! Magazine

2.3.2 – Analyses
Statistical Analyses
Data collected from both the online submissions and the paper-based submission
forms were analyzed for descriptive and summary statistics using Stata v.13.1
(StataCorp., 2013). Descriptive and summary statistics were used to analyze total
sightings and categorized as Charlottetown/Stratford and Prince Edward Island (PEI)
with the exclusion of Charlottetown/Stratford. The Charlottetown and Stratford areas
were chosen for additional analyses due to their large human populations, large number
of sighting records and being urban environments. Descriptive statistics included the
frequency of the different numbers of foxes per sighting, frequency of the number of
foxes per sighting with different coloured coats, relative age of the foxes (adults vs
young), the frequency of sightings and number of sightings over the study period
(months, years and days of the week).
Logistic regressions were used to test whether there were statistical differences in
the proportion of sightings with a young fox throughout the study period using Stata v.
13.1 (StataCorp., 2013). The logistic regression analyses were performed to determine if
month was a significant predictor for the proportion of sightings with a young fox. In
addition, Bonferroni adjustments on pair-wise analyses were completed to determine
which month(s) of the study period had significantly higher proportions of either young
or adult foxes. Additionally, the Hosmer-Lemeshow Goodness-of Fit chi2 test was used
for all logistic regressions to determine how well the data fit the model.
To determine if there were significant differences between Charlottetown and
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Stratford and the remainder of PEI in regards to coat colour, a Fisher’s Exact test was
conducted. The Fisher’s exact test was chosen over the Pearson’s Chi2 test due to its
ability to work both in low sample sizes/cell counts and large sample size/cell counts.
The ability to work in low cell counts was important for these analyses since the
prevalence of black and cross-coated foxes (black and tan/red colouration) was likely to
be low. To determine if media appearances significantly effected the number of sightings
the Mann-Whitney U test was used. This test was used since the data was stratified into
two groups, months with media and months without. In order for these tests to be
performed appropriately, the data were converted to presence/absence every sighting
(i.e. if there were two foxes with red coats in a single sighting, the data for that sighting
was converted to presence of a red coat and absence of black and cross coats).

Spatial Analyses
The sightings data were analyzed using a geographic information system – QGIS
v.2.16 (QGIS Development Team, 2016). Data were first imported into QGIS as a vector
(delineated text file) for all of PEI using a PEI census subdivision layer to visualize the
geopolitical boundaries, error not stated (Statistics Canada, 2012). Sighting data were
later clipped for the Charlottetown/Stratford areas. Visualization of spatial data were
done on the NAD83(CSRS98) / Prince Edward Isl. Stereographic (NAD83) (depreciated)
projection (EPSG:2291).
Using the “spatstat” package v. 1.31-0 (Braddeley & Turner, 2005) in R (R
Development Core Team, 2011), a kernel density of the sightings was done to visually
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explore the data for both PEI and Charlottetown/Stratford. The kernel density bandwidth
was selected by taking one-eighth of the minimum Y-range or minimum X-range from
the sighting data ((1/8)*min(Xrange,Yrange)). The kernel density map displayed areas of
high and low numbers of red fox sightings/km2 and is a smoothed estimate of the density
of sightings in the area.
In an attempt to describe areas with high fox sightings to civic address ratio, a
raster calculation was done to attempt to separate areas of high fox sightings from high
human population and visually compare the distributions of fox sightings to the
distribution of civic addresses in Charlottetown and Stratford. Spatial point data of civic
addresses (in this study, used as a surrogate for human population) on PEI from the
Provincial Government, Department of Finance (2005) was first imported as a vector
(shapefile). These data were then clipped to Charlottetown/Stratford and a kernel density
map of the civic addresses in Charlottetown/Stratford was created using the previously
mentioned methodology. This kernel density map, similar to the sighting kernel density
maps, smoothed density estimates of civic addresses in Charlottetown and Stratford per
km2. The kernel density maps of the red fox sightings and civic addresses in
Charlottetown/Stratford were then imported into a raster calculator to create a new kernel
density map of number of red fox sightings per civic address. Finally, the kernel density
map of sightings per civic address was then layered with locations of known red fox dens
(Lambe, 2016) to visually explore if the areas of high sightings per civic address are in
areas with den sites.

52

2.4.0 – RESULTS
During this study, a total of 2670 red fox (Vulpes vulpes) sightings were reported
by the citizens of PEI (Table 2-2; Figure 2-4). Of these sightings, 2369 indicated both the
actual number of individual foxes sighted (observed) and their relative age (Tables 2-2 &
2-3), 1587 had a record of the fox coat colour (Tables 2-2 & 2-4) and 2364 had a record
of the sighting frequency (Table 2-2; Figure 2-5: D). The number of recorded sightings
increased every year during the study period and was highly variable from month-tomonth (Figure 2-5: A, B). The months with media appearances generally coincided with
larger numbers of recorded sightings (Figure 2-5: B). The majority of the sightings,
69.5% (95%CI = 67.7-71.2%), were reported during months with a media appearance.
There were 9 months with media appearances out of 21 (42.9%); months with media
appearances had higher sightings than without (Mann-Whitney U test, p < 0.001). The
density of sightings from all of PEI (including Charlottetown, after smoothing the points
over the large surface area of PEI) ranged from 0.006 to 3.21 sightings/km2 (Figure 2-4:
B). Conversely, the density of sightings in Charlottetown/Stratford, over a much smaller
surface area was 1.54 – 114 sightings/km2 (Figure 2-6: B). When the known den sites
from Lambe (2016) were layered over the kernel density map of sightings per civic
address, the areas of high density appear to be in close proximity to red fox dens (Figure
2-7).
Within the Charlottetown and Stratford census subdivisions, there were 2040recorded sightings, representing 76.4% of all recorded sightings on PEI (Table 2-2;
Figure 2-6: A, B). Of the sightings recorded for Charlottetown and Stratford, 1821 had a
record of the relative age of the animal(s) and number of foxes sighted (Table 2-2 & 2-3),
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1170 had a record of the coat colour (Tables 2-2 & 2-4) and 1806 had a record of the
frequency of the sighting (Table 2-2; Figure 2-8). There were 640 sightings from all areas
of PEI excluding Charlottetown and Stratford (23.97% of total) (Table 2-5). Temporal
trends for these areas mimicked those for Charlottetown/Stratford (Figure 2-8: A-C).
Participants were generally sighting foxes between 07:00 and 08:00, and then again
between 17:00 and 21:00 with the most being around 19:00 for both PEI and
Charlottetown/Stratford (Figure 2-9). Furthermore, there were 112 recorded sightings
with the time set as “all day”. The remainder of PEI (excluding Charlottetown/Stratford),
however, reported “frequent” sighting frequencies less than Charlottetown/Stratford.
Additionally, the weekday with the highest number of sightings in
Charlottetown/Stratford was Monday; whereas the rest of PEI recorded the most on
Wednesday.
The number of foxes recorded per sighting ranged from 1 to 11 in all of PEI and
from 1 to 9 within the Charlottetown and Stratford areas (Table 2-3). The number of adult
foxes reported per sighting ranged from 0 to 5 for both all of PEI and
Charlottetown/Stratford (Table 2-3). The number of young foxes recorded per sighting
ranged from 0 to 10 and in the Charlottetown and Stratford areas, it ranged from 0 to 7
(Table 2-3). In all of PEI, the proportion of sightings with young recorded was
significantly higher in June, 2013 than October, 2012 to January, 2013; March, 2013;
April, 2013; and October, 2013 to April, 2014 (Logistic Regression, Bonferroni adjusted
p < 0.05) (Figure 2-10: A). Sightings with young recorded in March, 2013 were also
significantly lower than September, 2012; May, 2013 to August, 2013; and May, 2014
(Logistic Regression, Bonferroni pair-wise comparison p < 0.05) (Figure 2-9: A). In
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Charlottetown and Stratford, the proportion of sightings with a young fox was
significantly higher in June, 2013 than in January, 2013; March, 2013; and from
December, 2013 to March, 2014. May, 2014 had significantly more sightings with young
recorded than in March, 2014 (Logistic Regression, Bonferroni adjusted, p < 0.05)
(Figure 2-10: B).
There were significantly more sightings of black-coated foxes in Charlottetown
and Stratford than the rest of PEI (Fisher’s Exact test, p < 0.05). There were no
significant differences between Charlottetown/Stratford and the rest of PEI for either
cross-coated or red coated foxes (Fisher’s Exact test, p > 0.05).
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A)

B)

Figure 2-4. A) The sightings of red foxes on Prince Edward Island (PEI): each sighting
represented by a point on the map. B) The kernel density of the red fox sightings on PEI.

56

Table 2-2. Frequencies and percentages of the various characteristics of recorded red fox sightings for both all of PEI (including
Charlottetown and Stratford), and Charlottetown and Stratford-only during the study period (September 20, 2012 to May 31, 2014).

Area
All of PEI

Total Number of Sightings
2670

Charlottetown/Stratford

2040
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Variable
Number of Sightings with Variable Percentage of Total Sightings
Number of foxes
2369
88.72
Relative age
2369
88.72
Sighting frequency
2364
88.54
Coat colour
1587
59.43
Number of foxes
1821
89.26
Relative age
1821
89.26
Sighting frequency
1806
88.53
Coat colour
1170
57.35

A)

B)

C)

D)

Figure 2-5. A) Number of red fox sightings per year over the study period for all of PEI. B) Number of red fox sightings per month
over the study period. Asterisks (*) indicate months with media appearances for all of PEI. C) Number of red fox sightings per day of
the week for all of PEI. D) Number of red fox sightings with frequency of sighting of a particular fox or group of foxes for all of PEI.
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Table 2-3. The frequency (and 95% confidence interval) of the number(s) of foxes recorded per sighting in addition to the frequency
of the number of adults and young recorded per sighting in PEI.

Number of foxes per sighting

Number of adults per sighting

Number of young per sighting

Total

Charlottetown/Stratford

Total

Charlottetown/Stratford

Total

Charlottetown/Stratford

n = 2369

n = 1821

n = 2368

n = 1821

n = 2368

n = 1821

Percent

95% CI

Percent

95% CI

Percent

95% CI

Percent

95% CI

Percent

95% CI

Percent

95% CI

0

N/A

N/A

N/A

N/A

9.07

8.0 -10.3

7.84

6.6 - 9.06

86.5

85.1 - 87.8

88.4

86.8 - 89.7

1

81.5

79.9 - 83.1

81.2

79.3 - 82.9

77.5

75.8 - 79.2

77.9

76.0 - 79.8

8.87

7.79 - 10.1

7.47

6.35 - 8.77

2

13.4

12.1 - 14.8

14.2

12.6- 15.4

11.5

10.3 - 12.8

12.2

10.8 - 13.8

2.53

2.0 - 3.25

2.42

1.80 - 3.23

3

3.0

2.4 - 3.8

2.80

2.13 - 3.67

1.73

1.28 - 2.34

1.87

1.34 - 2.60

0.89

0.58 - 1.36

0.82

0.50 - 1.63

4

0.8

0.51 - 1.2

0.71

0.41 - 1.23

0.13

0.04 - 0.39

0.16

0.05 - 0.51

0.51

0.29 - 0.89

0.33

0.15 - 0.73

5

0.51

0.29 - 0.9

0.49

0.26 - 0.95

0.04

0.006 - 0.3

0.05

0.008 - 0.39

0.34

0.17 - 0.67

0.33

0.15 - 0.73

6

0.25

0.11 - 0.56

0.22

0.08 - 0.58

-

-

-

-

0.17

0.06 - 0.45

0.16

0.05 - 0.51

7

0.17

0.06 - 0.45

0.16

0.05 - 0.51

-

-

-

-

0.13

0.04 - 0.39

0.11

0.03 - 0.44

8

0.21

0.09 - 0.51

0.22

0.08 - 0.58

-

-

-

-

-

-

-

-

9

0.08

0.02 - 0.34

0.05

0.008 - 0.39

-

-

-

-

-

-

-

-

10

-

-

-

-

-

-

-

-

0.04

0.006 - 0.3

-

-

11

0.004

0.006 - 0.03

-

-

-

-

-

-

-

-

-

-
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Table 2-4. The frequency of red-coat, black-coat and cross-coat foxes recorded per sighting for all sightings and
Charlottetown/Stratford with coat colour records.

Number of red-coat per sighting

Number of black-coat per sighting

Number of cross-coat per sighting

Total

Charlottetown/Stratford

Total

Charlottetown/Stratford

Total

Charlottetown/Stratford

n = 1587

n = 1170

n = 1587

n = 1170

n = 1587

n = 1170

Percent

95% CI

Percent

95% CI

Percent

95% CI

Percent

95% CI

Percent

95% CI

Percent

95% CI

0

22.2

20.3 - 24.4

22.6

20.3 - 25.0

86.4

84.6 - 88.0

84.2

82.0 - 86.2

82.7

80.7 - 84.5

83.2

81.0 - 85.1

1

65.2

62.8 - 67.5

64.3

61.5 - 67.0

12.6

11.1 - 14.3

14.8

12.9 - 16.9

15.4

13.7 - 17.2

15

13.1 - 17.2

2

9.39

8.05 - 10.9

9.82

8.25 - 11.7

0.5

0.25 - 1.0

0.6

0.28 - 1.25

1.63

11.2 - 2.40

1.45

0.90 - 2.33

3

2.46

1.8 - 3.35

2.65

1.86 - 3.74

0.06

0.009 - 0.45

0.08

0.01 - 0.61

0.06

0.009 - 0.45

-

-

4

0.32

0.13 - 0.76

0.26

0.08 - 0.79

0.25

0.09 - 0.67

0.17

0.04 - 0.68

0.13

0.03 - 0.50

0.08

0.01 - 0.61

5

-

-

-

-

-

-

-

-

0.06

0.009 - 0.45

0.08

0.01 - 0.61

6

0.19

0.06 -

0.62

0.08 - 0.79

-

-

-

-

-

-

-

-

7

0.13

0.03 - 0.5

0.08

0.01 - 0.61

0.13

0.03 - 0.5

0.17

0.04 - 0.68

0.06

0.009 - 0.45

0.08

0.01 - 0.61

8

0.13

0.03 - 0.5

0.08

0.01 - 0.61

-

-

-

-

-

-

-

-

9

-

-

-

-

-

-

-

-

-

-

-

-

10

-

-

-

-

0.06

0.009 - 0.45

-

-

-

-

-

-
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A)

B)

C)

D)

Figure 2-6. A) Red fox sightings in Charlottetown and Stratford, PEI: each point represents one sighting. B) The kernel density of red
fox sightings (sightings/km2) in Charlottetown and Stratford. C) The kernel density of civic addresses in Charlottetown and Stratford
(address/km2). D) The kernel density of sightings per civic address.
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Figure 2-7. Red fox den locations (Lambe, 2016) layered over the kernel density of red fox sightings per civic address in
Charlottetown and Stratford, PEI.
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A)

B)

C)

D)

Figure 2-8. A) Number of sightings per year over the study period for Charlottetown only (Town/T) and the rest of PEI (PEI/P). B)
Number of sightings per month over the study period. C) Number of sightings per day of the week. D) Number of sightings with
frequency of sighting of a particular fox or group of foxes.
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A)

B)

Figure 2-9. A) The frequency of red fox sightings per hour of the day for all of PEI. B)
Frequency of red fox sightings per hour of the day in Charlottetown and Stratford.
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Table 2-5. The frequency of the number(s) (and 95% confidence interval) of foxes, adults, young, red-coat, black-coat and cross-coat
foxes recorded per sighting for all sightings outside the Charlottetown/Stratford areas.

No. of foxes

No. of adults

No. of young

No. of red coat

No. of black coat

No. of cross coat

n = 548

n = 548

n = 547

n = 417

n = 417

n = 417

Percent

95% CI

Percent

95% CI

Percent

95% CI

Percent

95% CI

Percent

95% CI

Percent

95% CI

0

-

-

13.5

10.9 - 16.6

80.4

76.9 - 83.6

21.3

17.7 - 25.6

92.6

89.6 - 94.7

81.0

77.0 - 84.5

1

82.8

79.45

76.3

72.5 - 79.7

13.5

10.9 - 16.7

67.6

63.0 - 72.0

6.47

4.47 - 9.29

16.3

13.0 - 20.2

2

10.8

8.43 - 13.7

8.94

6.82 - 11.6

2.92

1.80 - 4.73

8.15

5.87 - 11.2

0.24

0.03 - 1.69

2.16

1.12 - 4.10

3

3.65

2.36 - 5.60

1.28

0.61 - 2.66

1.10

0.49 - 2.42

1.91

0.96 - 3.80

-

-

0.24

0.03 - 1.69

4

10.9

0.49 - 2.42

-

-

1.10

0.49 - 2.42

0.48

0.12 - 1.91

0.48

0.12 - 1.91

0.24

0.03 - 1.69

5

0.55

0.18 - 1.69

-

-

0.37

0.09 - 1.46

-

-

-

-

-

-

6

0.36

0.09 - 1.45

-

-

0.18

0.03 - 1.29

-

-

-

-

-

-

7

0.18

0.02 - 1.29

-

-

0.18

0.03 - 1.29

0.24

0.03 - 1.69

-

-

-

-

8

0.18

0.02 - 1.29

-

-

-

-

0.24

0.03 - 1.69

-

-

-

-

9

0.18

0.02 - 1.29

-

-

-

-

-

-

-

-

-

-

10

-

-

-

-

0.18

0.03 - 1.29

-

-

0.24

0.03 - 1.69

-

-

11

0.18

0.02 - 1.29

-

-

-

-

-

-

-

-

-

-
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A)

B)

Figure 2-10. A) Logistic regression analysis of the young red fox sightings in all of PEI
throughout the study period. B) Logistic regression analysis of the young red fox
sightings in Charlottetown & Stratford throughout the study period.
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2.5.0 - DISCUSSION
This study utilized an online-based crowd-sourced data methodology and found it
to be effective for studying aspects of the ecology of the urban red fox population on
Prince Edward Island (PEI). The majority (76.9%) of all sightings recorded in this study
were of foxes occurring in Charlottetown and Stratford. Red fox sightings in
Charlottetown and Stratford were mainly reported in the south-western part of
Charlottetown near the waterfront (Figure 2-5: A, B). This suggests that foxes are
frequently observed in these areas. However, the density of civic addresses was also
higher in the south-western part of Charlottetown (Figure 2-5: C). The combination of
high red fox sighting density and high civic address density in the same locations could
indicate possible limitations of this method. These incluse the possibility of multiple
sightings of the same fox and the number of sightings is directly related to human
population. When the potential confounding influence of many individuals reporting the
same fox(s) is diminished by creating a density of sightings per civic address, the higher
density areas shifted north. This could mean there is a higher population density of foxes
in that area. This postulation is possible since many of the red fox den site locations
(Lambe, 2016) are very close to the high density areas of sighting/civic address (Figure
2-7). Conversely, the high density of sighings per civic address could be due to observers
frequently reporting fox sightings in an area of low civic addresses per square kilometer.
This study indicated that the red fox can be observed in almost all areas and
habitats encompassed within Charlottetown and Stratford (Figure 2-5: A). This provides
evidence that foxes are likely using most of these habitats within their regular activities or
home ranges. Sightings of red foxes have been reported sporadically in other areas of the
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province suggesting that this species is found across the entire province (Figure 2-3). The
time of sighting also was consistant with the previously known activity patterns of red
foxes. Red foxes were sighted at all times of the day but were peaked around 08:00 and
again around 19:00, with the majority of sightings being close to 19:00. This is consistant
with the previous knowledge of red foxes generally having nocturnal and crepuscular
activity patterns (i.e. most active during sunrise and sunset) (Baker & Harris, 2008;
Naughton, 2012).
The number of sightings increased yearly throughout the study period (Figures 28: A, B). The increase in sightings per year was likely due to the project gaining more
public exposure and interest, leading to the increased number of reports. The increase in
number of sightings per year also indicated the recruitment and retention numbers of
citizens participating in the study was greater than the number of participants (citizens)
lost over the course of the study. Other possibilities for the increase in sightings over the
three years could also include, simply, an increase in fox population and the possibility
for citizens to report more during one year than another. Additionally, it was generally
observed that the number of sightings increased (sometimes dramatically) during months
in which a media appearance occurred (Figure 2-5: B). This was expected since public
awareness of the project was critical for acquiring data and allows for public engagement
(Tweddle et al., 2012). The rise in the number of sightings with a media appearance
indicates a high level of participant recruitment. However, the months following a media
appearance generally show a reduced number of sightings, it indicating low participant
retention (Figure 2-5: B).
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Visually, the trends seen were very similar between all red fox sightings, sightings
in Charlottetown and Stratford, and in all areas of PEI (excluding
Charlottetown/Stratford) (Figures 2-4 & 2-6). The similarity of descriptors between all
sightings and those from Charlottetown and Stratford was likely due to the sightings in
the urban areas accounting for 76.9% of all sightings. Data between Charlottetown and
Stratford and the rest of PEI (excluding Charlottetown and Stratford) differed sometimes
in the frequency of sightings per day of the week or frequency of sightings in certain
months (Figure 2-8: B, C). In addition, the red fox coat colours were very similar
between these two areas, with the red colour being the most prevalent, followed by cross
and then black (Tables 2-4 & 2-5). The large amount of sightings with cross-coated foxes
could be attributed to the classification being vague for the reporter and perhaps a
definition or example of each coat-colour should be added to the form for clarification. It
was shown, however, that the black coat colour prevalence was significantly different
between the Charlottetown/Stratford and the rest of PEI. The higher prevalence of blackcoat foxes in the Charlottetown/Stratford areas was likely associated with the fact that 53
silver (black) fox farms were found surrounding Charlottetown at the beginning of the
20th century (Bourrie, 2012). During operation of these farms, it could be speculated that
some of the livestock was able to escape or were released from the farms, increasing the
number of black foxes in those areas where they could be free from persecution of
hunters and trappers.
The majority of the sightings were recorded to be the “first time” and
“frequently”. This was expected since distinguishing between foxes could be difficult,
unless the fox(s) have distinguishing markings or another feature in which to identify
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them (e.g. a scar, torn ear or limp). Because of the potential difficulty in identifying
individual foxes, it was possible that participants could mistake the same fox as different
one, leading to a “first time” report. Another scenario that could increase the number of
“first time” reports would be when the participant was visiting a new area and were now
reporting a “first time” sighting of a fox. Additionally, if there was a new litter of kits, it
would be reported as a “first time” sighting of the young of the year. The large amount of
sightings with foxes that were seen “frequently” was also expected since foxes are likely
to stay within their home-range, which in Charlottetown could range from 41.8 ha and
268.4 ha, with core areas between 7.3 ha and 50.1 ha (Lambe, 2016) so participants are
likely to see the same fox(s) repeatedly. Although both of these results were expected,
clarification of the variable in the form may be needed. Clarification for the reporter
could be gained by limiting the number of options given (for example, eliminate
“occasionally”). By limiting the options given, the descrepency between categories can
be reduced slightly (i.e. the difference between “occasionally” and “frequently” may be
too vague).
Sightings with records of the young of the year were generally found to have
higher proportions during the spring and summer months in Charlottetown and Stratford
and is consistant with the life history of the red fox (Figure 2-8). Red foxes mate in
December and give birth 49-58 days later (Baker & Harris, 2008). After three to four
months of age, the kits begin to exit the den. Kits will reach adult size between six and
seven months of age (Baker & Harris, 2008). A possible reason that the remainder of the
summer months (July, August and September of 2013) were not significant was due to
the large uncertainty as there were fewer sightings during those three months in
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comparison to the other months during the study period. It is also possible the
differentiation between a young fox and an adult fox becomes difficult for citizens
reporting sightings as the foxes increase in age and size.

2.6.0 – RECOMMENDATIONS
Future studies incorporating online citizen-based reporting system should devote
sufficient time to engaging local media as a means to encourage the public to participate
through the online reporting system. This should increase both the recruitment and
retention of participants. Public appearances, such as presentations at nature centres or at
schools, in targeted areas (especially in areas of low sighting numbers), could also be
done to recruit participants in those areas and obtain data in places other than the major
urban centers. Although the internet is now used by the majority of people, there are still
people who do not have access to home internet. In an attempt to further facilitate
recruitment and reporting for these people, in addition to the method used in this study
(paper submission reports), a designated phone reporting system could be set up where
participants call in and leave a message to report a sighting. To ensure regular reporting
by the public, the issue of retention must be addressed. Retention of participants could be
enhanced by abbreviating the sighting submission form, making reporting more
appealing to each participant (e.g. incentive prizes that are awarded by reporting your
first sighting which enters your name in a draw for a prize and every additional sighting
gives one more ballot for the draw prize that are awarded monthly or bi-monthly) or
making it easier/convenient for the participants to report (e.g. a smartphone application).
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In order to reduce the impact that individual participants have on the data (i.e. one
person reporting the same fox repeatedly), participants could create an account with a
unique identifier number (ID number) before reporting the first time and then are
required to login for subsequent reports. This would eliminate some of the possibility for
the same person reporting the same fox repeatedly by matching the ID with the
“frequency of sighting”. By creating additional steps however, it is possible that the
recruitment and retention numbers will become reduced from the added inconvenience.

2.7.0 – CONCLUSION
The goals of this study were to utilize online crowd-sourced data methodology,
describe data collected from this method and explore the distribution of red foxes
sightings on PEI. The importance of local media appearances was shown to be critical for
data collection through engaging the public in reporting fox sightings. This study has
shown that an online citizen-based reporting system can give good descriptions of some
of the characteristics and behaviors of red foxes and document the presence of the foxes
living in Charlottetown and Stratford. However, the majority of the data (76.9%) came
from the Charlottetown and Stratford areas, indicating this methodology is likely
effective only in those two areas. Additionally, it has shown that urban foxes have been
sighted in almost all areas of Charlottetown and Stratford. Since red foxes have been
sighted in all almost every area of Charlottetown and Stratford, the potential for contact
with humans and domestic animals may increase. Similarly, presence of foxes in dense
urban areas increases the probability of disease transfer between foxes and humans and
their associated domestic animals (dogs and, to a lesser extent, cats).
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CHAPTER 3:

A PARASITE FECAL SURVEY OF URBAN RED FOXES (Vulpes vulpes) IN
CHARLOTTETOWN, PRINCE EDWARD ISLAND, CANADA

3.1.0 – ABSTRACT

Red foxes (Vulpes vulpes) have become a common sight within Charlottetown,
Prince Edward Island, Canada. With the spread of wildlife into urban areas, it is of the
utmost importance to learn about the ecology, feeding habits, reproduction and potential
for disease spread from the red foxes and to educate the residents of the city on how best
to cohabitate with them. The objectives of this study included; (1) describing the parasitic
fauna infecting the red foxes in Charlottetown through fecal analyses; (2) determine if
there were seasonal trends in prevalence in the different parasites and (3) determine if
there were spatial and/or temporal clusters in parasite prevalence. Red fox scat samples
were collected in Charlottetown and Stratford near known red fox den sites. A total of
263 red fox (V. vulpes) fecal samples were collected from July 2, 2013 to August 20,
2014. A qualitative assessment of the freshness of collected scat was also conducted. Scat
samples were then subjected to zinc sulphate centrifugal flotation and a modified
Baermann technique. A total of 21 parasites were detected - thirteen red fox parasites,
two potentially spurious and six spurious parasites were found with individual parasite
prevalence ranging from 0.3% to 47.5%. Freshness of the scat and time of year had
significant effects on the number and/or prevalence of some parasites (p < 0.05). Both
significant spatial and spatial-temporal correlations were found for both parasites and
spurious parasites (p <0.05).
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3.2.0 – INTRODUCTION
The International Union for Conservation of Nature (IUCN) describes the red fox
(Vulpes vulpes) as the widest distributed member of the Order Carnivora (Hoffmann &
Sillero-Zubiri, 2016). Its range spans the entire northern hemisphere and is capable of
inhabiting both natural and human-modified (urban/rural) areas, including farmlands,
woodlands, tundra, and cities. The ability of the red fox to adapt and alter its behaviour to
new environments and situations (e.g., traffic avoidance) allows foxes to successfully
inhabit urban landscapes (Baker et al., 2007; Baker & Harris, 2008). The red fox is also
an opportunistic omnivore that easily adapts to novel food items encountered within the
urban setting. In Zurich, Switzerland red foxes were shown to have over 50% of their
stomach content being anthropogenic food (Contesse et al., 2004). In contrast, in
Charlottetown (Prince Edward Island (PEI), Canada), there was very little anthropogenic
food but very high amounts of birdseed in the foxes’ stomachs (Bullerwell, 2014). Red
fox behaviour is generally cryptic, making them difficult to study, as they usually do not
interact with humans (Arnold et al., 2011). However, the red foxes in the province of PEI,
especially in the city of Charlottetown, interact with humans frequently, are enjoyed by
the residents and are seen regularly (Martin, 2015).
Pathogen spillover is defined as “the driving of disease dynamics in one host
population by contact with pathogen propagules (regardless of transmission mode) from
another host population as a result of high of high pathogen abundance in this reservoir
population” (Power & Mitchell, 2004). These spillover events are likely to become more
common as humans expand into new areas and increase in population density, therefore
promoting the emergence of infectious diseases (Morse, 1993; MacKenzie, 1999; Jones
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et al., 2013). Once a human is infected with an animal pathogen that has spilled over
from an animal, a zoonosis has occurred. For example, Echinococcus multilocularis, is a
parasitic tapeworm of wild and domestic canids. Canids acquire the infection by
consuming the immature metacestode stage (hydatid) contained in the tissues of
intermediate hosts such as ruminants, pigs or rodents. Humans, facultative intermediate
hosts, become infected by ingesting embryonated eggs of Echinococcus multilocularis
through poor hygiene (hand washing) and the touching of pets that have rolled in
contaminated feces from infected animals. The embryonated eggs will grow into hydatid
cysts causing human alveolar hydatidosis (Bowman, 2014a). Sometimes these cysts can
lead to death by growing on vital body parts such as lungs, spleen, heart, brain or liver
(CDC, 2012). Since parasitic zoonosis can become deadly, it is important to conduct
surveys to determine the extent of reservoir or definitive hosts. This point is illustrated by
the discovery that as the red fox population in Switzerland increased, the number of
people contracting alveolar echinoccosis also increased 10-15 years later (Schweiger et
al. 2007). Parasitic surveys provide important information on the pathogens the host(s) is
carrying: such as parasite prevalence, intensity and zoonotic threats.
Parasitic surveys also allow us to learn more about the host’s biology and
ecology. Furthermore, depending on their life cycle, parasites can provide information
regarding their hosts’ prey items. For example, the canid intestinal cestode, Taenia
pisiformis has a lagomorph intermediate host. Thus, if an animal is shown to have that
particular parasite, we can assume it has eaten a rabbit or hare (Abuladze, 1964).
Spurious (false) parasites also provide information as to what the animal has recently
consumed. Since spurious parasites simply pass through the digestive tract of the animal,
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they give us an indicator of what the animal has consumed within the last two days
(Childs-Sanford & Angel, 2006). For example, Monocystis sp. is a protozoan parasite that
infects earthworms, it is unable to infect canids, however it may be found during fecal
examination, indicating the canid has recently eaten an earthworm.
On PEI there have been several, narrowly focused, parasitic surveys on the
organisms infecting the red fox (Swales, 1933; Appleyard et al., 1998; Nevarez et al.,
2005; Wapenaar et al., 2006; Wapenaar et al., 2007; Clancey et al., 2010; Wapenaar et
al., 2013; Stavert, 2015; Lopez et al., 2016). These studies, by their design, either focused
on one-to-two parasites or were conducted during a single point of time (one trapping
season). Parasites found and discussed in these studies included Babesia (Theileria)
annae, Neospora caninum, Sarcocystis sp., Alaria alata, Alaria americana, Alaria sp.,
Cryptocotyle lingua, Mesocestoides sp., Taeniid eggs, Trichinella spiralis, Capillaria sp.,
Crenosoma vulpis, Eucoleus aerophilus, Eucoleus boehmi, Toxocara canis and
Uncinaria stenocephala. In the study conducted by Wapenaar et al. (2013), it was
reported that 89% of red foxes surveyed had at least one parasite infecting it. Within
Canada, red foxes have been recorded to carry the parasites listed above in addition to
others, (Table 1-1). Similarly, within the United States of America (USA) red foxes have
been reported to carry a parasitic fauna similar to that found in Canada (Table 1-2).
Within the northeastern parts of North America, previous reports show red fox
respiratory parasite prevalence between 21% - 78.4% (Goble & Cook, 1942; Smith,
1978; Navarez et al., 2005) and intestinal parasite prevalence between 0.4% - 70.5%
(Smith, 1978; Wapenaar et al., 2013).
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In the last 30-40 years, the red fox has become resident and successfully adapted
to the urban landscape of Charlottetown (Lambe, 2016). However, there have been no
parasitic surveys completed on red fox populations within urban areas of PEI, including
Charlottetown. It is important to conduct a parasitic survey to better understand the foxes,
if they could be a source of infection for companion animals (dogs and cats) and if the
foxes carry zoonotic parasites. Additionally, this type of study could provide an estimate
of the prevalence of the parasites within the urban red foxes, temporal variation in
parasite prevalence and potential factors influencing the prevalence of parasites found.
The goals of this study were to (1) describe the red fox endoparasites in Charlottetown
and surrounding areas; (2) assess the prevalence of each of the endoparasites; (3)
determine endoparasite spatial and temporal trends; (4) determine if the freshness of the
fecal sample has an effect on total number of parasites present or parasite prevalence and
(5) examine the agreement (proportions correctly identified by the two tests) between
zinc sulphate centrifugal flotation and the Baermann test for detecting nematode larvae.
An additional goal was to determine if there was a statistical association between the two
capillarid parasites Eucoleus aerophilus/Eucoleus boehmi and the earthworm parasite,
Monocystis sp. This association was an additional goal because there has been
controversy over whether the intermediate host of these is, in fact, an earthworm
(Anderson, 2000a; Borokova, 1949; Campbell, 1991; Muchmore, 1998).
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3.3.0 – METHODS
3.3.1 - Data Collection
Weekly fecal collections were completed at red fox den locations in
Charlottetown and Stratford, PEI. Red fox dens were previously identified and confirmed
as red fox dens during a concurrent study (Lambe, 2016). The collection period began
July 2, 2013 and ended on August 20, 2014. Samples were, however, collected
opportunistically since the availability of feces was sporadic and not consistent at all den
locations in Charlottetown. Since there are three species of canid on Prince Edward
Island: coyote (Canis latrans), red fox (Vulpes vulpes) and the domestic dog (Canis
familiaris), we identified samples based on size, composition, colour and location.
Although similar in composition to that of the red fox (average maximum diameter: 14 ±
0.2 millimeters; average dried mass: 4.5 ± 2.8), the scat of coyotes is larger (average
maximum diameter: 22 ± 0.3 millimeters; average dried mass: 16.1 ± 10.5 grams) (Green
& Flinders, 1981). Red fox scat samples could also be distinguished from domestic dog
scat by finding contents such as hair/feathers and bones from prey items, seeds and other
plant materials within the scat: domestic dog scat is generally uniform in composition
from commercial kibble and other anthropogenic processed foods (Green & Flinders,
1981; Dell’Arte et al., 2007).
At the time of collection, the date, latitude, longitude, and estimation of freshness
were recorded. The GPS (global positioning system) coordinates (latitude/longitude in
decimal degrees) were recorded with a Garmin eTrex® Vista Handheld GPS unit
(accuracy of 3 m with differential global positioning correction; Garmin International
Inc., 2015). A qualitative approach was used to estimate the freshness of the collected
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scats. Freshness was estimated because parasite eggs, larvae and cysts can become
unrecognizable due to the effects of desiccation or freezing of the sample (Zajac &
Conboy, 2012a). Frozen samples located on the surface of the snow were likely recent
deposits since the older samples would be hidden under snow, depending on recent snow
fall and drifting activity. Scat samples that were visible and/or not covered by snow were
collected. Depending on the weather, these samples could be a few hours old, while
others may be days or weeks old. Scat samples were put into four categories (fresh,
medium, old and frozen) based on subjective visual assessment of moisture content and
stool softness. Although some parasites would be damaged, freezing would also preserve
those parasites not destroyed. Each sample was collected with nitrile gloves, placed and
sealed in a Ziploc® one-litre bag and then finally into a screw-top container (Starplex®
Histoplex™ Histology O-Ring Container - 90mL, nonsterile) to preserve freshness. The
containers were then labeled with the sample number, date and location.
Each fecal sample was subjected to two different fecal examination methods.
First, a zinc sulphate (ZnSO4) (specific gravity: 1.18) centrifugal fecal flotation was used
to detect eggs, oocysts and if possible larvae of parasites within fecal samples (see
Appendix–A1) for standard operating procedure) (Zajac & Conboy, 2012a). The ZnSO4
centrifugal flotation test was conducted because of the wide range of the parasites
(protozoan cysts, nematode eggs, cestode eggs and some trematode eggs) detectable
(Bowman, 2014b; Zajac and Conboy, 2012d). Although the ZnSO4 centrifugal flotation is
not the method of choice for detecting first-stage nematode larvae, it has greater detection
power than other flotation media (sugar and other salts). Briefly, two grams of feces
were mixed with approximately 15 mL of distilled water in a small disposable cup. The
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solution was then passed through two layers of cheesecloth into a new disposable cup to
filter out the large particles – hair, plant material, etc. The filtered solution was then
poured into a 15 mL screw-cap test tube and centrifuged at 600 g for 10 minutes in a
benchtop centrifuge (Thermoscientific Heraeus Megafuge 40 Centrifuge). The
supernatant was then poured off and approximately 7.5 mL of ZnSO4 was poured back
into the test tube. The pellet was then re-suspended with a 6-inch long round wooden
applicator stick and 7.5 mL of ZnSO4 was added to fill the remainder of the tube. After
adding ZnSO4 and re-suspending the pellet, the tubes were centrifuged at 600 g for 10
minutes. The test tube was then removed from the centrifuge and placed on a test tube
rack where more (approx. 1 – 2 mL) ZnSO4 was added to the tube to form a positive
meniscus. A new 20 x 20 mm microscope cover slip was then placed on top of the test
tube – over the meniscus and allowed to sit for a minimum of 20 minutes to allow
flotation. The cover slip was removed and placed directly on a new microscope slide and
examined under a compound light microscope by scanning at 100X and confirming
identifications at 400X. All eggs, cysts and larvae, including spurious parasites identified
were recorded based on size and morphology following Zajac & Conboy (2012b)
(Appendix-B1, B2, B3). Zinc sulphate flotation media (Sp. Gr. 1.18) was chosen over the
other options (sodium nitrate, sodium chloride, magnesium sulphate and Sheather’s sugar
solution) because of the ability to detect the protozoan cysts of Giardia sp. and lungworm
larvae (Zajac & Conboy, 2012a). Giardia sp. can cause acute, chronic or intermittent
diarrhea in humans, dogs and cats (Zajac and Conboy, 2012c).
The second fecal examination used in this study was a modified Baermann exam
(see Appendix–A2) for standard operating procedure) which is the method of choice to
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recover first-stage nematode larvae (Zajac & Conboy, 2012a). Briefly, approximately two
grams of feces was suspended with two layers of cheesecloth overnight in a 50 mL
screw-top test tube filled with warm water. The live larvae would move out of the feces
into the water and sink to the bottom. The next day the feces was removed and the
solution was centrifuged at 700 g for 10 minutes. The tubes were removed and the
supernatant was poured off. The pellet was then resuspended by vortexing (Gilson
GVLab) with the remaining water. One drop of the solution was then pipetted onto a
microscope slide, a cover slip placed over the liquid and examined under a compound
light microscope until all of the sample solution was used. Similar to the first method,
scanning at 100X and confirming identification at 400X. If larvae were present, one drop
of iodine was placed beside the edge of the cover slip on the slide and allowed to disperse
through the solution under the cover slip – killing and staining all larvae present on the
slide. Identification of larvae was based on size and morphology using Zajac & Conboy
(2012b) (see Appendix-B1) for parasite morphology photographs). This methodology
was chosen over the traditional Baermann examination (see Appendix–A5 for standard
operating procedure) because using new-50 mL test tubes instead of reusable funnels
reduces the chances of cross-contamination while maintaining efficacy of larval detection
(Gary Conboy, personal communication).
Since there was a high prevalence of the earthworm parasite, Monocystis sp., a
small side experiment was conducted to determine whether the earthworms were being
eaten by the foxes or penetrating/traversing over the sample and defecating within or on
the sample and depositing Monocystis sp. in/on the sample. To do this, four domestic dog
samples collected from a clinically normal (i.e. showing no signs of disease), privately
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owned dog were first confirmed as negative for Monocystis sp. by use of the ZnSO4
centrifugal flotation method. After confirmation of the samples being negative, the
samples were then placed in a wire cage (to prevent coprophagia) and placed in various
locations on the ground in a field. The samples were then tested using the ZnSO4
technique again for Monocystis sp. on day 1, 7, 14, 21 and 28 by sub-sampling all of the
original samples.

3.3.2 - Analyses
Data collected were first analyzed for parasite prevalence, which is the percentage
of animals infected with a given parasite within the sample population (i.e. population at
risk) in a defined time period (e.g., yearly). Prevalence was calculated for each test and
both parasites and spurious parasites found within the fecal samples. Additionally,
summary statistics included the mean, median, and range for the number of different
parasite species infecting a single host. All summary statistics were performed in Stata,
version 13.1 (StataCorp, 2013).
Statistical differences between the months and parasite prevalence were assessed
using logistic regression analysis for each parasite and all parasites combined. The
logistic regression analysis was chosen based on the type of data (presence/absence) and
to determine if month was a significant predictor for different parasites’ prevalence.
Additionally, if significance was found, Bonferroni adjustments were conducted on all
pairwise comparisons after the regression to determine which months significantly
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differed from another. All logistic models were also tested using the Hosmer-Lemeshow
Chi2 goodness-of-fit test to assess how well each model fit the collected data.
To determine if there was a difference in total number of different parasites and
freshness of the sample the non-parametric Kruskal-Wallis Equality of Populations Rank
Test was performed. The Kruskal-Wallis test was chosen to determine if the number of
different parasites in a sample differed between freshness categories by testing the Ho that
the groups’ (freshness categories) median number of different parasites were all the same.
The Kruskal-Wallis test was chosen because the number of independent groups
(categories) is larger than two and the total number of different parasite data was nonnormal (Shipiro-Wilk test for normality, p < 0.001). If significance was found in the
Kruskal-Wallis test, the Two-Sample Wilcoxon Rank-Sum test was the used to determine
which two categories were significantly different from each other. Because multiple pairwise tests were completed, Bonferroni adjustments were done afterwards. To determine if
the scat freshness (fresh, medium, old and frozen) had an effect on the prevalence of the
different parasites, logistic regressions were also performed. The logistic regressions
were chosen because of the presence/absence data type, the ability to have both freshness
and months as predictor variables, and complete pair-wise comparisons (with Bonferroni
adjustments) after the regression. Again, the Hosmer-Lemeshow Chi2 goodness-of-fit
was used to assess how well the data fit the model. Frozen was removed from the logistic
analyses due to the lack of comparison group(s) in the winter months (i.e. no fresh,
medium or old samples).
To assess if there is a statistical association between Eucoleus aerophilus and
Monocystis sp., and/or Eucoleus boehmi and Monocystis sp., Fisher’s Exact tests were
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performed. The Fisher’s Exact test was chosen over Pearson’s Chi2 due to its ability to
work in both high and low cell counts (below 5).
Spatial data were mapped in QGIS Version 2.16 (QGIS Development Team,
2016), where raw data were imported as a delineated text file. Those data were layered
over modified PEI Census Subdivision Layer (Statistics Canada, 2012) to visualize
sample locations within the geopolitical boundaries of Charlottetown and Stratford. All
mapping was done on the NAD83(CSRS98) / Prince Edward Isl. Stereographic (NAD83)
(depreciated) projection (EPSG:2291).
Spatial-temporal trends in parasite prevalence were analyzed using SaTScan,
version 9.4.2 (Kulldorff & Information Management Services, Inc., 2015). Retrospective
scanning statistics were completed by use of the Bernouilli model available in SaTScan
version 9.4.2 (Kulldorff, 1997; Kulldorff & Information Management Services, Inc.,
2015). These models were used to identify areas and time periods with higher risk, either
independently (spatial or temporal alone) or as a combined space and time interaction. As
part of these models the relative risk (RR) and percent cases in area (PCA) were
calculated. The relative risk, calculated by dividing the estimated risk within the cluster
by the estimated risk outside the cluster, is a measure that shows how much more
frequent the disease is within the cluster in comparison to the baseline (Kulldorff &
Information Management Systems, Inc., 2015). The temporal precision in the model was
set to one unit interval (representing seasons from the summer of 2013 to summer of
2014, inclusive) and the maximum temporal window was set to 90% (the maximum
allowed setting), to allow for the greatest flexibility for temporal combinations.
Maximum spatial cluster size was assed at 1%, 5%, 10%, 20%, 30% and 50% of the
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population at risk (as recommended by Pfeiffer et al., 2008). The maximum spatial
cluster size chosen and set at 30% of the population at risk based on (1) the size with the
largest increase in simulated log likelihoods (see Appendix-C5, A-D) for all SaTScan
results); (2) visual inspection (goal was to find local clusters and is consistent with the
host/parasites’ biology); (3) consistency throughout the analyses and with (4) previous
studies (Deng et al., 2013; Vanderstichel et al., 2015), and the coordinates were
converted to Cartesian from latitude/longitude in order to allow for elliptic clusters and
distances to be measured in kilometres, rather than decimal degrees. Elliptic clusters were
chosen over the default circular clusters because they offer different possibilities for
cluster shapes, increasing the power for significant clusters that have a long and narrow
shape (Kulldorff et al., 2006; Kulldorff & Information Management Services, Inc., 2015).
To determine if the fecal flotation method was an effective test to find nematode
larvae, in particular Crenosoma vulpis, agreement statistics were conducted using the
“diagt” command in Stata, version 13.1 (StataCorp, 2013).
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3.4.0 – RESULTS
A total of 263 red fox (Vulpes vulpes) fecal samples were obtained during this
study. All 263 samples were subjected to zinc sulphate (ZnSO4) centrifugal flotation,
whereas 260 samples were analyzed with both ZnSO4 centrifugal flotation and the
modified Baermann exam. Three samples had insufficient feces to perform both tests.
A total of 21 parasites were detected - thirteen red fox parasites, two potentially
spurious and six spurious parasites were found in the ZnSO4 fecal flotation technique.
Red fox parasites included Aonchotheca putorii, Alaria sp., Cryptocotyle lingua,
Crenosoma vulpis, Eucoleus (Capillaria) aerophilus, Eucoleus boehmi, Cystoisospora
(Isospora) canis, Cystoisospora (Isospora) ohioensis-complex, Physalpotera sp.,
Sarcocystis sp., Taenia sp., Toxocara canis and Uncinaria stenocephala. Individual
prevalence for these parasites ranged from 1.5% (Taenia sp.) to 47.5% (Uncinaria
stenocephala) (Table 3-1). There was an overall infection prevalence of 85.9% - meaning
85.9% of the fecal samples contained at least one red fox parasite. A median of 2 (mean
of 2.69 and a range of 0 to 9) different species of parasite were found in each scat sample.
The majority of samples contained one parasite and diminished as number of different
parasites increased (right skewed) (Figure 3-1). The modified Baermann exam revealed a
39.23% prevalence of Crenosoma vulpis. No other parasitic larval forms were detected.
The three “potentially spurious,” parasites Demodex sp. Physaloptera sp. and
Baylisascaris procyonis had a prevalence of 7.2%, 0.3% and 0.4%, respectively.
Spurious parasites found using ZnSO4 centrifugal flotation had individual
prevalence ranging from 1.5% (strongyle-type eggs) to 47.9% (Monocystis sp.) (Table 32). The parasite Monocystis sp., however, is a parasite of earthworms and had a very high
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prevalence in the samples (47.9%). From the small side experiment, it was found all
canine sub-samples remained negative for Monocystis sp. at each sample time. The
earthworm parasite, Monocystis sp. was also found to be significantly associated with
both Eucoleus aerophilus (Fisher’s Exact Test, p < 0.001) and Eucoleus boehmi (Fisher’s
Exact Test, p = 0.010). Pseudoparasites including free-living nematodes were found in
59.7% of the samples and free-living mites/mite eggs in 11.0% of the samples using the
ZnSO4 centrifugal flotation (Table 3-2).
The proportion of samples positive for both fecal flotation and the Baermann test
for Crenosoma vulpis was 32.4% (95% CI = 23.4% – 42.3%). There were, however three
instances where the fecal flotation found C. vulpis and the modified Baermann did not.
This gave a proportion of samples negative for both the fecal flotation and the Baermann
test of 98.1% (95% CI = 94.6% – 99.6%).
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Table 3-1. The prevalence and 95% confidence interval (CI) of the parasites found within the red fox (Vulpes vulpes) scat in
Charlottetown, PEI using ZnSO4 centrifugal flotation technique. Both ZnSO4 centrifugal flotation technique and modified Baermann
technique are presented for C. vulpis. The number of samples obtained during each time period and overall is represented by “n”.

Time of Year

Summer 2013

n

Autumn 2013

52

Winter 2013

92

Spring 2014

12

Summer 2014

78

Overall

29

263

Prevalence

95% CI

Prevalence

95% CI

Prevalence

95% CI

Prevalence

95% CI

Prevalence

95% CI

Prevalence

95% CI

Aonchotheca putorii

9.6

3.9 - 21.6

19.6

12.6 - 29.1

50

21.0 - 79.0

9

4.3 - 17.9

17.2

7.0 - 36.7

15.6

11.7 - 20.5

Alaria sp.

15.4

7.7 - 28.4

39.1

29.6 - 49.6

16.7

3.2 - 54.3

20.5

12.8 - 31.2

31

16.3 - 51.0

27

21.9 - 32.7

Cryptocotyle lingua

0

15.2

9.1 - 24.3

8.3

0.8 - 50.1

10.3

5.1 - 19.4

6.9

1.6 - 25.4

9.5

6.5 - 13.7

Crenosoma vulpis – ZnSO4 Float

21.1

11.9 - 24.8

4.3

1.6 - 11.2

8.3

0.8 - 50.1

9

4.3 - 17.9

55.2

36.1 - 72.8

14.8

11.0 - 19.7

Crenosoma vulpis - Baermann

66.7

52.2 – 78.5

35.9

26.6 – 46.3

16.7

3.3 – 54.3

15.4

8.8 – 25.4

77.8

57.0 – 90.2

39.2

33.4 – 45.3

Cystoisospora canis

13.5

6.3 - 26.2

26.1

18.0 - 36.2

16.7

3.2 - 54.3

24.4

15.9 - 35.3

55.2

36.1 - 72.8

25.9

20.9 - 31.5

Cystoisospora ohioensis-complex

15.4

7.7 - 28.4

10.9

5.9 - 19.2

0

9

4.3 - 17.9

62.1

42.4 - 78.4

16.4

12.3 - 21.4

Eucoleus aerophilus

34.6

22.6 - 48.9

22.8

15.3 - 32.7

16.7

3.2 - 54.3

14.1

7.9 - 24.0

55.2

36.1 - 72.8

25.9

20.9 - 31.5

Eucoleus boehmi

42.3

29.3 - 56.4

16.3

10.0 - 25.5

25

6.7 - 60.7

32

22.5 - 43.4

37.9

21.6 - 57.6

28.9

23.7 - 34.7

Sarcocystis sp.

17.3

9.1 - 30.6

0

0

7.7

3.4 - 16.3

17.2

7.0 - 36.7

7.6

4.9 - 11.5

Taenia sp.

0

0

2.5

0.6 - 10.0

3.4

0.4 - 23.0

1.5

0.5 - 4

1.1

0.1 - 7.6

Toxocara canis

21.1

11.9 - 34.8

5.4

2.2 - 12.6

0

7.7

3.4 - 16.3

13.8

4.9 - 33.0

9.9

6.8 - 14.2

Uncinaria stenocephala

51.9

38.1 - 65.5

54.3

43.9 - 64.4

66.7

32.9 - 89.1

25.6

17.0 - 36.7

69

49.0 - 83.7

47.5

41.5 - 53.6

Total Prevalence
(one or more parasites detected)

88.5

76.1 - 94.9

87

78.2 - 92.5

100

N/A

76.9

66.1 - 85.1

96.5

77.0 - 99.6

85.9

81.1 - 89.7
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Table 3-2. The prevalence and 95% confidence interval (CI) of the spurious, potentially spurious parasites and pseudoparasites found
within the red fox (Vulpes vulpes) scat survey in Charlottetown, PEI using the zinc sulphate centrifugal flotation technique. Potentially
spurious parasites or normal flora/potentially spurious parasites are indicated by a single asterisk (*), pseudoparasites are indicated by
a double asterisk (**). The number of samples obtained during each time period and overall is represented by “n”.

Time of Year

Summer 2013

Autumn 2013

Winter 2013

Spring 2014

Summer 2014

Overall

n

52

92

12

78

29

263

Prevalence

95% CI

Prevalence

Baylisascaris procyonis*

1.9

0.2 - 13.2

0

95% CI

Prevalence

95% CI

0

Prevalence

95% CI

0

Prevalence

95% CI

0

Prevalence

95% CI

0.4

0.05 - 2.7

Demodex sp.*

3.8

0.9 - 14.7

3.3

1.0 - 9.0

33.3

10.9 - 67.1

11.5

6.0 - 21.0

3.4

0.4 - 23.0

7.2

4.6 - 11.1

Anoplocephalid eggs

1.9

0.2 - 13.2

2.2

0.5 - 8.5

16.7

3.3 - 54.3

5.1

1.9 - 13.1

3.4

0.4 - 23.0

3.8

2.0 - 6.9

Calodium hepaticum

1.9

0.2 - 13.2

0

0.4

0.05 - 2.7

Eimeria sp.

0

Free-Living Nematode**

82.7

Free-Living Mite**

1.9

Monocystis sp.

69.2

Physaloptera sp.

0

0

0

0

14.1

8.3 - 23.0

33.3

10.9 - 67.1

11.5

6.0 - 21.0

6.9

1.6 - 25.4

10.6

7.4 - 15.0

69.4 - 90.9

63

52.6 - 72.4

16.7

3.3 - 54.3

39.7

29.3 - 51.2

79.3

59.6 - 90.9

59.7

53.6 - 65.5

0.2 - 13.2

2.1

0.5 - 8.5

0

24.3

15.9 - 35.3

24.1

11.4 - 44.0

11

7.7 - 15.4

55.0 - 80.5

54.3

43.9 - 64.4

25

23.1

14.9 - 33.9

65.5

45.7 - 81.1

47.9

41.9 - 54.0

1.1

0.1 - 7.6

0

0.3

0.05 - 2.7

3.8

2.0 - 6.9

1.5

0.6 - 4.0

77.9

72.5 - 82.6

6.7 - 60.7

0

0

Rodent Pinworm

3.8

0.9 - 14.7

7.6

3.6 - 15.3

0

Strongyle-Type Egg

1.9

0.2 - 13.2

1.1

0.1 - 7.6

8.3

0.8 - 50.1

1.3

0.2 - 8.9

0

Total Prevalence (all species)

94.2

83.0 - 98.2

80.4

70.9 - 87.4

66.7

32.9 - 89.1

62.8

51.4 - 73.0

86.2

91

0

3.4

0.4 - 23.0

67.0 - 95.0

Figure 3-1. The proportion of the total sample size containing zero to nine different parasite species within a fecal sample. Error bars
indicate 95% CI. Number of samples, n = 263.
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3.4.1 – Freshness of Sample
Freshness of the sample was recorded for 241 fecal samples. There were 70 fresh
samples, 72 medium, 63 old and 36 frozen recorded. Kruskal-Wallis Equality-ofPopulations Rank Test showed an overall significant difference among the four
categories – fresh, medium, old and frozen (p < 0.001, d.f. = 3) (Figure 3-2). TwoSample Wilcoxon Rank-Sum test showed a significant difference in the number of
different parasites between the fresh and medium (p < 0.001), fresh and old (p < 0.001)
and fresh and frozen (p = 0.004) samples. There was also significant difference between
the number of different parasites detected between the medium and old samples (p =
0.029) and the old and frozen samples (p = 0.003). There was, however, no significant
difference between the medium and frozen samples (p > 0.05).
Each parasite, spurious parasite and pseudoparasite was tested using a logistic
regression to determine if fecal freshness had a significant impact on the prevalence of
the parasite. Frozen was removed from the logistic analyses due to the lack of
comparison group(s) in the winter months (i.e. no fresh, medium or old samples).
Significant differences among the freshness categories were found for Crenosoma vulpis,
Cystoisospora ohioensis-complex, Eucoleus aerophilus, Eucoleus boehmi and Uncinaria
stenocephala (Table 3-3). No significant differences among freshness categories were
found for any other parasite, spurious parasite or pseudoparasite. The parasites
Physaloptera sp., Baylisascaris procyonis and Taenia sp. were unable to be used for
freshness analysis because there was only one record of each.
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Figure 3-2. The median number of different parasites in fresh, medium, old and frozen samples. Total number of samples recorded
with samples: n=241; 71 fresh, 71 medium, 63 old and 36 frozen.
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Table 3-3. Bonferroni pair-wise comparison results from the freshness logistic regression analyses. Results show odds ratio and pvalue in parentheses. Red fox parasites are presented in the upper section of the table, spurious parasites in the second section and
pseudoparasites in the final section. Significant results are further indicated by an asterisk (*).

Number of
Obs.

Medium vs. Fresh

Old vs. Fresh

Old vs. Medium

205
190
202
167
205
181
181
205
105
146
205

0.393 (0.108)
0.925 (1.000)
0.455 (0.171)
0.885 (1.000)
0.547 (0.462)
0.671 (1.000)
0.359 (0.060)
0.311 (0.030)*
3.560 (0.273)
0.863 (1.000)
0.428 (0.099)

0.386 (0.228)
0.291 (0.183)
0.261 (0.021)*
0.125 (0.366)
0.327 (0.117)
0.071 (0.006)*
0.052 (< 0.001)*
0.234 (0.012)*
2.743 (0.351)
0.540 (1.000)
0.140 (< 0.001)*

0.981 (1.000)
0.315 (0.264)
0.574 (0.684)
0.141 (0.369)
0.598 (1.000)
0.106 (0.033)*
0.144 (0.009)*
0.753 (1.000)
0.771 (1.000)
0.625 (1.000)
0.317 (0.036)*

135
114
102
205
89

0.546 (1.000)
1.667 (1.000)
0.294 (0.210)
0.860 (1.000)
0.461 (1.000)

0.389 (1.000)
0.144 (0.258)
0.361 (0.069)
1.317 (1.000)

0.712 (1.000)
0.491 (1.000)
0.420 (0.132)
2.857 (0.921)

131
205

1.490 (1.000)
0.555 (0.432)

0.640 (1.000)
1.138 (1.000)

0.429 (0.762)
2.051 (0.321)

Red Fox Parasites
Alaria sp.
Aonchotheca putorii
Crenosoma vulpis
Cryptocotyle lingua
Cystoisospora canis
Cystoisospora ohioensis-complex
Eucoleus aerophilus
Eucoleus boehmi
Sarcocystis sp.
Toxocara canis
Uncinaria stenocephala
Spurious Parasites
Anoplocephalid
Demodex sp.
Eimeria sp.
Monocystis sp.
Rodent pinworm
Pseudoparasites
Free-living mite
Free-living nematode
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3.4.2 – Monthly Differences in Parasite Prevalence
Significant differences in monthly prevalence were found for eight parasites, two
spurious parasites and one pseudoparasite (Table 3-4). Parasites with significant overall
monthly differences included Alaria sp., A. putorii, C. vulpis, C. canis, C. ohioensiscomplex, E. aerophilus, E. boehmi and U. stenocephala. Spurious parasites Demodex sp.,
and Monocystis sp. In addition, free-living nematodes (pseudoparasites) were found to
have significant overall monthly differences. Furthermore, five parasites, one spurious
parasite and one pseudoparasite showed significant differences between months when
analyzed with Bonferroni pair-wise comparisons (Table 3-4, Figure 3-3). These
organisms included the parasites Alaria sp., C. vulpis, C. canis, E. aerophilus and U.
stenocephala; in addition to, Monocystis sp. (spurious parasite) and free-living nematodes
(pseudoparasite). Regression analyses were not unable to be performed on Physaloptera
sp. (n = 1) or Taenia sp. (n = 1) due to low number of observations.
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Table 3-4. Monthly differences in prevalence for parasites, spurious parasites and pseudoparasites of the red fox (Vulpes vulpes) as
determined by logistic regression analyses. Monthly results are presented as p-value, unless non-significant (N.S.) for both overall
logistic regression analyses and pair-wise comparisons (Bonferroni).

Organism
Red Fox Parasites
Alaria sp.
Aonchotheca putorii
Crenosoma vulpis
Cryptocotyle lingua
Cystoisospora canis
Cystoisospora ohioensis-complex
Eucoleus aerophilus
Eucoleus boehmi
Sarcocystis sp.
Toxocara canis
Uncinaria stenocephala
Spurious Parasites
Anoplocephalid
Demodex sp.
Eimeria sp.
Monocystis sp.
Rodent pinworm
Pseudoparasites
Free-living mite
Free-living nematode
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Number of Obs.

Month (overall)

Month (Bonferroni)

263
231
260
198
258
246
260
263
127
192
260

< 0.01
0.03
< 0.01
N.S.
0.01
< 0.01
< 0.01
< 0.01
N.S.
N.S.
< 0.01

< 0.05 (Fig. 3-4: A)
N.S.
< 0.05 (Fig. 3-4: B)
N.S.
< 0.05 (Fig. 3-4: C)
N.S.
< 0.05 (Fig. 3-4: D)
N.S
N.S.
N.S.
< 0.05 (Fig. 3-4: E)

162
208
159
260
94

N.S.
0.04
N.S.
< 0.01
N.S.

N.S.
N.S.
N.S.
< 0.05 (Fig. 3-4: F)
N.S.

157
245

N.S.
< 0.01

N.S.
< 0.05 (Fig. 3-4: G)

A)

B)

C)

D)

E)

F)

G)

Figure 3-3. Monthly predicted prevalence for parasites, spurious parasites and
pseudoparasites of the red fox (Vulpes vulpes) determined by logistic regression results
(with Bonferroni groups). Only organisms with significant differences in monthly
prevalence are shown (Table 3-4).
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3.4.3 – Spatial Analyses
Spatial analyses were completed to establish red-fox parasite distributions within
the Charlottetown and surrounding areas. Spatial analyses were conducted on 223 scat
samples with GPS coordinates associated to them (Figure 3-4). Spatial analyses sample
numbers are slightly less than total sample count because spatial coordinates
(latitude/longitude) were not collected until after the study started.
There were three significant spatial clusters of red fox parasites found within the
sampling area where the prevalence of those parasites was significantly higher than other
areas (Retrospective Scan Statistic, p < 0.05). The parasites that significantly clustered
spatially were Alaria sp. (RR = 3.24, PCA = 35.1, p = 0.034), Aonchotheca putorii (RR =
3.65, PCA = 91.7, p = 0.0013) and Crenosoma vulpis (RR = 2.63, PCA = 100, p < 0.001)
(Figure 3-5). Alaria sp., Aonchotheca putorii, Crenosoma vulpis and Cystoisospora canis
had significant spatial-temporal correlations present (Retrospective Scan Statistic, p <
0.05) (Figure 3-5, Table 3-5). The cluster of Alaria sp. were found to cluster near a
freshwater pond (Figures 3-5 & 3-6); whereas, A. putorii was near an estuary (Figure 35). No other red fox parasite clustered spatially or spatial-temporally.
Two spurious parasites were found to cluster spatially, Eimeria sp. (RR = 7.07,
PCA = 29.8, p = 0.0011) and Monocystis sp. (RR = 1.81, PCA = 72.7, p = 0.0026)
(Retrospective scan statistic, p < 0.05) (Figure 3-7). Additionally, four spurious parasites
were found to have significant spatial-temporal clusters – anoplocephalid, Demodex sp.,
Eimeria sp. and Monocystis sp. (Retrospective Scan Statistic, p < 0.05) (Figure 3-6, Table
3-6).
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Figure 3-4. Locations of the 223 red fox (Vulpes vulpes) scat samples collected during the sampling period, indicated by a white star.
Points are layered over a land-use map from the Government of Prince Edward Island and census subdivision layer (PEI Department
of Environment, Energy and Forestry, 2010; Statistics Canada, 2012).
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Figure 3-5. Locations of the 223 red fox (Vulpes vulpes) scat samples, indicated by an orange dot. Significant red fox parasite spatial
clusters are indicated by a solid line; whereas, spatial-temporal clusters are a broken (dashed) line. Significant temporal periods are
indicated in the legend (summer [Sum.], autumn [Aut.], winter [Win.], spring [Spr.]). Points and clusters are layered over the census
subdivision of Charlottetown (Statistics Canada, 2012).
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Table 3-5. The red fox (Vulpes vulpes) parasites found to have significant spatial-temporal correlations using the Bernoulli model
available in SaTScan (v. 9.4.2) (Retrospective Scan Statistic, p < 0.05). Variables listed include relative risk, percent cases in area and
p-value.

Parasite

Timeframe

Alaria sp.

Autumn, 2013 to Summer 2014

3.50

79.2

< 0.001

Aonchotheca putorii

Summer, 2013 to Winter, 2013

3.56

40.0

0.025

Crenosoma vulpis

Summer, 2013 to Autumn, 2013

2.68

100.0

< 0.001

Cystoisospora canis

Summer, 2014

3.99

90.0

0.009
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Relative Risk Percent Cases in Area p-value

Figure 3-6. The locations red fox (Vulpes vulpes) scat samples, indicated by an orange dot. The significant Alaria sp. spatial cluster is
indicated by a solid line; whereas, the spatial-temporal cluster is a broken (dashed) line. These points and clusters are layered over the
census subdivision of Charlottetown and land use map (PEI Department of Environment, Energy and Forestry, 2010; Statistics
Canada, 2012).
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Figure 3-7. Locations of the 223 red fox (Vulpes vulpes) scat samples, indicated by an orange dot. Significant spurious parasite spatial
clusters are indicated by a solid line; whereas, spatial-temporal clusters are a broken (dashed) line. Significant temporal periods are
indicated in the legend (summer [Sum.], autumn [Aut.], winter [Win.], spring [Spr.]). Points and clusters are layered over the census
subdivision of Charlottetown (Statistics Canada, 2012).
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Table 3-6. The spurious parasites found to have significant spatial-temporal correlations using the Bernoulli model available in
SaTScan (v. 9.4.2) (Retrospective Scan Statistic, p < 0.05). Variables listed include relative risk, percent cases in area and p-value.

Spurious Parasite

Timeframe

Anoplocephalid

Winter, 2013 to Spring, 2014

36.67

100

0.023

Demodex sp.

Spring, 2014 to Spring, 2014

22

100

0.03

Eimeria sp.

Autumn, 2013 to Spring, 2014

6.91

29.3

0.0021

Monocystis sp.

Summer, 2013 to Autumn, 2013

2.05

83.3

0.00014
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Relative Risk Percent Cases in Area

p-value

3.5.0 – DISCUSSION
During this red-fox scat survey, we detected the presence of Aonchotheca putorii,
Alaria sp., Cryptocotyle lingua, Crenosoma vulpis, Eucoleus (Capillaria) aerophilus,
Eucoleus boehmi, Cystoisospora (Isospora) canis, Cystoisospora (Isospora) ohioensiscomplex, Physalpotera sp., Sarcocystis sp., Taenia sp., Toxocara canis and Uncinaria
stenocephala. This study represents the first fecal diagnostic record of Cystoisospora
canis and Cystoisospora (Isospora) ohioensis-complex and Physaloptera sp. in Canadian
red foxes (Vulpes vulpes). All other parasites found have been previously recorded in red
foxes in Canada, PEI, and USA (Tables 1-1 & 1-2).
The overall fecal-derived estimated prevalence of the different parasites found in
this study varied with Physaloptera sp. being the lowest (0.3%) to Uncinaria
stenocephala, being the highest (47.5%). Within the samples, 85.9% of the foxes carried
at least one parasite species. This finding is similar to other studies in the northernAtlantic region of North America. Wapenaar et al. (2013) found 89% of the sampled
foxes on PEI were infected with at least one parasite. Previous studies focusing on red
fox respiratory parasites had prevalence that ranged from 21% - 78.4% (Goble & Cook,
1942; Smith, 1978; Navarez et al., 2005), which is consistent for all three respiratory
helminths found in this study (C. vulpis, E. aerophilus and E. boehmi). Similarly previous
studies on red fox intestinal parasites had prevalence ranging from 0.4% - 70.5% (Smith,
1978; Wapenaar et al., 2013), which is also very similar with the findings in this study.
The high prevalence of U. stenocephala could, however, be due to misdiagnoses.
The eggs of U. stenocephala cannot be differentiated based on size and morphology from
those of a parasitic stomach nematode of rabbits, Obeliscoides cuniculi (Zajac and
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Conboy, 2012b). Rabbits in PEI have previously been found with O. cuniculi infecting
them (Gary Conboy, personal communication) and therefore, it is possible that spurious
eggs of O. cuniculi were misidentified as U. stenocephala. Similarly, the operculate
trematode eggs of Alaria sp. are morphologically indistinguishable from the eggs of some
of the echinostome trematodes (Gary Conboy, personal communication). However,
operculate eggs do not float well potentially underestimating the prevalence of trematode
infection – a sedimentation exam is the preferred test for this parasite (Zajac & Conboy,
2012e). The parasite Taenia sp. is also likely under-represented in this study as the eggs
are passed within the segments of the cestode and rarely show up on a fecal exam unless
a segment is broken and the eggs are released.
In this study, we only found a single egg of Physaloptera sp. This parasite has
been previously reported in red foxes in various states east of the Mississippi River in the
USA (Smith, 1943; Erickson, 1944; Rankin, 1946; Conti, 1984; Dubey et al., 1990). It is
possible this finding reflects a true infection of Physaloptera sp. in red foxes on PEI;
however, the zinc sulphate (ZnSO4) fecal flotation or modified Baermann techniques
have poor detection power for Physaloptera sp. eggs and are more reliably found on fecal
sedimentation (Zajac & Conboy, 2012g). Alternatively, it is possible the egg in this study
came from a prey item, such as skunks (Mephitis mephitis) (Webster & Wolfgang, 1956),
raccoons (Procyon lotor) (Law & Kennedy, 1932) or the American red squirrel
(Tamiasciurus hudsonicus) (Mahrt & Chai, 1972). The egg could also have been obtained
through coprophagia of an infected animal. Because of this, Physaloptera sp. was labeled
as potentially spurious as there was only one sample with a single egg identified.
Similarly, the other parasite, Baylisascaris procyonis, was labeled as potentially spurious
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because it has a definitive host of a raccoon (Procyon lotor) and again, only a single egg
was found in this study; however, both spurious eggs and patent adults have been
reported in dogs (Conboy, 1999; Kazacos, 2001; Bowman et al., 2005). Although able to
infect dogs, Baylisascaris procyonis has never been recorded to infect red foxes.
Little et al. (2009) found dogs in the USA to have regional infection prevalence of
Cystoisospora sp. ranging from 3.0% to 12.7% and a national average of 4.4%. They also
found younger dogs had a higher prevalence than older dogs - 11.7% in dogs less than 6
months and 1.5% in dogs over 7 years old. Similarly, Villeneuve et al. (2015) showed an
overall prevalence of Cystoisospora sp. at 10.4% (≤ 1 year old = 12.6%, > 1 year old
8.2%) from humane society dogs across Canada. On PEI, the prevalence of
Cystoisospora (Isospora) sp. in young dogs was found to be 6% in local animal shelters,
13% in private veterinary clinics and 49% in pet stores (Uehlinger et al., 2013). These
studies’ values are generally much lower than the values in this study (with the exception
of the young dogs in pet stores on PEI): Cystoisospora canis and Cystoisospora
ohioensis-complex at 25.9% and 16.4%, respectively. It is likely the increased prevalence
of Cystoisospora sp. in the foxes in this study is due to the red foxes predating upon small
mammals (intermediate host) and therefore having a higher probability of becoming
infected with these coccidians. Furthermore, it is also possible foxes could have an
increased exposure to these coccidians and other parasites (e.g. Giardia sp. and
Cryptosporidium sp.) through environmental contamination of infected dogs.
Cystoisospora canis and Cystoisospora ohioensis-complex oocysts have,
however, been identified by size in this study (C. canis – 34-42 x 27-33µm and C.
ohioensis-complex – 21-32 x 19-27µm). C. ohioensis-complex is composed of four
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species – C. ohioensis, C. burrowsi, C. neorivolta and C. vulpina (Duszynski et al.,
2000). The only definitive host for C. vulpina is the red fox. However, the other three
members of C. ohioensis-complex are able to infect dogs (Canis familiaris) and have not
been confirmed to also infect red foxes (i.e. it is not currently known if foxes and dogs
are susceptible to infections from the same species of coccidia). Cross-species
transmission studies or molecular characterization may be able to determine whether
dogs and foxes are susceptible to the same or different coccidian species.
Eight parasites showed monthly variations in prevalence. When further analyzed
using Bonferroni pair-wise comparisons the number of parasites with significant
differences was reduced to five. The low prevalence detected in the spring months and
high prevalence in the late summer of the respiratory nematode, C. vulpis was consistent
with the life span of the parasite (10 months) and the likely transmission season (May –
September) (Anderson, 2000b; Gary Conboy, personal communication). In the spring,
previously exposed adult foxes would have likely to have just lost their worm burden and
the young of the year have yet to be exposed.
Similarly to C. vulpis, Alaria sp. has intermediate hosts that could be troublesome
to obtain in the winter months: Alaria sp. requires, first, an aquatic snail and then an
anuran as intermediate hosts. Eggs of Alaria sp. hatch (miracidia – first larval stage) after
two weeks in the water and then penetrate the aquatic snail (Mohl et al., 2009; Bowman,
2014d). The miracidia then develop into sporocysts and then into cercaria (second larval
stage) between 18 to 26 days (Pearson, 1956). The cercaria then penetrate the second
intermediate host and develop into mesocercaria in two to three weeks (Pearson, 1956;
Johnson, 1968). The mesocercaria of Alaria sp. takes three to five weeks to develop and
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shed eggs (Bowman, 2014d). The results are consistent with the parasite’s life cycle and
are slightly different from C. vulpis due to the extended development time: 9 – 14 weeks
for Alaria sp. and 5 – 6 weeks for C. vulpis (Pearson, 1956; Johnson, 1968; Anderson,
2000c; Mohl et al., 2009; Bowman, 2014d).
The significant differences in months found for coccidia (C. canis and C.
ohioensis-complex) could be explained by prey availability. As found by Dell’Arte et al.
(2007), the main prey item of the red foxes in Finland were Microtus voles. The voles’
remains were found in fox scat equally throughout the year, however were more
prevalent when the populations of voles was also high. An increase or decrease in the
consumption of small mammals could also increase or decrease the transmission of some
parasites, including coccidia. Because of this, it could be speculated that the populations
of small mammals in Charlottetown were low in the summer of 2013, and minimal
transmission of coccidia to the red foxes from tissue-encysted Cystoisospora sp.
occurred. There are, however, no data on small mammal populations in urban areas of
PEI, therefore only speculation can be used.
The prevalence fluctuations for Monocystis sp. and perhaps even E. aerophilus
could also be due to seasonal prey availability and development time. Earthworms are the
definitive host for Monocystis sp. and possibly the intermediate host for E. aerophilus:
again, they could be troublesome to obtain in the winter under the snow and hard, frozen
ground. In this study, the northern hookworm, U. stenocephala was shown to have a high
prevalence and slowly increasing in the summer and fall months and very low in the
winter months. This could be attributed to the transmission season of this parasite. This
parasite has a direct life cycle where the infective stage larvae is found and has developed
110

within the soil of the environment after the egg has been passed in the feces (Anderson,
2000c). The infective larvae would likely be under the snow and frost in the winter,
making it difficult for the parasite to infect the foxes by either skin penetration or
ingestion. When the snow melts and soil becomes exposed, transmission is likely to
begin. Development within the host takes 15 days, leading to patent infections beginning
in the spring and increasing throughout summer months (Anderson, 2000c).
The frequent finding of the spurious earthworm parasite Monocystis sp. in the scat
samples indicates frequent consumption of earthworms by foxes during the spring and
summer months. The two nematodes, E. aerophilus and E. boehmi, do not have a
recorded life cycle, however an earthworm intermediate or paratenic host (a host in which
a parasite survives but does not develop) has been suggested (Borokova, 1947; Anderson,
2000a). Results indicate a statistical association of Monocystis sp. with both E.
aerophilus and E. boehmi (Fisher’s exact test, p < 0.05). Additionally, a significantly
higher estimated prevalence of Monocystis sp. in the foxes in the spring and summer
months and slowly declining into the winter months was found (Figure 3-3 F). This is
consistent with the findings of Borokova (1947) and the speculation of Anderson (2000a)
on the role earthworms as intermediate or paratenic hosts in the life cycle of these
capillarids. However, since the life-cycles of these parasites have not been completely
determined, the role earthworms may play as intermediate or paratenic hosts has yet to be
determined. However, the life cycle of A. putorii is known to involve an earthworm as an
intermediate host (Anderson, 2000a). The high prevalence of A. putorii in the summer of
2013 to the winter of 2013 (Table 3-5) was consistent with the high level of detection of
Monocystis sp. in the samples during this time period (Table 3-6).
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The high prevalence of Demodex sp. in September could be due to the prey items
becoming more available to the foxes, or the foxes’ diets switching from one resource to
another (Dell’Arte et al., 2007). The remainder of the months in the year has a relatively
consistent predicted prevalence between five and 20%. These predicted prevalences are
likely to be a more accurate representation of the true prevalence. However, whether the
presence of Demodex sp. is a sign of infestation from the fox biting themselves or
consuming prey items is unknown. In this study, Demodex sp. was labeled as normal
flora/potentially spurious because it has been recorded on many hosts including dogs,
cats, humans, and other species (Bowman, 2000c; Zajac & Conboy, 2012h). Since it is an
arthropod that lives in the sebaceous glands and hair follicles of their hosts, determining
if the arthropod was a parasite/normal flora of the foxes is not possible without a dermal
scraping (Zajac & Conboy, 2012h). Additionally, the Demodex mites found on dogs (D.
canis, D. injai and D. cornei) have different morphologic characteristics. However, it has
been suggested the three dog Demodex mites are morphologic polymorphisms of the
same species, making it more challenging to morphologically distinguish the parasitic
species from the spurious or normal flora (de Rojas et al., 2012).
The spurious parasites found also indicate that foxes are still consuming a natural
diet within the urban environment. All of these spurious parasites, except Monocystis sp.,
are from rodents or lagomorphs. Strongyle-type eggs, however, can be obtained through
consuming a rodent/lagomorph or consuming horse/ruminant feces (Zajac & Conboy,
2012b).
Temperature could be the reason for the significant increase in free-living
nematode prevalence (p < 0.05) within the spring/summer/autumn months. The
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nematodes may have only some resistance to freezing, therefore becoming less prevalent
in the winter months. Sulkava & Huhta (2003) found similar results, where soil
nematodes in boreal forest soil were reduced in numbers in the winter. The free-living
mites likely did not show significance due to the low prevalence within the samples.
As expected, the freshness of scat samples had a significant effect on the
prevalence of the different parasites: thus rejecting the Ho that the prevalence in the
freshness categories are all the same. Parasite eggs, larvae and cysts begin to hatch or
desiccate as the fecal sample ages or dries out and can become completely
unrecognizable on a fecal analysis, leading to underdiagnoses. Freezing, however, will
destroy some parasites (mainly protozoans) and preserve others. Because there was
significant loss of parasites in the old samples, future studies should consider only
collecting samples that appear to be fresh.
Five parasites were found to be significantly affected by the freshness of the scat
(Table 3-3). Cystoisospora ohioensis-complex is a protozoan, making them susceptible to
desiccation and freezing. Although it is possible these two parasites to survive for up to a
year in optimal conditions, they cannot survive when frozen or subjected to extreme heat
(Companion Animal Parasite Council, 2013). Because the scat is likely to freeze in the
winter and dry out in the summer, the optimal conditions for long-term survival are not
met and the protists are likely to perish.
The northern hookworm, Uncinaria stenocephala, has a very short developmental
time – 12 to 96 hours at 20oC, indicating the eggs had likely developed and hatched
before the sample would be dried out enough to be considered “old” (Gibbs & Gibbs,

113

1959). Similarly, if the larvae of C. vulpis were to die within the feces, the Baermann
method would no longer work as it requires live, motile larvae to work properly.
Traversa et al. (2011), reported a larval developmental time of 60-days for E.
aerophilus at 20oC; however, no longevity studies exist for the eggs of E. aerophilus or
E. boehmi. Longevity studies on the eggs from the closely-related, Trichuris vulpis,
determined that eggs may last about six months – 192 days (Dunsmore et al., 1984).
There has also been research suggesting Sheather’s Sugar Solution may be more
appropriate for floating Eucoleus sp. eggs (Gary Conboy, unpublished data). However,
because of the thick eggshell, long development time and related longevity, the reason as
to why there was a significant difference in prevalence between scat ages for both E.
aerophilus and E. boehmi is unknown.
No other parasites were found to have significant differences based on perceived
freshness of the scat (Logistic Regression, p > 0.05, Bonferroni adjusted). A possible
explanation of non-significance for the other parasites is due to low prevalence of the
parasite and uneven distribution of the sample numbers throughout the different freshness
categories. The second explanation of non-significance is that “freshness” was a
qualitative or subjective classification and could be easily misclassified. The third
possibility is the parasite eggs may be resistant to desiccation. Parasites, such as
Toxocara canis, have a very thick, resistant shell wall that can survive as long as 192
days in soil (Dunsmore et al., 1984). The eggs of T. canis can survive in low moisture
content areas, but development progresses more quickly when moisture and/or
temperature increase (Onorato, 1932; Azam et al., 2012). However, as temperature
increases, the amount of moisture required for development also increases (Onorato,
114

1932). Temperature is also a factor in parasite survival. If a sample had been in the sun
all day, the feces would dry out causing an increase in temperature: Toxocara canis, for
example, will die at and above 37oC if exposed to sunlight in arid conditions (Levine,
1968).
The sensitivity of the fecal flotation method could also have had an impact on the
apparent prevalence of the different parasites. The fecal flotation is the standard for
veterinary diagnostics in parasitology and is the method of choice for many parasites
found in this study; it is not the best method for all parasites. As previously mentioned,
operculate eggs do not float well and neither do larvae (Zajac & Conboy, 2012e). In this
study the agreement between the modified Baermann exam and fecal flotation methods
demonstrated that of all the positive Baermann tests for C. vulpis only 32.4%: were
positive in the fecal flotation. Based on the assumption that the modified Baermann exam
is the “gold-standard”, as is considered by many parasitologists (Bowman, 2014b; Zajac
& Conboy, 2012d) our results would suggest that the fecal flotation has a lower
diagnostic sensitivity. The observed sensitivity found in this study was much higher than
the previously reported 10% found in dogs within Atlantic Canada (Conboy, 2004).
Because Conboy et al. (2013) found, the ZnSO4 centrifugal flotation detected C. vulpis
larvae 96% of the time on samples with larval counts greater than 34 L1-larvae per gram
(L1/g) of feces, the foxes are likely shedding more C. vulpis larvae than dogs. This is also
consistent with foxes being the natural definitive host and that naturally infected dogs
generally have low shedding numbers (median = 1.7 L1/g feces) (Conboy, unpublished).
However, the results of this study and previous studies show the fecal flotation is

115

generally a poor method of detecting larval forms and is consistent with the literature
showing the modified Baermann is the most accurate exam for larvae.
The proportion of samples that tested negative for both fecal flotation and the
Baermann test was 98.1%, indicating there were some samples that were positive on the
fecal float, but not on the modified Baermann. This could be due to diagnostic error or
more likely due to larvae being dead. The modified Baermann exam relies on the
presence of live larvae and is very unlikely to be positive in a sample that does not
contain living larvae. If the larvae are dead, the only way for them to enter the water
during the modified Baermann exam is by the feces breaking apart and them falling out
of the mass. However, in the flotation method, the entire fecal sample is broken apart:
allowing larvae, living or non-living, to become free in solution. Nematodes generally
float poorly; however, they may appear on the fecal float occasionally (Bowman, 2014b).
Because the modified Baermann requires the larvae to be alive, it is reasonable to expect
the flotation would detect dead larvae in a sample better than the modified Baermann.
This may also explain why few C. vulpis were detected on the float and not on the
modified Baermann. Conversely, it is possible (but unlikely) that some of the larvae were
misidentified as C. vulpis.
The findings also provided indirect evidence of some of the dietary habits of
foxes on PEI. We now know from the spurious parasites found within the feces, that
foxes have been regularly consuming earthworms, rodents, fish and lagomorphs (Table 32; Zajac & Conboy, 2012b). This is supported based on the parasites found in the scat,
suggesting that foxes have consumed earthworms, frogs, lagomorphs (or rodents), marine
fish and terrestrial gastropods (Table 3-1; Zajac & Conboy, 2012b). The data, however,
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do not allow for determining when the prey was consumed. The parasites require time to
fully develop (prepatent period) before they begin shedding eggs or cysts into the feces
(patent infection). Once shedding of eggs and cysts occurs, examination of a random scat
does not allow for the determination of exactly how long shedding has been taking place.
The spurious parasites, however, simply pass through the gastrointestinal tract, as they
are not infectious to foxes. For this reason, finding spurious parasites provides insight
into the recent (days instead of months) prey consumption. Regardless of the increased
access to anthropogenic food sources (either provided directly by human including dog
food, eggs etc.), urban foxes are routinely consuming natural prey items as suggested by
the parasites present in their feces and the results of the earthworm side experiment.
These findings were further supported by the results of stomach contents of 34 rural red
foxes from PEI (Bullerwell, 2014). The stomach contents of the rural foxes included
rodents, birds, lagomorphs, arthropods, vegetation, apples, birdseed and anthropogenic
foodstuffs. Bullerwell (2014) also examined urban fox stomach contents. The urban fox
stomachs were found to contain rodents, vegetation and birdseed, however the sample
size was very low (n = 3) and is unlikely to accurately represent the true dietary
composition of the red foxes in Charlottetown.

3.5.1 – Spatial Analyses
The space-time analyses revealed both purely spatial and spatial-temporal clusters
for some parasites. The spatial clustering of Alaria sp. cases was consistent with the
biology of the parasite as the cluster was located near a fresh-water pond. Frogs are one
of the intermediate hosts needed for the life-cycle of Alaria sp. and are likely to be found
117

near freshwater ponds (Figure 3-6). Alternatively, the cluster could be due to sample
location and the possibility of repeat sampling (i.e. sampling the same fox/group of
foxes) since the majority of the samples were collected in two large areas in
Charlottetown (Figure 3-4). The possibility of repeat sampling from the same fox could
also explain the long temporal period for the spatial-temporal cluster found. For example,
repeated samples from the same or few infected fox(es) over the collection period would
result in a spatial and temporal clustering of the infection. However, it is unknown
whether the same fox same group of foxes were sampled repeatedly or if/how many times
repeat samples were obtained. If the same fox/group of foxes were repeatedly sampled, it
would artificially increase the prevalence making it seem higher than the true levels.
Therefore, the prevalence of each parasite shown should be treated as preliminary
findings and further study with individual fox sampling strategies should be done.
The other parasites found to have spatial-temporal clusters (within the sampled
locations), A. putorii, C. vulpis and C. canis, all have known time periods of high
infection rates consistent with their biology: becoming infected in the spring when the
prey items (intermediate hosts) become more available to the red foxes and then shed
larvae/eggs/cysts in the summer and autumn. Because these prey items are widely
available and do not require a specific geologic feature for survival, spatial clustering was
not expected. However, the spatial aspect of both the spatial and spatial-temporal
correlations is likely due to repeat sampling as was discussed earlier.
Alternatively, the significant temporal differences in shedding of cysts of C. canis
in the red foxes may be due to age and stresses associated with the red fox’s
reproduction. Dog puppies have generally higher rates of parasite infection (Little et al.,
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2009; Villeneuve et al., 2015) which is likely due to the puppies’ lack of immunity to
parasites (Bowman, 1999; Kazil & Yuce, 2009) and can manifest clinically during
weaning, especially for coccidians (Dubey et al., 2009). Similarly, fox kits are generally
more infected with parasites than adults (Baker & Harris, 2008). From previous
knowledge of infections in dogs, it could be hypothesized that the kits are more likely to
be infected (and show clinical signs) by C. canis due to the lack of acquired immunity
and the stress of weaning. It is possible the naïve-immune kits easily acquire coccidia
infections through consuming prey items containing tissue cysts or consuming/coming
into contact with sporulated oocysts from dog feces. The intermediate hosts of A. putorii
and C. vulpis are the likely explanation for the found temporal significance. The
earthworm is the intermediate host for A. putorii (Anderson, 2000a) and C. vulpis has a
terrestrial gastropod intermediate host (Anderson, 2000b). The gastropods and
earthworms would be readily available for consumption in the spring/summer and be
more difficult to obtain in the winter months. The prepatent period and lifespan of the
parasites combined with prey availability, would show high levels of shedding in the
summer/autumn months and potentially into the winter months.
The spatial analysis of the spurious parasites showed high rates of Eimeria sp. in
the Lewis Point area of Charlottetown. This area is a public park with woodlands and a
field, representing an excellent habitat for small mammals (the definitive host of some
Eimeria sp.). The spatial-temporal analyses also showed high rates of Demodex sp.,
anoplocephalids and Eimeria sp. - all parasites of small mammals. Therefore, it is
possible that the high rates of Demodex sp., anoplocephalids and Eimeria sp. found in
this study could be due to sample location bias or repeat sampling of the same fox or
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foxes. However, since the spatial-temporal analyses showed areas and temporal windows
with high prevalence for these three spurious parasites (n.b., all these species have the
ability to use the same definitive host), it is likely the fox(es) have more access to small
mammals in this area. The common season of high prevalence found for these parasites
was winter, 2013. This possibly indicates a shift in diet from fruits, nuts, earthworms,
gastropods, anurans and fishes (food items that are available to foxes in the spring,
summer and autumn when there is little/no snow) to a diet centered on small mammals.
Similar results were found in Finland by Dell ‘Arte (2007), in which they found plants
and insects (other food items) were mainly exploited in the summer months. They also
found birds to be consumed more frequently in the summer months; whereas voles
(Microtus sp.) were found to be the main food source equally in the winter and summer
months, but varied when vole populations were higher or lower. Furthermore, Contesse et
al. (2004) found invertebrates and intermediate foods (fruit and cultivated crops) were
found in urban red fox stomachs significantly more in the summer months than in the
winter months

3.6.0 – RECOMMENDATIONS

Based on the results of this study, the following recommendations for future
studies on fecal parasite surveys are suggested. 1) Collect samples when they are
considered to be “fresh”. As the sample ages and/or dries out, the parasites/eggs/oocysts
would either hatch and leave the feces or perish, therefore further reducing the amount of
information obtained.
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2) Multiple diagnostic techniques should be used in order to detect the most
parasites in a fecal survey. Since the characteristics of parasite species (e.g. operculate vs.
non-operculate egg or egg vs. larvae vs. cyst) can affect the sensitivity and specificity of
a diagnostic test, the methods employed in a fecal survey should represent the range of
parasites that are found in the area. This also emphasizes the value of preliminary or pilot
fecal surveys in determining the most appropriate tests to employ. Trying to detect all
consistently and reliably with one technique is not possible, therefore multiple
complementary methods should be used.
3) Obtaining samples from all areas of the city for spatial analyses. The cluster
detection software (SaTScan) is able to detect clusters in space and time (both separately
and simultaneously) where there are data present, but limited by a lack of data, so
sampling is critical. Ideally, if possible, a more homogenous scat sampling survey of the
city instead of targeted areas (such as den sites) may give more accurate representations
of clusters.
4) Molecular identification studies of parasites should be completed to
complement morphological identification. Multiple eggs and oocysts found in this study
could not be discriminated based on morphology and molecular techniques could be used
to resolve discrepancies.
Finally, 5) a follow up thorough parasite survey should be completed in five to ten
years. Justification for parasite surveys can be found in the impact of parasites such as
Dirofilaria immitis (American Heartworm), Echinococcus sp., and Angiostrongylus
vasorum (French Heartworm) which can have profound effects on both human and
domestic animal health and need to be monitored frequently to be mitigated effectively.
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3.7.0 – CONCLUSION

This study has shown there is a highly parasitized population of red foxes in the
Charlottetown and Stratford areas. With these red foxes defecating around the city, the
chance for dogs to become infected by a canid parasite is likely to increase. Additionally,
this study has revealed the red foxes within Charlottetown and Stratford are still
observing a natural diet. This study has recorded, for the first time, the parasites and
infection prevalence of some of the parasites infecting the red fox (Vulpes vulpes) in
Charlottetown, PEI. This study also highlighted the importance of obtaining the freshest
sample when attempting to diagnose the parasites within an animal. The unreliability of
finding Crenosoma vulpis using the fecal flotation technique was also highlighted,
indicating the need to do multiple examination techniques when doing diagnostic
parasitology. For the first time, spatial and spatial-temporal analyses were used to
describe the parasites infecting foxes in Charlottetown and Statford. These analyses
found correlations consistent with the biology of the parasites; however, the unknown
possibility of repeat sampling of the same fox(es) and sample design may have
influenced the results. This study represents one of the starting points to learning how to
live with these animals, rather than eliminating them.
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CHAPTER 4:

A NECROPSY AND FECAL SURVEY OF THE ENDO-PARASITES IN THE
RED FOX (Vulpes vulpes) ON PRINCE EDWARD ISLAND, CANADA

4.1.0 – ABSTRACT
The Canadian province of Prince Edward Island (PEI) has a large population of
red foxes, however few studies on PEI involved a broad survey of their parasites. This
study attempts to describe the parasites found within the red foxes on PEI. Between 2012
and 2015, 113 trapped red foxes and 16 urban road-killed foxes from central-eastern PEI
were searched for parasites. Intestinal flushes, lung flushes, and fecal analyses were
performed on all possible animals. Prevalence, intensity, host factors, spatial and
temporal analyses and agreement statistics then described the parasites after
identification. Seven intestinal parasite species and two respiratory parasite species were
found in the red foxes on PEI with overall high infection prevalence. Agreement statistics
between fecal flotation and the parasite recovery techniques showed a low diagnostic
sensitivity and high specificity for the ZnSO4 fecal float diagnostic technique. Significant
spatial and spatial-temporal clusters were also found for Alaria alata and the
Echinostomes. This study represents the first record of Taenia sp., Taenia crassiceps,
Himasthla sp. and Stephanoprora sp. infecting red foxes on PEI.

130

4.2.0 – INTRODUCTION
The Canadian province of Prince Edward Island (PEI) has a large population of
red foxes, where foxes are found both in rural and urban areas. A previous study has
found the population of urban-red foxes has been increasing in the provincial capital of
Charlottetown (Lambe, 2016b). Few ecological studies have been done on the red fox on
PEI until recently (Silva et al., 2009; Wapenaar et al., 2012; Martin, 2015; Lambe,
2016a). As the population of red foxes increases, it is important to learn about their
behaviour, ecology and the pathogens (viruses, bacteria and parasites) to better
understand the consquences of living near these animals.
The red fox can carry a diverse parasite fauna. Parasites carried by the red fox
include various protozoans, arthropods, trematodes, cestodes, acanthocephalans and
nematodes. In Canada, there have been eight protozoan, thirteen trematode, nine cestode
and fourteen nematode species previously recorded in the red fox (Table 1-1). Previous
studies in the United States of America (USA) have shown similar numbers of red fox
parasites when compared to Canadian reports (Table 1-2).
In parasitology, infections can be measured by infection prevalence and infection
intensity. Infection prevalence is the proportion of infected hosts among all the hosts
examined, whereas infection intensity is the number of parasites within an infected host.
Previous red fox parasite surveys in north-eastern North America have reported infection
prevalence of respiratory and intestinal parasites of at least one parasite ranging from 21100% (Goble & Cook, 1942; Rankin, 1946; Smith & Threlfall, 1973; Smith, 1978;
Navarez et al., 2005; Wapenaar et al., 2013).
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Limited parasitological survey work on wildlife has been done on Prince Edward
Island (PEI), Canada. Previous studies have been conducted on some species inhabiting
PEI, including the coyote (Canis latrans) and the red fox (Vulpes vulpes) (Swales, 1933;
Appleyard et al., 1998; Nevarez et al., 2005; Wapenaar et al., 2006; Wapenaar et al.,
2007; Clancey et al., 2010; Wapenaar et al., 2013). The first parasitic survey and review
of wildlife on PEI was completed by Swales in 1933. Parasites found in red foxes by
Swales (1933) included Alaria alata and Alaria americana. The parasite Trichinella
spiralis was the focus of the study completed by Appleyard et al. (1998) and Crenosoma
vulpis and Eucoleus aerophilus were focused on by Nevarez et al. (2005). The studies
conducted by Wapenaar et al. in 2006 and 2007 were focused on the intestinal protozoan
parasite, Neospora caninum. Clancey et al. (2010) focused on the hemoprotozoan
parasite, Babesia (Theileria) annae and Lopez et al. (2016) surveyed and characterized
the histopathology associated with Eucoleus boehmi infection in the red foxes on PEI.
There also has been long-term work done on the canid lungworm, Crenosoma vulpis, in
the red fox populations of PEI (Conboy, unpublished). Wapenaar et al. (2013) completed
a more thorough fecal survey, recording three nematodes – Capillaria sp., Toxocara
canis and Uncinaria stenocephala; two cestodes – Mesocestoides sp. and Taeniid eggs;
two trematodes – Alaria sp., and Cryptocotyle lingua in red foxes. They also reported
three protozoan parasites in red foxes: Sarcocystis sp., Neospora caninum-like oocysts,
and other coccidia. Wapenaar et al. (2013) reported 89% of the animals had at least one
parasite infecting it. This study, however, was done using flotation examination of rectal
feces collected at necropsy from animals harvested during the hunting/trapping season
(November – January).
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Fecal surveys use the feces of the animal to find the parasites’ eggs or larvae to
describe what is infecting that animal. Fecal survey techniques are good for baseline
information and are non-invasive, however they do not detect prepatent infections
(infections with immature parasites – prior to reproduction) and are unable to provide the
researcher with infection intensities (Bowman, 2009; Wapenaar et al., 2013; Conboy,
unpublished data). Additionally, some parasites shed intermittently (C. vulpis, for
example) and therefore a single fecal analysis from one particular animal may not be
representative of the parasites present within that host (Oliveira-Junior et al., 2006;
Conboy, unpublished data). Necropsy surveys are considered the “gold standard” of
parasite survey work since the immature and adult forms can be recovered directly from
the animal tissue at necropsy and therefore should be preferred. Although these previous
studies provide us with a good idea of the parasitic fauna of these animals, they only give
us a “snapshot” of what was present during that time and a more comprehensive, recent
survey was needed.
The main objectives of this study were to; (1) establish the parasitic species
present within the red fox on PEI; (2) determine the infection prevalence and intensity;
(3) examine host factors potentially impacting the extent or development of infection; (4)
determine parasite spatial distribution and (5) find if there is a difference in parasite
prevalence and intensity between road-killed and trapped foxes and if there are
differences in parasite intensities between years. Another (6) important objective was to
examine the diagnostic sensitivity and specificity of the fecal flotation test, based on the
gold-standard necropsy findings.
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4.3.0 – MATERIALS & METHODS

4.3.1 – Data Collection
Trapped-red fox carcasses were obtained from licensed hunters and trappers on
Prince Edward Island (PEI) (46.5o N, 63.4o W), Canada. Hunters and trappers followed
the guidelines of the Wildlife Conservation Act and the General Regulations of the Fish
and Game Protection Act of PEI, during the annual hunting (November 1 – January 31)
and trapping seasons (November 15 – January 31 [snare & trapping]/ November 1 –
November 14 [modified foothold only]) of 2012/2013, 2013/2014 and 2014/2015. After
pelting, the hunters were offered a nominal amount of money to bring the carcasses to the
Atlantic Veterinary College’s (AVC) Diagnostic Services – Morphologic Pathology,
located on the University of Prince Edward Island’s (UPEI) campus. Trapped foxes that
were not immediately processed for parasite recovery were frozen and stored at -20oC to
help preserve the parasites within the animal. Trapped foxes from 2012 were frozen until
being processed for parasite recovery in 2015 (three years). Frozen carcasses were
thawed overnight at room temperature for necropsy the following morning. Citizens,
colleagues or government workers also sent road-killed red foxes to AVC Diagnostic
Services – Morphologic Pathology. Animals that sustained extensive damage from
vehicular impact prevented a full exam for parasite recovery and were not included in the
analyses.
Prior to the fox necropsy, the sex and trapping/road kill location were recorded.
Weight was recorded but later excluded from analyses due to the inaccuracy of the
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measurement as a result of blood loss, dehydration and removal of tissue (either
intentional: e.g. pelting, or not: e.g. evisceration by vehicular impact). The foxes’
intestines, heart and lungs (together), trachea, nasal turbinates, bladder, stomach, feces
and lower mandible were then extracted. The feces were collected between the caecum
and receum and placed into a screw-top vial (Starplex® Histoplex™ Histology O-Ring
Container – 90 mL, nonsterile). The nasal turbinates and bladder were extracted for a
concurrent study on Eucoleus boehmi and Pearsonema plica in the red foxes on PEI
(Stavert, 2015). Muzzles on some foxes were collected for a second concurrent study on
Eucoleus boehmi and the associated histopathology of that infection (Lopez et al., 2016).
The stomach and lower mandible were collected, placed in bags and frozen for later
projects.

Respiratory Parasite Recovery
The heart and lungs were flushed to identify respiratory parasites using a modified
Inderbitzen lung-flush technique (Oakley, 1980; Jeffery et al., 2004; Conboy et al., 2009)
(Appendix–A3) to recover mature and immature respiratory helminths. In short, a small,
5/16-inch diameter, Tygon™ tube (attached to a water tap) was inserted through the right
ventricle into the pulmonary artery. The heart and lungs were then placed inside an eightinch, 150-micron (µm) geologic sieve (US Standard, Number 100), water pressure was
slowly increased until the lungs were fully inflated for two minutes (Conboy et al., 2009).
After those two minutes, the water was turned off and the lungs were allowed to settle in
the sieve for about one minute to let all the water flow out of the lungs. The heart and
lungs were then rinsed off in the sieve and discarded. The contents of the sieve were then
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collected into a screw-top container (Starplex® Histoplex™ Histology O-Ring Container
– 250 mL, nonsterile) with approximately 100mL of isotonic saline (0.9%) and then
viewed in a nine-centimeter-square-grid marked petri dish under a dissecting microscope
(Wild Heerbrug: Wild M5A / Leica MZ6) at 100x magnification.
Tracheal washes were conducted to collect mature and immature Eucoleus
aerophilus. Tracheal washes were completed by cutting the trachea along the length and
rinsing the contents into an eight-inch 150 µm geologic sieve (US Standard, Number
100). Sieve contents were then collected and analyzed using the methods previously
described for the lung flushes.
If the heart/lungs were punctured they were unable to hold water pressure and the
flushing technique was ineffective, a secondary methodology was then implemented. The
lungs were cut open by following the primary bronchi into the bronchioles inside an
eight-inch 150 µm geologic sieve (US Standard, Number 100). The insides of the lungs
were then flushed with water. The sieve contents were then collected and analyzed using
the same methods previously described for the lung flushes.

Intestinal Parasite Recovery
The intestines were flushed to recover mature and immature intestinal helminths
(parasitic worms including cestodes, trematodes and nematodes) using a technique
developed and taught by CABI (formerly, CAB International and/or Commonwealth
Agricultural Bureaux) in the United Kingdom (Ministry of Agriculture, Fisheries and
Food, 1987). Briefly, this technique involved cutting the intestines in half (transection),
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inserting a hose (8mm -diameter Tygon™ tube, attached to a water tap) at the beginning
of one half and holding the intestine upright with lower portion inside an 11L bucket.
With a secure grip, the water was slowly turned on and pressure increased until sufficient
flow was going through the intestine. The 11L bucket was filled halfway (approx. 5.5L);
the intestine was then removed and remaining water was squeezed into the bucket. The
first half of intestine was then discarded and the procedure was repeated with second half.
Once both lengths of intestine were flushed into the 11L bucket, the intestinal contents
were allowed to settle for five minutes. The contents of the bucket were then slowly
poured over a 30cm - 250µm geologic sieve (US Standard, Number 60). The contents left
in the sieve were then collected into a screw-top container (Starplex® Histoplex™
Histology O-Ring Container - 1000mL, nonsterile), filled with tap water and viewed
under a dissecting microscope (Wild Heerbrug: Wild M5A / Leica MZ6) on a ninecentimeter-square-grid marked petri dish (Appendix–A4). If the length of the intestine
was perforated anywhere, it was no longer able to hold water pressure and the flushing
technique was no longer effective. Perforated intestines were cut down the center along
the entire length within a 30cm-150µm geologic sieve (US Standard, Number 60). The
inside of the intestine was then rinsed with tap water while being gently rubbed clean
with a gloved hand (Nitrile, nonsterile), ensuring all contents went into the sieve. Sieve
contents were then collected in a screw-top container (Starplex® Histoplex™ Histology
O-Ring Container - 1000mL, nonsterile) and filled with approximately 750mL of tap
water.
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Fecal Analyses
The feces were used for Zinc Sulphate Centrifugal Flotation (ZnSO4): specific
gravity 1.18 (Appendix–A1) to detect parasite eggs, larvae and oocysts. This analysis was
used to increase the detection of parasites that could have been missed grossly and test
the agreement between the flushing techniques and the fecal flotation method. In short,
two grams of feces were dissolved in a small disposable cup with approximately 15
milliliters (mL) of distilled water. The solution was then passed through two layers of
cheesecloth into a new disposable cup to filter out the large particles – hair, plant
material, etc. The filtered solution was then poured into a 15 mL screw-cap test tube
(Fisherbrand 15 mL Plug Seal Cap, Cat. No. 05-539-4) and spun at 600g for 10 minutes
in a centrifuge (Thermoscientific Heraeus Megafuge 40 Centrifuge). The supernatant was
then poured off and approximately 7.5mL of ZnSO4 was poured back into the test tube.
The pellet was then re-suspended with a 6-inch long round wooden applicator stick and
7.5mL of ZnSO4 was added to fill the remainder of the tube. After adding ZnSO4 and resuspending the pellet, the tubes were then placed back in the centrifuge and spun for
another 10 minutes at 600g. The test tube was then taken out and placed on a test tube
rack where more ZnSO4 was added to the tube to form a positive meniscus. A 20x20
millimeter microscope cover slip was then placed on top of the test tube – over the
meniscus and allowed to sit for at minimum 20 minutes to allow flotation. The cover slip
was removed and placed directly on a new microscope slide and examined under a
compound light microscope. All eggs, cysts/oocysts and larvae, including spurious
parasites (parasite eggs/cysts from another host) and some pseudoparasites
(objects/organisms that resemble parasite larvae, eggs or cysts) were then identified and
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recorded based on external and internal morphology (Zajac & Conboy, 2012). Zinc
sulphate was chosen over the other flotation methods (sodium nitrate, sodium chloride,
magnesium sulphate and Sheather’s sugar solution) because of the ability to detect and
slow the degradation of Giardia sp., protozoan cysts/oocysts and nematode larvae (Zajac
& Conboy, 2012a; Bowman, 2014c).

4.3.2 - Statistical Analyses
Data collected were analyzed for summary statistics to describe parasites by year
and submission type. Summary statistics included parasite prevalence and median
intensity of the parasites. The means, standard deviations (SD) and maximums were also
calculated to further describe the intensities of the parasites. Median values were used to
describe parasite intensity, as many parasite intensity values were visually right-skewed
and not normally distributed (Shapiro-Wilk test for normality, p < 0.001). All summary
statistics were calculated in Stata, version 13.1 (StataCorp, 2013). Due to the nonnormality of the intensity data, non-parametric tests were used when comparing parasite
intensities between various groups and host variables. For all statistical analyses,
significance was set at p < 0.05.
Statistical differences in parasite prevalence between years were found by using a
logistic regression for each parasite in Stata version 13.1 (StataCorp, 2013).
Unconditional association between year and parasite prevalence was assessed by logistic
regression analysis. Logistic regression was chosen based on the type of data
(presence/absence) and to determine if year was a significant predictor for certain
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parasites’ prevalence (the outcome). Additionally, Bonferroni adjustments on pair-wise
comparisons were conducted after the regression to determine which year significantly
differed from another. All logistic models were also tested for goodness-of-fit by using
the Hosmer-Lemeshow Chi2 test to determine how well the model fit the data. Statistical
differences in parasite intensity between years were tested using the non-parametric
Kruskal-Wallis Equality-of-Populations Rank test. The Kruskal-Wallis test was chosen to
determine if the intensity of a particular parasite significantly differed from one year to
another by testing the null hypothesis that the groups’ (years) medians were the same.
These analyses were chosen and used because the data (intensity) were non-parametric
and there were more than two independant groups (year). Since the Kruskal-Wallis test
does not discriminate which groups (years) are significantly different from another, if
significance was found the Two-Sample Wilcoxon Rank-Sum test (or Mann-Whitney U
test) was used to assess significance between two groups (years) as this test determines if
there are significant differences between two groups (years). Bonferroni adjustments
were made after completing all Wilcoxon tests since multiple pair-wise analyses were
being performed.
Unconditional associations between parasite prevalence/intensity, submission
type (trapped/road-killed) and sex were also assessed in Stata, version 13.1 (StataCorp,
2013). Differences in prevalence and intensities between road-killed foxes and trapped
foxes were determined using Fisher’s Exact test and the Mann-Whitney U test,
respectively, on stratified data across submission type. Prevalence for each parasite was
compared to each submission type with the Fisher’s Exact test. The Pearson’s Chi2 was
not chosen due to the inability to work in both high and low cell counts (below 5). To
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assess the effect of host sex on parasite intensity the Mann-Whitney U Test was used.
The Mann-Whitney U test was chosen based on the non-normal distribution of the data
and to test if the parasites’ intensities differed between the two samples (sex).
Spatial-temporal trends in parasite prevalence were analyzed using SaTScan™
Version 9.4.2 (Kulldorff & Information Management Services, Inc., 2009) and mapped in
QGIS Version 2.16 (QGIS Development Team, 2016). More specifically, raw data were
imported into QGIS as a delineated text file. Those data were then layered over a PEI
County Line Polygon (.shp) (Department of Provincial Treasury, 2009) to visualize the
geopolitical boundaries for PEI. All mapping was done on the NAD83(CSRS98) / Prince
Edward Isl. Stereographic (NAD83) (depreciated) projection (EPSG:2291).
Retrospective scanning statistics were completed by use of the Bernouilli model
available in SaTScan™ Version 9.4.2 (Kulldorff, 1997; Kulldorff & Information
Management Services, Inc., 2009). These models were used to identify areas and time
periods with higher risk of individual parasites. The relative risk, as calculated by the
models, was derived from dividing the estimated risk within the cluster by the estimated
risk outside the cluster, was a measure used to show how much more common the disease
was within the cluster in comparison to what was outside the cluster (Kulldorff &
Information Management Systems, Inc., 2009). In these models, years were used as
temporal periods and the temporal window was set to 90% (the highest allowed setting),
to allow for maximum flexibility in identifying temporal combinations. Additionally, the
maximum spatial cluster size was set to 20% of the population at risk. Maximum spatial
cluster size was assessed at 1%, 5%, 10%, 20%, 30% and 50% of the population at risk
(as recommended by Pfeiffer et al., 2008). The final size was chosen based on four
141

criteria; (1) the size with the largest increase in simulated log likelihoods (i.e. how well
the model fits the data; Appendix–C5: D and C5: F); (2) visual inspection (goal was to
find local clusters and is consistent with the host/parasites’ biology); (3) consistency
throughout the analyses and with (4) previous studies (Deng et al., 2013; Vanderstichel et
al., 2015). The coordinates were converted to Cartesian from latitude/longitude in order
to allow for elliptical clusters. Elliptical clusters were chosen over the default circular
clusters because it was slightly more powerful for significant clusters that have a long and
narrow shape (Kulldorff et al., 2006; Kulldorff & Information Management Services,
Inc., 2009).
Diagnostic sensitivity and specificity tests were conducted by use of the “diagt”
command in Stata version 13.1 (StataCorp, 2013). This test determined the agreement
between the fecal flotation methodology and the flushing techniques. Diagnostic
sensitivity was the proportion of truly infected animals (in this study, determined by postmortem parasite recovery; i.e. assumed to be the gold-standard) that were correctly
identified by the test (ZnSO4 fecal flotation), whereas diagnostic specificity was the
proportion of true negative animals that were correctly identified by the fecal flotation
test (Altman & Bland, 1994; Dohoo 2009). In addition, further investigation on the false
positives were carried out by returning to the fecal data and identifying spurious parasites
with possible connections to the parasite(s) in question to generate hypotheses.
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4.4.0 – RESULTS
From June 14, 2014 to March 1, 2015, a total of 129 red fox carcasses were
examined for parasites, which included 113 from hunting/trapping and 16 from road kills.
Of these animals, 49 trapped/hunted in 2012 during the 2012/2013 season, 30 in 2013
during the 2013/2014 season and 34 from 2014 during the 2014/2015 season. There were
also 16 road-killed red foxes that were necropsied and examined for parasites. Of the 16
road-killed foxes, 11 were submitted during 2014 (May 6, 2014 – November 4, 2014) and
5 were submitted in 2015 (January 9, 2015 – February 25, 2015) (Table 4-1). Trapped
foxes in 2013 did not have sex recorded as they had been previously processed for
parasites and only the heart/lungs and intestines were saved for this study. Foxes obtained
were from Kings and Queens Counties on PEI – central/eastern parts of the Island (Figure
4-1). As such, these findings better reflect the parasite prevalence and intensity for the
foxes within these two counties.
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Table 4-1. The frequencies of red fox (Vulpes vulpes) carcasses by submission type and year that were examined for parasites. Sex
was not systematically recorded for all samples; missing data are marked with a dash (-).

Submission Type
2012
2013
2014
2015

n
49
30
45
5

Total
Trapped Road-Killed
49
0
30
0
34
11
0
5
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n
11
0
23
0

Male
Trapped Road-Killed
11
0
0
19
4
0
0

n
18
0
17
2

Female
Trapped Road-Killed
18
0
0
15
2
0
2

Figure 4-1. The locations of all trapped and road-killed red foxes Vulpes vulpes (2012, 2013 and 2014 seasons) on Prince Edward
Island. Pie charts represent the parasites found within an individual fox or multiple foxes trapped at the same location.
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4.4.1 – Prevalence and Intensity of Respiratory Parasites
Of the 113 trapped and 16 road-killed foxes, parasite recovery on the respiratory
tracts was performed on 30 foxes from the 2012 and 4 from 2014: respiratory tracts from
the 2013/2014 season and most of the respiratory tracts in 2014, were used for another
concurrent study on Crenosoma vulpis. Three of the 16 road-killed foxes had respiratory
tracts suitable for parasite recovery; all others were destroyed during impact. There were
two species of parasites recovered, C. vulpis and Eucoleus aerophilus. The combined
overall prevalence for C. vulpis was 86.5% and for E. aerophilus it was 40.5% (Table 42). There were no statistical differences in prevalence between all years for C. vulpis and
E. aerophilus (Logistic Regression, n = 34, p > 0.05).
Both road-kill and hunted/trapped foxes were infected with both C. vulpis and E.
aerophilus with median intensities ranging from 11 to 65 and 0 to 15.5, respectively and
as many as 450 C. vulpis and 30 E. aerophilus recovered from a fox (Table 4-2). Mean
intensity for C. vulpis ranged from 22.5 – 67.5, whereas E. aerophilus ranged from 1.4 –
15. Maximum intensity for C. vulpis and E. aerophilus ranged from 64 – 450 and 2 – 30,
respectively. There was no significant difference in parasite intensity between years for
C. vulpis (Kruskal – Wallis Equality-of-Populations Rank test, n = 34, p = 0.70. There
was a significant difference in parasite intensity for E. aerophilus between 2012 and 2014
(Kruskal – Wallis Equality-of-Populations Rank test n = 34, p = 0.028).
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Table 4-2. The respiratory parasite prevalence and intensity found in both trapped and road-killed red foxes (Vulpes vulpes) in Prince
Edward Island, Canada. Prevalence values are expressed in percentage as: prevalence (95% confidence interval). Intensity values are
expressed as parasite median (maximum) [mean, SD].

Year
2012
2014
2015
Overall
Combined Overall

Submission Type Number
Trapped
Road-killed
Trapped
Road-killed
Trapped
Road-killed
Trapped
Road-killed

30
0
4
1
0
2
34
3
37

Parasite Prevalence (%)
Parasite Intensity
Crenosoma vulpis Eucoleus aerophilus
Crenosoma vulpis
Eucoleus aerophilus
86.7 (69.3 – 96.2)
26.7 (12.2 – 45.9) 11 (450) [67.5, 124.5]
0 (14) [1.4, 3.2]
N/A
N/A
N/A
N/A
75 (19.4 – 99.3)
100 (40.0 – 100)
12 (66) [22.5, 29.8]
5.5 (18) [7.7, 7.6]
100 (2.5 – 100)
100 (2.5 – 100)
65 (65) [65, -]
2 (2) [2, -]
N/A
N/A
N/A
N/A
100 (15.8 – 100)
100 (15.8 – 100)
41 (64) [41, 32.5]
15.5 (30) [15.5, 20.5]
85.3 (68.9 – 95.0)
35.3 (19.7 – 53.5) 11 (450) [62.2, 118.0]
0 (18) [2.1, 4.3]
100 (29.2 – 100)
100 (29.2 – 100)
64 (65) [49, 26.8]
2 (30) [11, 16.5]
86.5 (71.2 – 95.5)
40.5 (24.7 – 57.9) 12 (450) [61.2, 113.2]
0 (30) [2.9, 6.1]
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4.4.2 – Prevalence and Intensity of Intestinal Parasites
Of the 113 trapped and 16 road-killed red foxes, parasite recovery on the
intestinal tracts was performed on 43 foxes from the 2012, 30 from the 2013 and 34 from
2014. There were, at minimum, seven species of parasites found, including; Alaria alata,
Cryptocotyle lingua, Himasthla sp., Stephanoprora sp., Taenia sp. Toxocara canis and
Uncinaria stenocephala. One Taenia sp. specimen was identified as Taenia crassiceps;
however, all other Taenia sp. specimens had rostellum hooks missing or completely
absent, which made identification to species, via morphology, extremely difficult. The
two genera, Himasthla sp. and Stephanoprora sp. were combined into their Family group,
Echinostomatidae (Echinostome), due to very low numbers.
Within the 113 trapped foxes, the foxes trapped in 2012, 2013, and 2014 had
91.8%, 96.7% and 91.2% overall intestinal infection prevalence, respectively: indicating
almost every fox harbored at least one intestinal parasite of any species (Table 4-3). The
road-killed foxes had an overall prevalence of 75% (for any parasite), and infection
prevalence of 81.8% and 60% in 2014 and 2015, respectively (Table 4-3). Overall,
individual parasite prevalence within the trapped foxes ranged from 14.2%
(Echinostome) to 55.7% (Taenia sp.). Individual parasite prevalence within the roadkilled foxes ranged from 6.2% (Echinostome) to 62.5% (Uncinaria stenocephala) (Table
4-4).
Median intestinal parasite intensity for the trapped foxes ranged from zero to four
parasites while maximum intestinal parasite intensity ranged from 11 (Echinostome)
parasites to 2022 (C. lingua) (see Table 4-5). The road-killed foxes had a median parasite
intensity ranging from zero to 1.5 parasites; whereas the trapped foxes had a range of 0 148

4. [Echinostomes] to 24.5 (SD = 69.8) [Alaria alata]. Maximum parasite intensity in the
road-killed foxes ranged from two to 363 (Table 4-5).
The logistic regression analyses found that year was a significant predictor of
prevalence for the Echinostomes (Logistic Regression, p = 0.005, n = 129), where 2013
was significantly higher than 2014 (Bonferroni pair-wise comparison, p = 0.041, n = 129)
(Figure 4-2). No other significant differences between years were found for any other
parasite. Significant differences in intensity between the 2012 and 2013 years were found
for Taenia sp. (Kruskal-Wallace Equality of Populations Rank test, n = 113, p = 0.006).
It was found that the prevalences of Taenia sp. and Cryptocotyle lingua (Table 44) were significantly higher in trapped foxes than in road-killed foxes (n = 129, Fisher’s
Exact test, p = 0.020; n = 129, Fisher’s Exact test, p = 0.048; respectively); no other
statistical differences were found between road-killed and trapped fox parasite
prevalence.
The intensities of Taenia sp. and Cryptocotyle lingua (Table 4-5) were also found
to be significantly higher in the trapped foxes than in the road-killed foxes (n = 129,
Mann-Whitney U test, p = 0.018; n = 129, Mann-Whitney U test, p = 0.030;
respectively); no other significant differences for parasite intensities were found between
road-killed and trapped foxes.
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Table 4-3. The intestinal parasite prevalence of any intestinal parasite within trapped and road-killed red foxes (Vulpes vulpes) in
Prince Edward Island, Canada. Prevalence values are expressed in percentage as: prevalence (95% confidence interval) and cases were
defined as a fox with any parasite present.

Year
2012
2013
2014
2015
Overall

Submission Type
Trapped
Road-killed
Trapped
Road-killed
Trapped
Road-killed
Trapped
Road-killed
Trapped
Road-killed

Combined Overall
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Number
49
0
30
0
34
11
0
5
113
16
129

Total Cases
45
0
29
0
31
9
0
3
105
12
117

Prevalence
91.8 (79.5 – 97.0)
N/A
96.7 (77.8 – 99.6)
N/A
91.2 (74.8 – 97.3)
81.8 (42.0 – 96.6)
N/A
60 (8.1 – 96.2)
92.9 (86.3 – 96.5)
75 (45.7 - 91.4)
90.7 (84.2 – 94.7)

Table 4-4. The individual intestinal parasite prevalence of trapped and road-killed red foxes (Vulpes vulpes) in Prince Edward Island,
Canada. Values are expressed in percentage as: prevalence (95% confidence interval).

Year

2012

2013

2014

2015

Overall

Submission Type

Trapped

b

49

Parasite Prevalence (%)
A. alata

C. lingua

Echinostomes

Taenia sp.

T. canis

U. stenocephala

51 (36.8 – 65.0)

38.8 (25.9 – 53.5)

12.2 (5.4 – 25.2)

49.0 (34.9 – 63.1)

30.6 (19.0 – 45.3)

46.9 (33.1 – 61.3)

Road-killed

0

N/A

N/A

N/A

N/A

N/A

N/A

Trapped

30

53.3 (34.8 – 71.0)

66.7 (47.2 – 81.7)

30 (15.8 – 49.5)

70 (50.5 – 84.2)

53.3 (34.8 – 71.0)

63.3 (44.0 – 79.2)

Road-killed

0

N/A

N/A

N/A

N/A

N/A

N/A

Trapped

34

32.3 (18.3 – 50.5)

52.9 (35.6 – 69.6)

2.9 (0.4 – 19.8)

52.9 (35.6 – 69.6)

32.3 (18.3 – 50.5)

50 (33.0 – 67.0)

Road-killed

11

36.4 (11.7 – 71.2)

18.2 (3.4 – 58.0)

0

18.2 (3.4 – 58.0)

9.1 (0.8 – 53.7)

72.7 (35.4 – 92.8)

Trapped

0

N/A

N/A

N/A

N/A

N/A

N/A

Road-killed

5

20 (0.7 – 88.9)

40 (3.8 – 92.0)

20 (0.7 – 88.9)

40 (3.8 – 92.0)

40 (3.8 – 92.0)

40 (3.8 – 92.0)

113

46.0 (36.9 – 55.4)

50.4 (41.2 – 60.0)

14.2 ( 8.8 – 22.0)

55.7 (46.4 – 64.7)

37.1 (28.6 – 46.6)

52.2 (42.9 – 61.4)

16

31.25 (12.2 – 59.8)

25 (8.5 – 54.3)

6.2 (0.7 – 39.3)

25 (8.5 – 54.3)

18.7 (5.3 – 48.6)

62.5 (34.8 – 83.9)

129

44.2 (35.7 – 53.0)

47.3 (38.7 – 56.0)

13.2 (8.3 – 20.3)

51.9 (43.2 – 60.5)

34.9 (27.1 – 43.6)

53.5 (44.7 – 62.0)

Trapped
Road-killed

Combined Overall
a

n

a

a

b

b

Significant difference in prevalence between trapped and road-killed red foxes for C.lingua (Fisher’s exact test, n = 129, p = 0.048).
Significant difference in prevalence between trapped and road-killed red foxes for Taenia sp. (Fisher’s exact test, n = 129, p = 0.020).

151

Table 4-5. The intestinal parasite intensity of trapped and road-killed red foxes (Vulpes vulpes) in Prince Edward Island, Canada.
Values are expressed as: parasite median (maximum) [mean, SD].

Year

2012

2013

2014

2015

Overall

Submission Type

Trapped

49

Parasite Intensity
A. alata

C. lingua

Echinostome

Taenia sp.

T. canis

U. stenocephala

1 (65) [7.4, 15.2]

0 (826) [43.4, 125.7]

0 (93) [2.4, 13.4]

0 (61)[5.9, 12.8]

0 (9) [0.9, 2.1]

0 (58) [4.6, 9.6]

Road-killed

0

N/A

N/A

N/A

N/A

N/A

N/A

Trapped

30

1.5 (220) [21.4, 48.1]

13.5 (388) [63.5, 100.0]

0 (14) [1.5, 3.6)

10.5 (74) [18.6, 21.9]

1 (10) [1.9, 3.0]

1 (25) [4.0, 6.0]

Road-killed

0

N/A

N/A

N/A

N/A

N/A

N/A

Trapped

34

0 (128) [7.5, 22.8]

1 (2022) [85.7, 346.0]

0 (3) [0.1, 0.5]

5 (65) [9.3, 13.5]

0 (11) [1.2, 2.6]

0.5 (40) [3.8, 7.6]

Road-killed

11

0 (272) [33.6, 83.6]

0 (2) [0.3, 0.6]

0 (0) [0, 0]

0 (2) [0.3, 0.6]

0 (1) [0.1, 0.3]

3 (22) [5.4, 7.3]

Trapped

0

N/A

N/A

N/A

N/A

N/A

N/A

Road-killed

5

0 (22) [4.4, 9.8]

0 (363) [73.2, 162.0]

0 (2) [0.4, 0.9]

0 (363) [73.6, 161.8]

0 (7) [2, 3.1]

0 (14) [3, 6.2]

0 (11) [1.3, 2.5]

1 (58) [4.2, 8.1]

0 (7) [0.7, 1.8]

1.5 (22) [4.6, 6.8]

0 (11) [1.2, 2.4]

1 (58) [4.3, 9.0]

Trapped
Road-killed

Combined Overall
a

n

113

0 (220) [11.1, 29.8]

1 (2022) [61.5, 212.0]

a

a

0 (93) [1.5, 9.0]

4 (74) 10.3, 16.6]

b
b

16

0 (272) [24.5, 69.8]

0 (363) 23.1, 90.6)

0 (2) [0.1, 0.5)

0 (363) [23.2, 90.6]

129

0 (272) [12.8, 37.0]

0 (2022) [56.7, 201.1]

0 (93) [1.3, 8.4]

3 (363) [11.9, 35.0]

Significant difference in intensity between trapped and road-killed red foxes for C.lingua (Mann-Whitney U test, n = 129, p = 0.030).
Significant difference in intensity between trapped and road-killed red foxes for Taenia sp. (Mann-Whitney U test, n = 129, p =
0.018).
b
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Figure 4-2. The estimated prevalence (logistic regression, p = 0.005) of the Echinostomes (the combination of Himasthla sp. and
Stephanoprora sp.) found within the intestine of red foxes (Vulpes vulpes) on Prince Edward Island. Significant difference was found
in prevalence between the years of 2013 and 2014, indicated by askarisk (Bonferroni pair-wise analyses, p = 0.041)
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4.4.3 – Sex
The sex of the red foxes was not recorded for all 129 animals, leaving a total of 71
animals (Table 4-1): 29 from 2012, 34 from the 2014, and 8 road-killed. The combined
(both road-killed and trapped foxes) total intensity of the respiratory parasites did not
significantly differ between males and females (Mann-Whitney U test, n = 25, p = 0.53),
nor did the total intensity of intestinal parasites significantly differ between males and
female (Mann-Whitney U test, n = 71 p= 0.67). Sex also did not significantly influence
the intensity of the individual parasites, both respiratory and intestinal (Mann-Whitney U
test, n = 25, p > 0.05; Mann-Whitney U test, n = 71, p > 0.05; respectively). Sex did not
have a significant influence on the total respiratory or intestinal prevalence either
(Fisher’s Exact test, n = 71, p = 0.06; Fisher’s Exact test, n = 25, p = 0.12; respectively).
The individual respiratory or intestinal parasites’ prevalence were also not significantly
affected by sex (Fisher’s Exact test, n = 25, p > 0.05; Fisher’s Exact test, n = 71, p > 0.05;
respectively).
Sex did not have a significant effect on the prevalence or intensity of individual
parasite species and total parasite prevalence in the trapped foxes (Fisher’s Exact test, n =
63, p > 0.05; Mann-Whitney U test, n=63, p > 0.05; respectively); nor did sex have an
effect on the individual parasite species and total parasite prevalence or intensity in the
road-killed foxes (Fisher’s Exact test, n = 8, p > 0.05; Mann-Whitney U test, n = 8, p >
0.05; respectively).
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4.4.4 – Spatial Analyses for both Respiratory and Intestinal Parasites
Spatial analyses were conducted to investigate central and eastern parasite
distributions, which included both road-killed and trapped submissions. Spatial analyses
were completed with samples (foxes) for which location tags were present, and this
totaled 104 samples: 48 for 2012, 22 for 2013 and 34 from 2014. These sample numbers
(n) are slightly less than the prevalence and intensity sample numbers, as some foxes did
not come with a trapping location tag. The descriptive spatial analysis (Figure 4-1) shows
the red fox parasites from Kings and Queens Counties, PEI (excluding Prince County).
The intestinal parasite Alaria alata (A. alata) was found to have a spatial cluster,
which was statistically significant (Retrospective Scan Statistic, p < 0.001). These
clusters of A. alata had a relative risk of 2.69 (Figure 4-3; Appendix–C4), which means
that they are 2.69 times more likely to be found within the cluster than outside. The
parasite, A. alata, was also found to have a significant spatial-temporal correlation during
the 2012-trapping season to the end of the 2013-trapping season (Retrospective Scan
Statistic, p < 0.001) and had a relative risk of 3.18. The Echinostomes were also found to
have a significant spatial-temporal correlation during the 2012-trapping season to the end
of the 2013 trapping season (p = 0.03) and had a relative risk value of 10.12. There were
no other significant clusters detected.
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Figure 4-3. Red fox (Vulpes vulpes) trapping locations and clusters of parasites on Prince Edward Island. Clusters shown are
statistically significant (p < 0.05) according to retrospective Bernoulli analyses in SaTScan. Significant spatial-temporal correlation
for both A. alata and the echinostomes was from 2012 to 2013.
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4.4.5 – Fecal Analyses
Fecal examinations of the necropsied animals were performed to detect parasites
that do not infect the intestines or lung/trachea of the foxes or are smaller than the mesh
of the sieve (protozoa). Eighty-one fecal flotations were conducted (37 from the 2012
foxes, 35 on the 2014 foxes and 9 on the road-killed foxes) in this study. Prevalence of
the different parasites ranged from 1.2% (Taenia sp.) to 35.8% (Crenosoma vulpis)
(Table 4-6). Seven spurious parasites were recorded in the fecal flotation. The earthworm
parasite, Monocystis sp. was most prevalent (28.4%), whereas Callodium (Capillaria)
hepaticum and rodent pinworm was least prevalent (1.2%) (Table 4-7).
Cystoisospora sp. oocysts were identified based on size as C. canis (34-42 x 2733µm) or C. ohioensis–complex (21-32 x 19-27µm). Cystoisospora ohioensis-complex
consists of 4 species (C. burrowsi, C. ohioensis, C. neorivolta, C. vulpina) in which the
oocysts cannot be reliably differentiated from each other due to overlapping size ranges
(Duszynski et al., 2000; Zajac and Conboy, 2012h).
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Table 4-6. The prevalence of each parasite found within the fecal flotation exams for the necropsied red foxes (Vulpes vulpes).
Prevalence values are expressed in percentage as: prevalence (95% confidence interval).

Year

2012

2014

2015

Overall

Combined Overall

Submission Type

Trapped

Road-killed

Trapped

Road-killed

Trapped

Road-killed

Trapped

Road-killed

n

37

0

35

6

0

3

72

9

81

Aonchotheca putorii

5.4 (1.3 - 20.3)

N/A

54.3 (37.1 - 70.5)

16.7 (0.9 - 81.4)

N/A

33.3 (0.0 - 99.7)

29.2 (19.7 - 40.9)

22.2 (3.9 - 67.0)

28.4 (19.5 - 39.4)

Alaria sp.

21.6 (10.8 - 38.5)

N/A

31.4 (17.8 - 49.3)

33.3 (4.2 - 85.1)

N/A

66.7 (0.3 - 99.9)

26.4 (17.3 - 38.0)

44.4 (13.4 - 80.5)

28.4 (19.5 - 39.4)

Crenosoma vulpis

18.9 ( 9.0 - 35.6)

N/A

42.9 (27.0 - 60.3)

83.3 (18.6 - 99.1)

N/A

66.7 (0.3 - 99.9)

30.6 (20.8 - 42.4)

77.8 (33.0 - 96.1)

35.8 (26.0 - 47.0)

Cryptocotyle lingua

0

N/A

20 (9.5 - 37.4)

0

N/A

33.3 (0.0 - 99.7)

9.7 (4.6 - 19.3)

11.1 (0.9 - 62.6)

9.9 (4.9 - 18.8)

Cystoisospora canis

0

N/A

14.3 (5.8 - 31.1)

16.7 (0.9 - 81.4)

N/A

0

6.9 (2.9 - 15.9)

11.1 (0.9 - 62.6)

7.4 (3.3 - 15.8)

Cystoisospora ohioensis-complex

0

N/A

17.1 (7.5 - 34.3)

83.3 (18.6 - 99.1)

N/A

0

8.3 (3.7 - 17.6)

55.6 (19.5 - 86.6)

13.6 (7.6 - 23.1)

Eucoleus aerophilus

13.5 (5.5 - 29.6)

N/A

31.4 (17.8 - 49.3)

50 (9.2 - 90.1)

N/A

33.3 (0.0 - 99.7)

22.2 (13.9 - 33.5)

44.4 (13.4 - 80.5)

24.7 (16.4 - 35.4)

Eucoleus boehmi

18.9 (9.0 - 35.6)

N/A

31.4 (17.8 - 49.3)

50 (9.2 - 90.1)

N/A

66.7 (0.3 - 99.9)

25 (16.2 - 36.5)

55.6 (19.5 - 86.6)

28.4 (19.5 - 39.4)

Sarcocystis sp.

16.2 (7.2 - 32.6)

N/A

17.1 (7.5 - 34.3)

0

N/A

0

16.7 (9.6 - 27.4)

0

14.8 (8.5 - 24.5)

Taenia sp.

2.7 (0.3 - 18.3)

N/A

0

0

N/A

0

1.4 (0.2 - 9.6)

0

1.2 (0.2 - 8.6)

Toxocara canis

10.8 (3.9 - 26.5)

N/A

28.6 (15.6 - 46.4)

0

N/A

33.3 (0.0 - 99.7)

19.4 (11.7 - 30.5)

11.1 (0.9 - 62.6)

18.5 (11.4 - 28.7)

Uncinaria stenocephala

2.7 (0.3 - 18.3)

N/A

54.3 (37.1 - 70.5)

66.7 (14.9 - 95.8)

N/A

33.3 (0.0 - 99.7)

27.8 (18.5 - 39.5)

55.6 (19.5 - 86.6)

30.8 (21.6 - 41.9)
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Table 4-7. The prevalence of each spurious parasite found within the fecal flotation exams for the necropsied red foxes (Vulpes
vulpes). Prevalence values are expressed in percentage as: prevalence (95% confidence interval).

Year

2012

2014

2015

Overall

Combined Overall

Submission Type

Trapped

Road-killed

Trapped

Road-killed

Trapped

Road-killed

Trapped

Road-killed

n

37

0

35

6

0

3

72

9

81

Anoplocephalid

2.7 (0.3 - 18.3)

N/A

11.4 (4.1 - 27.8)

16.7 (0.9 - 81.4)

N/A

0

6.9 (2.9 - 15.9)

11.1 (0.9 - 62.6)

7.4 (3.3 - 15.8)

Callodium hepaticum

0

N/A

2.8 (0.4 - 19.2)

0

N/A

0

1.4 (0.2 - 9.6)

0

1.2 (0.2 - 8.6)

Demodex sp.

0

N/A

5.7 (1.3 - 21.4)

16.7 (0.9 - 81.4)

N/A

0

2.8 (0.7 - 10.8)

11.1 (0.9 - 62.6)

3.7 (1.2 - 11.1)

Eimeria sp.

5.4 (1.3 - 20.3)

N/A

28.6 (15.6 - 46.4)

0

N/A

0

16.7 (9.6 - 27.4)

0

14.8 (8.5 - 24.5)

Monocystis sp.

24.3 (12.7 - 41.4)

N/A

22.9 (11.4 - 40.1)

83.3 (18.6 - 99.1)

N/A

33.3 (0.0 - 99.7)

23.6 (15.0 - 35.0)

66.7 (26.2 - 91.8)

28.4 (19.5 - 39.4)

Rodent Pinworm

0

N/A

11.4 (4.1 - 27.8

16.7 (0.9 - 81.4)

N/A

0

5.6 (2.0 - 14.2)

11.1 (0.9 - 62.6)

6.2 (2.5 - 14.2)

Spurious Strongyle

0

N/A

2.8 (0.4 - 19.2)

0

N/A

0

1.4 (0.2 - 9.6)

0

1.2 (0.2 - 8.6)
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When examining the fecal flotation data and necropsy survey data (gold standard
for helminth parasites), it was found that the necropsy survey showed a higher prevalence
for every helminth parasite almost every time (Table 4-8). There were 131 times when
the intestinal flush found a helminth parasite the fecal float did not. However, there were
16 instances where fecal analyses detected a parasite and the necropsy survey did not.
The fecal exams did, however show different sensitivities and specificities depending on
the parasite. Sensitivity ranged from 20.6% (C. lingua) to 62.5% (A. alata) and
specificity ranged from 75.7% (U. stenocephala) to 97.7% (C. lingua) (Table 4-9). The
tapeworm Taenia sp. was most frequently found (42%; 55/131) in the necropsy survey
but not in the fecal flotation. Whereas, Uncinaria stenocephala was the parasite most
frequently found in the flotation but not in the necropsy survey (68.75%; 11/16). The
parasites Cystoiospora canis, Cystoisospora ohioensis-complex and Sarcocystis sp. were
found in the fecal flotation but not at necropsy. The Echinostomes and Taenia sp. were
found in the necropsy survey but not in the fecal flotation.
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Table 4-8. The prevalence of each parasite for the two survey types performed in this study, necropsy surveying and the fecal flotation
methods. Values are presented in percentages. An asterisk (*) indicates where the fecal flotation analyses showed a higher prevalence
than the necropsy survey. Respiratory parasites have sample numbers [n] in parentheses beside prevalence. Prevalence values are
expressed in percentage as: prevalence (95% confidence interval).

Year

2012

2013

2014

2015

Overall

Survey Type

n

Parasite Prevalence
A. alata

C. vulpis

C. lingua

E. aerophilus

Taenia sp.

T. canis

U. stenocephala

Necropsy

49

51.0 (36.8 – 65.0)

86.7 (69.3 – 96.2) [n = 30]

38.8 (25.9 – 53.5)

26.7 (12.2 – 45.9) [n = 30]

49.0 (34.9 – 63.1)

30.6 (19.0 – 45.3)

46.9 (33.1 – 61.3)

Fecal

35

22.9 (11.4 – 40.5)

14.3 (5.8 – 31.1)

0

14.3 (5.8 – 31.1)

0

11.4 (4.1 – 27.8)

8.6 (2.6 – 24.6)

Necropsy

30

53.3 (34.8 – 71.0)

N/A [n = 0]

66.7 (47.2 – 81.7)

N/A [n = 0]

70 (50.5 – 84.2)

53.3 (34.8 – 71.0)

63.3 (44.0 – 79.2)

Fecal

0

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Necropsy

45

33.3 (20.8 – 48.8)

80 (11.1 – 99.2) [n = 5]

44.4 (30.2 – 59.6)

100 [n = 5]

44.4 (30.3 – 59.6)

26.7 (15.4 – 42.0)

55.6 (40.4 – 69.7)

Fecal

41

31.7 (18.9 – 48.0)

48.8 (33.4 – 64.3)

17.1 (8.1 – 32.5)

36.6 (22.9 – 52.8)

0

24.4 (13.3 – 40.4)

58.5* (42.4 – 73.0)

Necropsy

5

20 (0.7 – 88.9)

100 (15.8 – 100) [n = 2]

40 (3.8 – 92.0)

100 (15.8 – 100) [n = 2]

40 (3.8 – 92.0)

40 (3.8 – 92.0)

40 (3.8 – 92.0)

Fecal

3

66.7* (0.3 – 99.9)

66.7 (0.3 – 99.9)

33.3 (0.0 – 99.7)

33.3 (0.0 – 99.7)

0

33.3 (0.0 – 99.7)

33.3 (0.0 – 99.7)

Necropsy

129

44.2 (35.7 – 53.0)

86.5 (71.2 – 95.5) [n = 37]

47.3 (38.7 – 56.0)

40.5 (24.7 – 57.9) [n = 37]

51.9 (43.2 – 60.5)

34.9 (27.1 – 43.6)

53.5 (44.7 – 62.0)

Fecal

79

29.1 (20.0 – 40.3)

34.2 (24.4 – 45.5)

10.1 (5.1 – 19.2)

26.6 (17.8 – 37.6)

0

19.0 (11.6 – 29.4)

35.4 (25.5 – 46.8)
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Table 4-9. The agreement (sensitivity and specificity) of the zinc sulphate centrifugal fecal flotation technique based on the necropsy
diagnosis (assumed to be the gold-standard) done either by lung flush or intestinal flush. Askarisks represent respiratory parasites.
Parasite

Number of foxes for analyses

Number of Cases (percent of total number of foxes)

Sensitivity

Specificity

Estimate (%)

95% CI

Estimate (%)

95% CI

Alaria sp.

78

23 (29.5)

62.5

43.7 – 78.9

93.5

82.1 – 98.6

Crenosoma vulpis*

35

8 (22.9)

28

12.1 - 49.4

90

55.5 - 99.7

Cryptocotyle lingua

78

8 (10.3)

20.6

8.7 – 37.9

97.7

88 - 99.9

Eucoleus aerophilus*

35

4 (11.4)

22.2

2.81 - 60

92.3

74.9 - 99.1

Toxocara canis

78

15 (19.2)

47.8

26.8 – 69.4

92.7

82.4 – 98

Uncinaria stenocephala

78

28 (35.9)

46.3

30.7 – 62.6

75.7

58.8 - 88.2
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4.5.0 – DISCUSSION

4.5.1 – Post-Mortem Parasite Recovery
This study shows seven different intestinal parasites and two species of
respiratory parasite infecting the red fox (Vulpes vulpes) in central and eastern Prince
Edward Island (PEI). The two species of respiratory parasite found have been previously
reported on PEI by Navarez et al. (2005). Of the seven intestinal parasitic helminths
found in the current study, Swales (1933) previously reported Alaria alata, Wapenaar et
al. (2013) had reported Alaria sp., C. lingua, T. canis and U. stenocephala and Whipp et
al. (2017) reported Taenia crassiceps on PEI. This study represents the first reports of
Himasthla sp. and Stephanoprora sp. in red foxes on PEI.
Overall, the parasite prevalence and intensities found within the foxes had some
variation and similarities to prevalence reported by other studies done on the red fox
populations in north-eastern North America (Table 4-10) (Goble & Cook, 1942; Rankin,
1946; Smith & Threlfall, 1973; Smith, 1978; Navarez et al., 2005; Wapenaar et al.,
2013). The results of high infection levels presented in this chapter (90.7% of samples
infected of at least one parasite) are also consistent with chapter 3 (Table 4-10).
Additionally, the rectal-fecal examination results are consistent with the parasite species
and prevalence found in wild collected scat. The parasite prevalence results of this
chapter and of chapter 3 are, however very difference from those of dogs in humane
societies across Canada. These dogs were found to have an overall infection prevalence
of 33.9% with individual parasite prevalence ranging from 0.7% (Capillarid eggs) -
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12.7% (Toxocara canis) (n = 1200) (Villeneuve et al., 2015). It is also possible that
environmental contamination from infected dogs may also increase exposure of various
parasites to red foxes.
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Table 4-10. The percent prevalence of parasites found in this study compared to previous studies in north-eastern North America.
Parasites that are present and reported in a study but do not have a prevalence are indicated by a “+”.
Source

Present Study (Chapter 4)

Province/Statea

Study Type

Number of Foxes

Parasite (% Prevalence)
Alaria sp.

C. vulpis

C. lingua

E. aerophilus

Echinostomes

Taenia sp.

T. canis

13.2

51.9

34.9

53.5

19.0

35.4

9.9

47.5

PE

Necropsy

129

44.2

86.5

47.3

40.5

PE

Fecal

81

29.1

34.2

10.1

26.6

PE

Fecal

263

27.0

39.2

9.5

25.9

PE

Review

Goble & Cook, 1942

NY

Necropsy

190

21.0

36.0

Rankin, 1946

MA

Necropsy

4

25.0

50.0

Smith and Threlfall, 1973

NL

Necropsy

3

33.3

Smith, 1978

NB & NS

Necropsy

61

54.1

Appleyard et al., 1998

PE

Necropsy

208

Navarez et al., 2005

PE

Fecal

51

Wapenaar et al., 2013

PE

Fecal

271

Whipp et al., 2017

PE

Necropsy

1

Present Study (Chapter 3)
Swales,

1932b

1.5

T. spiralis

+

U. stenocephala

+

14.7

67.2

50.8

25.0

100.0

70.5

70.5
0.98

78.4
11.4

68.6
12.6

25.1

56.1

+

a. Provinces and states listed: Massachusetts, USA (MA), Newfoundland and Labrador, Canada (NL), New Brunswick, Canada (NB), Nova Scotia, Canada (NS),
New York, USA (NY) and Prince Edward Island, Canada (PE).
b. Prevalence and number of foxes not reported.
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In this chapter (4), the most prevalent intestinal parasite found within the foxes
was Uncinaria stenocephala (53.5%), whereas the least prevalent was the Echinostomes
(13.2%). The difference in prevalence between U. stenocephala and the Echinostomes is
fairly large; however it is expected based on the life-cycle of the parasites. The two
Echinostome genera found in this study (Himasthla and Stephanoprora) have multiple
intermediate hosts (obligatory host in which parasite development occurs) including
gastropods, fish, bivalves and annelids but both have definitive hosts (the animal in
which the adult parasite stages and sexual reproduction occurs) of birds and mammals
(Fried, 2001). A possible reason for the lower prevalence in Echinostomes could be
linked to food availability. Foxes have relatively small home ranges of 0.444 – 1.4063
square kilometers (km2), with core areas between 0.072 and 0.501 km2, which indicates
the foxes that live near a coast would have access to the marine bivalves and annelids,
whereas inland foxes wouldn’t have as much accessibility to such prey resources (Silva et
al., 2009; Lambe, 2016c). Echinostomes are also frequently recovered from marine birds
in Prince Edward Island and the Echinostomes found within the foxes are likely to be
bird parasites (Gary Conboy, personal communication). These Echinostome parasites can
incidentally infect foxes (an aberrant host) (Fried, 2001) however, they will generally
pass through the fox, as it isn’t quite as suitable as birds for the parasite. Because of food
availability to the foxes and host suitability, the infection prevalence was overall lower
across years. Despite the overall prevalence being low (13.2%), a significant and large
difference in Echinostome prevalence between 2013 (30.0%) and 2014 (2.9%) was
found, which could be explained by the fox trapping locations of the two years. The
majority of the trapping locations in 2013 (19/21) were very close to a waterway or the
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Gulf of St. Lawrence; whereas, in 2014, the trapping locations were slightly more evenly
distributed between inland and waterside (Figure 4-3). The Echinostomes were also
found to have significant spatial and temporal correlations (p < 0.05). The location of this
cluster is consistent with the biology of the parasites: they require both a gastropod as a
first intermediate host (marine gastropods, specifically for Himasthla sp.) and, as a
second intermediate host, they require a freshwater/brackish/marine teleost
(Stephanoprora sp.) or a marine bivalve, gastropod or annelid (Himasthla sp.) (Fried,
2001). This significant spatial and temporal cluster of the echinostomes indicates both the
presence of the parasite in foxes and intermediate hosts in this area, and that foxes are
consuming the intermediate hosts to continue the life cycle of the parasite. The cluster
also indicates the foxes in this area are found to have more of the parasite than other areas
sampled during 2012 and 2013.
The high prevalence of Crenosoma vulpis and lack of temporal and spatial
differences was as expected. Previous work with C. vulpis in red foxes on PEI also
consistently showed a high prevalence of this nematode (Navarez et al., 2005). The lack
of temporal and spatial differences is likely due to accessibility of the intermediate host
for this parasite – a terrestrial gastropod. Previous work on the suitability of the different
terrestrial gastropods through experimental infection show this nematode can develop in
a large variety of species, making transmission to foxes both widespread and consistent
(Anderson, 2000a; Gary Conboy, unpublished data). The other respiratory parasite,
Eucoleus aerophilus, was found to have a temporal difference between the years of 2012
and 2014. Very little is known about this parasite’s life cycle. There have been
implications that an earthworm is the intermediate host, however it has not been

167

confirmed (Borokova, 1947; Anderson, 2000b). This leaves the explanation to this
temporal difference to speculation. If the earthworm was the intermediate host for this
parasite, it could be speculated that the foxes had a difference in diet between the two
years. However, the far more likely reason for the difference is the foxes from 2012 had
been frozen for three years and the parasites were likely damaged to the point of being
unrecognizable after being frozen for so long.
The significant spatial-temporal correlation of Alaria alata showed a higher rate
of infection during the 2012 and 2013 trapping seasons (p < 0.05). This could also be due
to trapping location and the time at which the hunter/trapper was using that particular
area. However, it is not known if 2012/2013 is an increase from the normal level or if
2014/2015 is a decrease from the normal levels since there have been no previous studies
using spatial analyses on A. alata in red foxes on PEI. It is also unknown if this is part of
the normal cyclic variation between predator/prey interactions and the resulting parasite
infections.
If not part of the normal cyclic variation, the lower prevalence of A. alata during
the years of 2014 and 2015 could be due to unknown factors causing mortality in the
intermediate host(s) (gastropod/frog) or the foxes consuming different prey items. Frog
mortality or reduced parasite prevalence could be due to pollution such as agricultural
runoff, habitat loss, disease and climate change (Stuart et al., 2004; King et al., 2007). In
Quebec (Canada), it was found that in two of the high agricultural areas (one highly
contaminated with pesticide) there was a reduction in the species richness and diversity
of parasites within the frogs (King et al., 2007). Additionally, they found the definitive
hosts for these parasites (mammals, birds and frogs) in those areas to have fewer parasite
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species infecting them. Mortality in frogs could also be due to Batrachochytrium
dendrobatidis (Bd), a potentially deadly fungus that has been indicated as one of the
greatest factors in rapid global amphibian population declines (Skerratt et al., 2007).
Forzan et al. (2010) noted 26.9% of frogs surveyed carried Bd; however, only one of 115
frogs was found dead due to the fungus. However, there has been no work done on A.
alata within the frogs of PEI to establish a baseline, nor has there been a subsequent
study on Bd since Forzan et al. in 2010.
If prevalence 2012/2013 were higher than usual, it could be due to an increase in
the snail intermediate host population or greater availability of frogs for foxes to feed
upon. It could be speculated that if Bd were to cause mortality or even impair the frogs,
they may become more accessible to the red foxes; therefore, potentially increasing the
transmission of A. alata in any of the fungus infected frogs. If the fungus were to also
impair the frog’s immune system, it may not be able to mount an appropriate immune
response to A. alata infections, also potentially increasing the amount of resident A. alata
within the frog. Additionally, increased parasite transmission with the trematode
Ribeiroia ontatrae was reported to occur due to an increase in the snail intermediate host
population resulting from the eutrophication of watersheds from the influx of nutrients
from the runoff (Johnson & Chase, 2004; Johnson et al., 2007). The eutrophication
caused an algal bloom which served as a food source, increasing the snail population, the
first intermediate host for R. ondatrae. With the increased number of snails, the number
of cercaria of R. ondatrae are also increased, therefore leading to greater exposure to
frogs (second intermediate host) and higher transmission to birds (the definitive host).
This scenario may apply to A. alata, since this parasite has a similar life cycle to R.
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ondatrae. However, the watershed where the cluster is located, Johnstons’ River
Watershed, is not monitored thoroughly by any organization, group or government entity.
Without a monitoring program in place, it is not possible to determine if there had been
an algal bloom in this area during that year to link the cluster to an event of this type.
In this study, we also found Taenia sp. and Cryptocotyle lingua were significantly
more prevalent and the intensity higher in the trapped foxes than in the road-killed foxes;
however, caution must be exercised for this result due to the low sample size in the roadkilled foxes. With both of these parasites, red fox acquire infections by ingesting infected
intermediate hosts, lagomorphs (Taenia sp.) or marine fish (C. lingua) (Bowman, 2014b,
d). It could be speculated the higher prevalence and intensity of parasites in trapped
foxes is due to the trapped foxes being from a rural setting and the majority (14/16) of
road-killed foxes are from an urban setting. The differences in habitats could have an
effect on the diet of the foxes, due to differences in food availability. Richards et al.
(1995) found Taenia pisiformis was significantly higher in the rural foxes of the United
Kingdom than in urban foxes and hypothesized that it is because of the greater
availability of lagomorphs. Lavin et al. (2003) showed a significant difference in prey use
between urban and rural foxes in Illinois (USA). They showed that rural foxes have a
higher Nitrogen-15 fur isotopic value, indicating they are feeding on higher trophic food
items than the urban foxes. The study also showed the foxes had higher Carbon-13 and
Nitrogen-15 levels than coyotes, indicating the coyotes push the foxes to consume more
C4 plants (corn and soybeans) and higher trophic-level prey. Anthropogenic food may
also be more available to the urban foxes, allowing the animals to feed, but less likely to
become infected. Contesse et al. (2004) showed 83.5% of the sampled foxes’ stomachs in
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Zurich, Switzerland contained anthropogenic food (scavenged meat, other scavenge, pets
and domestic stock, pet food and bird seed). Within PEI, it has been previously reported
that there was a significantly higher amount of birdseed within the stomachs of urban
foxes than in rural foxes and there was some evidence of anthropogenic food within the
stomachs as well (Bullerwell, 2014). Because the foxes are eating higher trophic-level
prey in rural areas and the foxes in urban areas may be consuming anthropogenic food in
urban areas, the chances of parasite infection is likely to increase in rural areas and
decrease in urban areas.
The findings for sex demonstrate no significant effect on the prevalence or
intensity of parasites and this was expected due to previous studies (Richards et al., 1995;
Hofer et al., 2000; Alic et al., 2015; Stavert, 2015). In order for there to be a difference in
parasite intensity and prevalence between the sexes, the foxes would have to be feeding
on different prey, different amounts of the same prey or have a difference of infection
susceptibility between males and females. However, we have only some evidence of what
foxes eat on PEI (Bullerwell, 2014), and cannot say with any certainty that the different
sexes of foxes on PEI do, or do not, consume different amounts of resources.

4.5.2 – Fecal Analyses
From the literature, it is known that performing a necropsy survey is considered to
be a “gold standard” for detection of helminth parasites and that there can be issues with
fecal surveys (Bowman, 2009; Zajac & Conboy, 2012a; Wapenaar et al., 2013). Fecal
surveys, while having the benefit of being non-invasive can miss infections since they are
unable to detect prepatent infections therefore potentially giving a false negative. By
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being unable to detect prepatent infections, the animal may have been truly (but recently)
infected by a parasite and would not be shedding eggs or larvae yet (Bowman, 2014a).
Fecal analyses also become unreliable with parasites that have erratic or cyclical egg or
larval shedding, such as Angiostrongylus vasorum and Crenosoma vulpis. Because of the
sporadic shedding, one fecal deposit may have eggs/larvae but the next may not,
potentially giving a false negative (Oliveira-Junior et al., 2006; Conboy, unpublished
data). Fecal analyses are also very time sensitive. Ideally, the fecal sample should be
collected as soon as it is deposited, kept in refrigeration and analyzed within one hour of
collection (Zajac & Conboy, 2012a). If this does not occur, the parasite eggs and larvae
begin to degrade, starting with the protozoans, eventually becoming unrecognizable as
time increases. Because protozoan parasites are time-sensitive, and they are susceptible to
freezing damage, the results from both the necropsy and fecal surveys in this study are
likely underestimated (Uehlinger et al., 2013). Time and freezing are also likely the
reason for the differences between this study and Wapenaar et al. (2013), where samples
were collected soon after the time of death (hours to days) and did not freeze the
carcasses. For this reason, Wapenaar et al. (2013) were able to detect protozoan parasites
such as Sarcocystis sp. (1.1%), Neospora caninum-like oocysts (0.7%) and other coccidia
(38.4%). Additionally, some protozoan parasites like Giardia sp. and Cystoisospora
(Isospora) sp. shed their cysts/oocysts sporadically. Combined with the relatively low
total sample number, this could also account for the low prevalence of protozoan
parasites found in the current study.
At the present time, it is unknown whether dogs and wild canids are susceptible to
the same coccidian species. The red fox is the only definitive host for C. vulpina; whether
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C. canis and the other members of the C. ohioensis-complex (C. burrowsi, C. neorivolta,
C. ohioensis) infecting dogs are the same species as those observed in red fox remains to
be determined (Duszynski et al., 2000). Cross-species transmission studies or molecular
characterization may reveal whether red fox and dogs have a shared susceptibility to
these species of coccidia or there are separate species infecting each host.
While conducting both necropsy and fecal surveys, it was found that Taenia sp.
had the highest chance of not being found on the fecal exam. It was never found on the
fecal analyses, but found 51.9% within the necropsy survey (Table 4-9). This is likely
attributed to the way Taenia sp. reproduces. This helminth (cestode) produces eggs
within each mature segment of the worm. Eggs are produced until the segment is almost
completely full of eggs (gravid). Gravid segments then break off from the main body and
exit the body in the feces. Unless broken, the segment will remain intact and the eggs
within, therefore keeping the majority of eggs from being detected on fecal exams (Zajac
& Conboy, 2012a).
In this study, we found 16 instances of the fecal analyses diagnosing a parasite
that was not in the necropsy survey (false positive). Although it is possible that this was
due to insufficient water flow over the interior surface of the intestines, the most probable
explanation is misdiagnosis. Over half (56%) of the false positives were Uncinaria
stenocephala – the Northern Hookworm. This worm has an egg that cannot be reliably
differentiated based on size or morphology from the egg of a parasite found in
lagomorphs – Obeliscoides cuniculi. Both these parasites’ eggs have overlapping size
ranges: 71-92 x 35-58 µm for U. stenocephala, and 52-106 x 28-58 µm for O. cuniculi
(Zajac & Conboy, 2012b). Three of the eight U. stenocephala false positive fecal samples
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also contained the parasite Eimeria sp. – another parasite of rabbits (Zajac & Conboy,
2012c). Because there was instances of false positive results of U. stenocephala and
Eimeria sp. in the same samples, it is likely that U. stenocephala was misdiagnosed most,
if not every time for these false positives. Other false positives found in this study include
T. canis (4), Alaria sp. (3) and C. lingua (1). These false positives could be attributed to
pseudoparasites. Pseudoparasites can sometimes resemble the appearance of parasites and
parasite eggs extremely well making it difficult to differentiate between true parasites and
pseudoparasites (Zajac & Conboy, 2012d). However, more likely reasons for false
positives include coprophagia or consuming a bird. If a fox were to consume feces from
an infected animal, the eggs from those parasites would simply pass through the fox’s
digestive tract as they may be underdeveloped or require an intermediate host.
Echinostomes are commonly recovered in birds on PEI (Gary Conboy, personal
communication); so if a fox were to consume a bird, the eggs from the Echinostomes
within the bird would also pass through the fox, giving a false positive for Alaria sp.
The specificity and sensitivity analyses further highlighted the differences in
finding parasites between the necropsy survey and the fecal survey. However, the
principle reason most likely explaining the highly unreliable fecal data would be sample
degradation due to processing time and refrigeration. When the carcasses were received,
it is highly unlikely they were captured, euthanized, pelted, transported, received and
necropsied within the preferential one-hour window. Because the animals were dead for
an unknown amount of time prior to receiving, them at the AVC and likely were not
refrigerated, the eggs, cysts/oocysts and larvae would begin to degrade rapidly within the
feces in the animal. If the animal was not necropsied immediately upon receiving, it was
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frozen, as previously mentioned. Freezing, while being able to allow most parasites’ eggs
and larvae to persist longer within the feces, still can cause damage to the eggs. Since
some of the carcasses were frozen for two to three years prior to necropsy, it is possible
that many of the eggs, cysts/oocysts and larvae were degraded to the point of being
unrecognizable and not seen on the fecal flotation.

4.6.0 - RECOMMENDATIONS
To follow from the present study, future studies should (1) continue to monitor
the parasitic fauna infecting the red foxes on PEI to allow for early detection of new
parasites. (2) Red foxes from Prince County, in addition to more urban foxes, should be
searched for parasites to describe the parasitic fauna in red foxes throughout PEI and
better estimate differences between urban and rural foxes in terms of parasites. Future
studies should also (3) consider searching other organs for parasites; such as the stomach,
bladder, nasal turbinates and liver.

4.7.0 – CONCLUSION
This study has shown that 90.7% of the red fox population of Queens and Kings
Counties of Prince Edward Island (PEI) are infected with at least one parasite, indicating
a potential risk for parasite exposure to dogs in rural and urban areas. Although there was
a relatively low number of urban samples, there was no indication that the parasite load
was different from the rural areas. This also represents is the first report of Himasthla sp.
and Stephanoprora sp. and parasite intensities of helminth parasites in red foxes on PEI,
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furthering our knowledge on the parasites present. Some of the dietary components of the
rural-red foxes on PEI has also been indirectly identified in this study. These components
included prey items such as gastropods, rodents, frogs, earthworms and fish. This study
also has highlighted the limits of the fecal diagnostic methodology with sensitivities
ranging from 20.6 – 62.5%, indicating the importance of timely fecal collection for more
accurate fecal diagnostic results. The degree that sample freezing and storage may have
influenced the detection results is unknown. The results from the spatial analyses are
consistent with the biology of the parasites (A. alata near freshwater, Echinostomes near
the coast), however it should be further investigated in future studies by sampling
province-wide and as homogenously as possible across the red fox populations to
generate a risk map for red fox parasites.
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CHAPTER 5

GENERAL CONCLUSIONS

In the studies featured in this thesis, the overarching objective was to further the
knowledge of red foxes on PEI by surveying the parasites infecting the red fox in both
urban and rural settings. Parasites can have a profound effect on new or naïve hosts (both
human and companion animal) health and therefore longitudinal studies must be done to
detect changes in the parasites’ life cycle, range or biology which increase the likelihood
of transmission. Without studies that survey the parasitic fauna, these previously-limited
parasites will go undetected until infections in companion animals or humans are
diagnosed. In order to properly mitigate the effects of parasite spread and infection, early
detection from survey studies is needed.
To further understand the red foxes in PEI, citizen science was used to describe
the characteristics, habits and distribution of the red foxes. It was not surprising that the
amount of recorded red fox sightings by citizens was high in the Charlottetown and
Stratford (2040 out of 2670 sightings) while being reduced for the remainder of PEI.
Since the majority of sightings were in Charlottetown and Stratford, the distribution and
characteristics (i.e. coat colour and reproductive cycles) could be well described.
However, in areas of low sightings the red fox distribution is not likely to be accurately
represented. It is likely that public awareness of this study contributed to the great
difference in recorded sightings between Charlottetown and Stratford, and the rest of PEI.
The need for public awareness was further highlighted in this study by large increases of
sightings during months in which the project was promoted in the media. Public
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awareness campaigns, both for recruitment and retention of participants, are imperative
for study success. Future citizen science projects should consider targeting specific
locations of low sightings for further media promotions to increase the likelihood of
engagement.
The parasites found in both the scat and necropsy surveys, for the most part, have
previously been reported in red foxes on PEI. This study has shown the foxes in
Charlottetown and Stratford are frequently parasitized and that almost every red fox fecal
deposit contained parasites (85.9% of samples in chapter 3 contain at least one parasite).
Additionally, the prevalence of each parasite found in both Chapter 3 and Chapter 4 are
very similar, when comparing the fecal results (Table 4-11). This indicates that the
change in habitat (rural to urban) has not greatly changed the prevalence of the parasites
in red foxes and therefore remain frequently parasitized. Since the foxes in Charlottetown
and Stratford remain frequently parasitized, there is likely to be an increased risk of
exposure to dogs and humans. Additionally, dogs commonly engage in coprophagia, this
can lead to an increased risk of transmission if they are consuming red fox feces.
Transmission to humans is likely to come via accidental ingestion of parasites
contaminating the fur of companion animals, homegrown garden produce or handling
yard waste followed by insufficient hygiene practices. Therefore, appropriate sanitation
of red fox (canid) fecal matter to reduce environmental contamination and personal
hygiene would reduce the risk of transmission. Additionally, regular deworming of
companion animals during the transmission season should be considered.
Comparing the parasites found in both the scat and necropsy studies further
highlighted the need for incorporating multiple complementary diagnostic tests and the
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need to collect the freshest possible samples (both feces and carcasses) for diagnostic
parasitology. Multiple complementary diagnostic tests (used in parallel, i.e. a positive on
any test) allows for the greater possibility of detection of the different parasite eggs/cysts
and larvae (improving the diagnostic sensitivity) but at the cost of lowering the
specificity. Most parasite eggs or cysts will float using a centrifugal flotation technique,
however there are some, such as operculate eggs or nematode larvae that do not float
consistently. Additionally, by collecting the freshest possible samples the researcher is
also able to obtain the greatest possible chance for parasite detection. This is due to
parasite eggs/cysts/larvae either degenerating over time, therefore becoming
unrecognizable; or hatching and no longer able to float. Furthermore, the need for
repeated sampling was also indicated in these studies. Since some of the parasites found
are known to shed eggs/cysts/larvae intermittently, to make a definitive diagnosis in a
clinical setting more than one fecal sample is necessary to increase the probability of
detection. The likelihood of collecting multiple consecutive fecal samples from the same
individual fox during a scat survey where the collection of feces is opportunistic is highly
unlikely and improbable. For this reason, the current study illustrates why the postmortem recovery of parasites remains the “gold-standard” for parasite surveys as they are
able to detect both patent and prepatent infections, and parasites that shed intermittently.
The foxes that were processed for parasite recovery, were however, from the central and
eastern parts of PEI. Future survey studies should consider obtaining fox carcasses from
all areas of PEI.
In addition to further understanding the parasitic fauna within the red fox
population on PEI, these studies also indirectly revealed the dietary habits of the red fox
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in both rural and urban areas through understanding the different parasites’ life cycles.
Based on the similarities in parasite prevalence between the two areas, it is likely that red
foxes in Charlottetown and Stratford are mainly observing a natural diet.
The combination of the three chapters also revealed how the annual reproductive
and growth cycles coincide with parasitic infections as they progress throughout the year.
For example, the proportion of red fox sightings with a young fox from the citizen
science study (Chapter 2) indicates the first appearance of the kits is in May of each year.
(Figure 2-10). The fecal parasite survey (Chapter 3) indicates the lowest prevalence of
Crenosoma vulpis during this time (Figure 3-3) and is most probably due to the kits
(unexposed) and the adults having lost their worm burden from the year before (10month lifespan: Anderson, 2000). The fecal parasite survey (Chapter 3) also indicates the
kits are likely exposed and infected within two months of exiting the den. The peak in
prevalence for C. vulpis occurs during July of each year and is likely to be sustained
throughout the autumn months into early winter because of the lifespan of the adult
worms (Figure 3-3, Table 3-5). From frequent exposure of C.vulpis to red foxes, the
prevalence was found to peak at 85.3% in the Chapter 4 during the months of November
and December (Table 4-2).
In conclusion, these studies represent a subset of objectives of a larger project that
encompasses all aspects of fox biology from home-range, den site selection, distribution,
diet and what pathogens they carry. These studies have shown the red foxes on PEI are
frequently parasitized, regardless of area (urban or rural) and represent a potential risk
factor for transmission to dogs and humans. A parasite infection prevalence baseline for
PEI has been obtained through these studies, and future surveys should be completed
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regularly to ensure rapid detection of new parasites within the environment. This thesis
has also shown the value of citizen science for describing the distribution and
characteristics of red foxes in smaller urban areas, such as Charlottetown, PEI. Through
learning all aspects of fox biology the public is able to be made aware of the
consequences of living in close proximity with foxes as they adapt to the urban
landscape.
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APPENDIX-A:
STANDARD OPERATING PROCEDURES (SOP’s)
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APPENDIX-A1
Standard Operating Procedure – Zinc Sulfate (ZnSO4) Centrifugal Fecal Floatation
1.

Purpose

The purpose of this technique is to recover most parasitic eggs and cysts within a Red
Fox (Vulpes vulpes) fecal sample.

2.

Scope

This SOP is relevant to all conducting parasitology research on wild carnivores,
particularly fecal surveys.

3.

Prerequisites

Personnel must have completed the UPEI Biosafety and Biosecurity course, UPEI
WHMIS training and lab specific training prior to learning the ZnSO4 fecal floatation
technique.

4.

Procedure

i.
ii.
iii.
iv.
v.
vi.
vii.
viii.
ix.
x.
xi.
xii.

Acquire approximately two grams of fresh feces.
Place feces in new-disposable cup and fill with approximately 15mL of distilled
water.
Stir feces in water until a uniform solution is created.
Pour solution through two layers of cheesecloth into another new-disposable cup
and discard old cup and cheesecloth.
Swirl and then pour filtered solution into a 15mL screw-top test tube. Screw on
lid.
Place tube into centrifuge and spin for 10 minutes at 600 times gravity.
Remove tube after centrifugation and pour off supernatant.
Fill tubes up halfway with ZnSO4 (SG=1.18) and re-suspend pellet. Top-off
afterwards and re-cap.
Place tube back in the centrifuge and spin again for 10 minutes at 300 times
gravity.
Remove tube and place in test tube rack. Pipette ZnSO4 into the racked tube until
a positive meniscus is present.
Place a 20x20mm microscope cover slip over the tube; ensuring contact has been
made with the meniscus.
Wait, at minimum, 20 minutes before removing the cover slip to allow sufficient
egg and cyst floatation.
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xiii.

Place cover slip on new, clean microscope slide and identify eggs under a
compound-light microscope.

5.

References

Zajac A.M., Conboy G.A. 2012. Veterinary Clinical Parasitology (8th Edition). WileyBlackwell. Pp. 4-8.

6.
i.
ii.
iii.
iv.
v.
vi.

Definitions
ZnSO4 – Zinc Sulfate, floatation media
SG – Specific Gravity
SOP – Standard Operating Procedure
RPM – Revolutions per minute
UPEI – University of Prince Edward Island
WHMIS – Workplace Hazardous Materials Information System
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APPENDIX-A2
Standard Operating Procedure –Modified Baermann Fecal Examination
1.

Purpose

The purpose of this examination is to recover parasitic larvae within a Red Fox (Vulpes
vulpes) fecal sample.

2.

Scope

This SOP is relevant to all conducting parasitology research on wild carnivores,
particularly fecal surveys.

3.

Prerequisites

Personnel must have completed the UPEI Biosafety and Biosecurity course, UPEI
WHMIS training and lab specific training prior to learning the Modified Baermann
technique.

4.
xiv.
xv.
xvi.
xvii.
xviii.
xix.
xx.
xxi.
xxii.
xxiii.
xxiv.
xxv.
xxvi.
5.

Procedure
Acquire approximately two grams of fresh feces.
Wrap feces in two layers of cheesecloth.
Suspend feces and cheesecloth in a 50mL screw-top test tube of warm water.
Place in test tube rack and leave overnight.
The next morning, remove and discard feces and cheesecloth.
Place test tubes with liquid into centrifuge and spin for 10 minutes at 600 times
gravity.
Remove test tubes and discard supernatant.
Vortex remaining liquid to re-suspend pellet.
Pipette one drop of liquid onto a microscope slide.
Pipette one drop of iodine onto other drop of liquid on slide to kill larvae.
Cover drops with cover slip.
Read under compound-light microscope.
Repeat steps ix-xii until all liquid has been searched in test tube.
References
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6.

Definitions

vii.
viii.
ix.
x.

SOP – Standard Operating Procedure
RPM – Revolutions per minute
UPEI – University of Prince Edward Island
WHMIS – Workplace Hazardous Materials Information System
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APPENDIX-A3
Standard Operating Procedure – Lung Flush
1.

Purpose

The purpose of this technique is to recover helminthes in the respiratory tract of a Red
Fox (Vulpes vulpes).

2.

Scope

This SOP is relevant to all conducting parasitology research on wild animals, particularly
fecal surveys.

3.

Prerequisites

Personnel must have completed the UPEI Biosafety and Biosecurity course, UPEI
WHMIS training, lab specific training and rabies vaccination prior to learning the lung
flush technique.

4.
xxvii.
xxviii.
xxix.
xxx.
xxxi.
xxxii.
xxxiii.
xxxiv.
xxxv.
xxxvi.
xxxvii.

Procedure
Remove heart, lungs and trachea from the animal, ensuring no major veins or
arteries have been cut and the heart remains attached to the lungs.
Place organs into a 150-micron geologic sieve (8-inch diameter, US Standard,
Number 100) and make an incision into the right ventricle.
Insert a hose attached to a water source into the incision in the ventricle and into
the pulmonary artery.
Squeeze the heart and hose ensuring there will be no back flow.
Begin the flow of water into the heart, slowly increasing the pressure.
Once lungs have been fully inflated, pressure is maintained for another two
minutes.
After two minutes, water flow is stopped and the hose removed, lungs should be
allowed to fully deflate.
Discard lungs after rinsing with water in the sieve.
Transfer material in sieve to a container of saline.
Examine lung/saline solution under dissecting microscope.
Identify number of helminths and species by morphology.
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5.

References
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iii.
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+ 2.5% moxidectin) in the treatment of dogs experimentally infected with
Crenosoma vulpis. Parasitology Research. 105(1):49-54.

6.

Definitions

xi.
xii.
xiii.

SOP – Standard Operating Procedure
UPEI – University of Prince Edward Island
WHMIS – Workplace Hazardous Materials Information System
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APPENDIX-A4
Standard Operating Procedure – Intestinal Flush
1.

Purpose

The purpose of this technique is to recover helminthes in the intestines of a Red Fox
(Vulpes vulpes).

2.

Scope

This SOP is relevant to all conducting parasitology research on wild animals, particularly
necropsy surveys.

3.

Prerequisites

Personnel must have completed the UPEI Biosafety and Biosecurity course, UPEI
WHMIS training, lab specific training and rabies vaccination prior to learning the
intestinal flush technique.

4.
xxxviii.
xxxix.
xl.
xli.
xlii.

xliii.
xliv.
xlv.
xlvi.
xlvii.
xlviii.
xlix.

Procedure
Remove intestines from animal, beginning at the stomach and ending as close to
the anus as possible.
Squeeze feces from caecum to end into a screw-top container for later analysis
(see Appendix A1).
Remove length of intestine from caecum to end after feces is extracted.
Cut remaining length of intestine in half, ensuring all mesentery has been
removed to prevent kinking.
Insert a hose attached to a water source into the beginning of one half of the
intestine and place a two-gallon bucket under the intestine ensuring the end is
pointed in the bucket.
Begin the flow of water, ensuring the intestine and hose are secured together and
water is going into the bucket.
Slowly increasing until full pressure is reached without rupturing the intestine.
End water flow once bucket is filled up half way (1-gallon) and squeeze out
remaining water in intestine into bucket.
Repeat steps v-vii with second half of intestine and fill remainder of bucket (1gallon).
Discard intestines and pour material in bucket over a 150-micron geologic sieve
(18-inch diameter, US Standard, Number 100).
Transfer material in sieve to a container of water.
Examine lung/saline solution under dissecting microscope.
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l.
5.
iv.

Identify number of helminths and genus/species by morphology.
References
Technique developed and taught by CABI (formerly CAB International) in the
United Kingdom.

6.

Definitions

xiv.
xv.
xvi.

SOP – Standard Operating Procedure
UPEI – University of Prince Edward Island
WHMIS – Workplace Hazardous Materials Information System

197

APPENDIX-A5
Standard Operating Procedure - Baermann Fecal Examination
1.

Purpose

The purpose of this examination is to recover parasitic larvae within a fecal sample.

2.

Scope

This SOP is relevant to all conducting parasitology diagnostic work.

3.

Prerequisites

Personnel must have completed the UPEI Biosafety and Biosecurity course, UPEI
WHMIS training and lab specific training prior to learning the Modified Baermann
technique.

4.

Procedure

li.
lii.
liii.
liv.
lv.
lvi.

Acquire approximately ten grams of fresh feces.
Wrap feces in two layers of cheesecloth.
Suspend feces and cheesecloth in a glass funnel full of warm water.
Place in funnel rack and leave overnight.
The next morning, remove and discard feces and cheesecloth.
Release approximately 10mL of liquid from the bottom of the funnel into a 15mL
test tube
Place tube(s) in centrifuge and spin for 10 minutes at 600 times gravity.
Remove test tubes and discard supernatant.
Vortex remaining liquid to re-suspend pellet.
Pipette one drop of liquid onto a microscope slide.
Pipette one drop of iodine onto other drop of liquid on slide to kill larvae.
Cover drops with cover slip.
Read under compound-light microscope.
Repeat steps ix-xii until all liquid has been searched in test tube.

lvii.
lviii.
lix.
lx.
lxi.
lxii.
lxiii.
lxiv.
5.

References
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6.
xvii.
xviii.
xix.
xx.

Definitions
SOP – Standard Operating Procedure
RPM – Revolutions per minute
UPEI – University of Prince Edward Island
WHMIS – Workplace Hazardous Materials Information System
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APPENDIX-B: PARASITE AND SPURIOUS PARASITE PHOTOGRAPHS

200

APPENDIX-B1: RED FOX PARASITE EGGS, CYSTS AND LARVAE (Photograph credit: Dr. Gary Conboy)

Uncinaria stenocephala

Toxocara canis

Cryptocotyle lingua

Taenia sp.
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Alaria sp.

Physaloptera sp.

Eucoleus boehmi

Eucoleus aerophilus

Sarcocystis sp.

(Upper) Cystoisospora canis,
(Lower) Cystoisospora ohioensis-complex
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Aeonchotheca putorii

Crenosoma vulpis

APPENDIX-B2: SPURIOUS PARASITE EGGS AND LARVAE (Photograph credit: Dr. Gary Conboy)

Anoplocephalid Egg

Monocystis sp.

Strongyle-Type Egg

Rodent Pinworm Egg
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Eimeria sp.

Calodium hepaticum

APPENDIX-B3: POTENTIALLY SPURIOUS EGGS AND ARTHROPODS (Photograph credit: Dr. Gary Conboy)

Demodex sp.

Baylisascaris procyonis
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APPENDIX-B4: ADULT RED FOX PARASITES (Photograph credit: William Robbins)

Alaria sp.

Crenosoma vulpis

Cryptocotyle lingua

(Female larger, male smaller)

Stephanoprora sp.

Taenia sp.
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Toxocara canis

Uncinaria stenocephala

Eucoleus aerophilus
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APPENDIX-C: SATSCAN TEST OUTPUT
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Appendix-C1. SaTScan spatial analyses output percent inclusion tests for each parasite found in the fecal survey (Chapter 3) using the
Bernoulli Distribution.
Percent Inclusion

1

5

10

20

30

50

Result

Parasite
Aonchotheca putorii

Alaria sp.

Crenosoma vulpis

Cryptocotyle lingua

Eucoleus aerophilus

Eucoleus boehmi

Isospora canis

Isospora ohioensis-complex

Sarcocystis sp.

Toxocara canis

p-value

0.713

0.985

1

0.6

0.974

0.985

1

0.83

N/A

N/A

Uncinaria stenocephala
1

Relative Risk

6.14

3.56

2.42

12.28

3.88

3.56

4.02

6.31

N/A

N/A

2.01

Log Liklihood Ratio

3.58

2.51

1.75

4.92

2.684

2.52

2.75

3.64

N/A

N/A

1.38

Semiminor Axis

20.79

1.35

17.37

522.42

25.27

0

14.77

25.46

N/A

N/A

6.56

Semimajor Axis

20.79

1.35

17.37

2089.7

25.27

0

22.15

76.39

N/A

N/A

6.56

p-value

0.146

0.00089

0.53

0.65

0.5

0.78

0.046

0.368

0.75

0.98

0.352
2.07

Relative Risk

6.44

3.89

4.43

12.28

3.04

3.61

3.76

5.28

6.34

4.59

Log Liklihood Ratio

7.26

11.71

2.47

4.92

4.277

3.8

7.13

5.03

4.44

1.72

5.66

Semiminor Axis

48.22

33.43

241.69

522.42

0

271.22

0

233.03

142.38

64.61

54.95

Semimajor Axis

241.09

66.85

49.38

2089.7

0

406.83

0

466.06

569.52

64.61

219.81

p-value

0.164

0.0011

0.00013

0.69

0.53

0.78

0.051

0.214

0.08

0.226

0.417

Relative Risk

6.44

3.65

2.63

12.28

3.04

3.61

3.76

4.1

7.07

5.17

2.07

Log Liklihood Ratio

7.26

11.306

12.84

9.92

4.277

3.8

7.13

5.78

7.68

5.2

5.66

Semiminor Axis

48.22

57.33

638.97

522.42

0

271.22

0

216.5

189.53

1770.45

54.95

Semimajor Axis

241.09

86

638.97

2089.7

0

406.83

0

433.01

568.58

1770.45

219.84

p-value

0.091

0.0012

0.00015

0.71

0.54

0.66

0.055

0.219

0.08

0.243

0.427

Relative Risk

3.29

3.65

2.63

12.28

3.04

1.97

3.76

4.1

7.07

5.17

2.07

Log Liklihood Ratio

7.736

11.306

12.84

4.92

4.277

4

7.13

5.78

7.68

5.2

5.66

Semiminor Axis

103.81

57.33

638.97

522.42

0

1511.43

0

216.5

189.53

1770.45

54.95

Semimajor Axis

311.44

86

638.79

2089.7

0

2267.15

0

433.01

568.58

1770.45

219.84

p-value

0.034

0.0013

0.00016

0.56

0.56

0.67

0.056

0.221

0.082

0.269

0.455

Relative Risk

3.24

3.65

2.63

3.65

3.04

1.97

3.76

4.1

7.07

5.17

2.07

Log Liklihood Ratio

7.89

11.306

12.84

4.41

4.277

4

7.13

5.78

7.68

5.2

5.66

Semiminor Axis

496.97

57.33

638.97

151.59

0

1511.43

0

216.5

189.53

1770.45

54.95

Semimajor Axis

745.45

86

638.97

151.59

0

2267.15

0

433.01

568.58

1770.45

219.84

p-value

0.037

0.00013

0.00018

0.56

0.53

0.68

0.059

0.174

0.091

0.291

0.455

Relative Risk

3.24

3.36

2.63

3.65

2.15

1.97

3.76

3.18

7.07

5.17

2.07

Log Liklihood Ratio

7.89

13.84

12.84

4.41

5.81

4

7.13

6.94

7.68

5.2

5.66

Semiminor Axis

496.97

711.76

638.97

151.59

216.15

1511.43

0

193.63

189.53

1770.45

54.95

Semimajor Axis

745.45

1067.64

638.97

151.59

864.59

2267.15

0

774.53

568.58

1770.45

219.84
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Appendix-C2. SaTScan spatio-temporal analyses output percent inclusion tests at 90% temporal window for each parasite found
within the fecal survey (Chapter 3) using the Bernoulli Distribution.
Percent Inclusion

1

5

10

20

30

50

Result

Parasite
Aonchotheca putorii

Alaria sp.

Crenosoma vulpis

Cryptocotyle lingua

Eucoleus aerophilus

Eucoleus boehmi

Isospora canis

Isospora ohioensis-complex

Sarcocystis sp.

Toxocara canis

p-value

0.713

0.985

1

0.6

0.974

0.985

1

0.83

N/A

N/A

Uncinaria stenocephala
1

Relative Risk

6.14

3.56

2.42

12.28

3.88

3.56

4.02

6.31

N/A

N/A

2.01

Log Liklihood Ratio

3.58

2.51

1.75

4.91

2.68

2.52

2.75

3.63

N/A

N/A

1.39

Timeframe

2 to 3

2 to 2

2 to 2

5 to 5

2 to 2

1 to 1

2 to 3

2 to 2

N/A

N/A

2 to 2

Semiminor Axis

20.79

1.35

17.37

522.42

25.27

0

14.77

25.46

N/A

N/A

6.56

Semimajor Axis

20.79

1.35

17.37

2089.7

25.27

0

22.15

76.39

N/A

N/A

6.56

p-value

0.176

0.0011

0.59

0.481

0.6

0.59

0.065

0.54

0.81

0.98

0.435
2.07

Relative Risk

6.44

3.89

2.47

12.28

3.04

3.65

3.76

5.28

7.17

5.76

Log Liklihood Ratio

7.26

11.71

4.43

4.92

4.28

5.08

7.14

5.03

5.01

2.22

5.56

Timeframe

2 to 3

2 to 5

2 to 5

5 to 5

5 to 5

1 to 2

5 to 5

4 to 5

4 to 4

2 to 2

2 to 4

Semiminor Axis

62.39

33.43

24.69

1450.41

0

386.84

0

233.03

142.38

64.61

54.95

Semimajor Axis

249.54

66.85

49.38

2175.61

0

1160.51

0

466.06

569.52

64.61

219.81

p-value

0.082

0.0015

0.00066

0.55

0.446

0.61

0.017

0.311

0.123

0.276

0.53

Relative Risk

6.44

3.65

2.61

12.28

3.02

3.65

3.99

4.1

7.07

5.55

2.07

Log Liklihood Ratio

7.26

11.31

11.88

4.92

5.43

5.08

9.85

5.78

7.68

5.61

5.56

Timeframe

3 to 3

2 to 5

1 to 2

5 to 5

5 to 5

1 to 2

5 to 5

4 to 5

4 to 5

1 to 1

2 to 4

Semiminor Axis

138.61

57.33

635.49

1450.51

254.7

386.84

723.87

216.5

189.53

1770.45

54.95

Semimajor Axis

207.92

86

635.49

2175.61

509.4

1160.51

2171.6

433.01

568.58

1770.45

219.81

p-value

0.04

0.000095

0.00097

0.391

0.311

0.338

0.0093

0.187

0.129

0.329

0.64

Relative Risk

3.89

3.5

2.61

12.28

3.17

2.76

3.99

4.46

7.07

5.55

2.07

Log Liklihood Ratio

9.44

15.02

11.87

4.92

6.56

5.89

9.85

7.23

7.68

5.61

5.56

Timeframe

2 to 3

2 to 5

1 to 2

5 to 5

5 to 5

3 to 4

5 to 5

5 to 5

4 to 5

1 to 1

2 to 4

Semiminor Axis

103.81

188.51

635.49

1459.15

234.32

136.82

1483.75

787.01

189.53

1770.45

54.95

Semimajor Axis

311.44

377.02

635.49

1459.15

702.95

205.23

2225.63

2361.03

568.58

1770.45

219.81

p-value

0.025

0.00011

0.000089

0.376

0.342

0.376

0.0093

0.051

0.139

0.098

0.147

Relative Risk

3.56

3.5

2.68

4.11

3.05

2.76

3.99

4.8

7.07

5.92

2.08

Log Liklihood Ratio

8.97

15.2

14.79

5.002

6.65

5.89

9.85

8.76

7.68

7.4

6.39

Timeframe

1 to 3

2 to 5

1 to 2

2 to 3

5 to 5

3 to 4

5 to 5

5 to 5

4 to 5

1 to 1

5 to 5

Semiminor Axis

496.97

188.51

555.72

151.59

953.3

136.82

1509.18

953.3

189.53

1309.36

23.37

Semimajor Axis

745.45

377.02

833.57

151.59

2859.91

205.23

1509.18

2859.91

568.58

1309.36

23.37

p-value

0.028

0.000003

0.000012

0.403

0.041

0.41

0.0013

0.00026

0.114

0.06

0.098

Relative Risk

3.56

3.46

2.68

4.11

2.99

2.76

3.57

5.56

5.79

5.92

2.09

Log Liklihood Ratio

8.97

18.16

14.79

5.002

8.34

5.89

12.18

14.29

7.29

7.4

7.12

Timeframe

1 to 3

2 to 4

1 to 2

2 to 3

5 to 5

3 to 4

5 to 5

5 to 5

4 to 5

1 to 1

5 to 5

Semiminor Axis

496.97

211.83

555.72

151.59

1269.91

136.82

2150.09

2150.09

3010.96

1156.05

3654.01

Semimajor Axis

745.45

211.83

833.57

151.59

1904.87

205.23

2150.09

2150.09

3010.96

1156.05

3654.01
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Appendix-C3. SaTScan spatial analyses output percent inclusion tests for each spurious parasite or pseudoparasite found in the fecal
survey (Chapter 3) using the Bernoulli Distribution.
Percent Inclusion
1

5

10

20

30

50

Result
p-value
Relative Risk
Log Liklihood Ratio
Semiminor Axis
Semimajor Axis
p-value
Relative Risk
Log Liklihood Ratio
Semiminor Axis
Semimajor Axis
p-value
Relative Risk
Log Liklihood Ratio
Semiminor Axis
Semimajor Axis
p-value
Relative Risk
Log Liklihood Ratio
Semiminor Axis
Semimajor Axis
p-value
Relative Risk
Log Liklihood Ratio
Semiminor Axis
Semimajor Axis
p-value
Relative Risk
Log Liklihood Ratio
Semiminor Axis
Semimajor Axis

Anoplocephalid
N/A
N/A
N/A
N/A
N/A
0.221
13.44
5.02
80.32
160.65
0.243
13.44
5.02
80.32
160.65
0.292
13.44
5.02
80.32
160.65
0.292
13.44
5.02
80.32
160.65
0.301
13.44
5.02
80.32
160.65

Demodex sp.
N/A
N/A
N/A
N/A
N/A
0.233
9.47
5.55
75.69
113.53
0.243
9.47
5.55
75.69
113.53
0.276
9.47
5.55
75.69
113.53
0.276
9.47
5.55
75.69
113.53
0.276
9.47
5.55
75.69
113.53
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Spurious or Pseudo-Parasite
Eimeria sp.
Free-Living Nematode
0.383
1
10.05
1.61
4.53
0.95
0
0
0
0
0.096
0.81
7.1
1.64
7.73
3.87
73.38
43.14
220.15
172.55
0.04
0.74
5.69
1.48
7.63
3.47
132.75
3617.37
265.49
3617.37
0.046
0.69
5.69
1.4
7.63
3.94
132.75
3181
265.75
6361.99
0.0011
0.71
7.07
1.4
12.41
3.94
233.94
3181
467.89
6361.99
0.00065
0.71
7.81
1.4
12.38
3.94
2609.05
3181
2609.05
6361.99

Monocystis sp.
1
2.03
1.4
0
0
0.379
2.08
5
23.75
47.51
0.424
2.08
5
23.75
47.51
0.45
2.08
5
23.75
47.51
0.0026
1.81
10.15
87.25
87.25
0.002
1.84
10.76
95.49
142.24

Rodent Pinworm
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
1
2.28
0.48
545.04
2180.15
0.74
4.46
2.42
0
0
0.76
4.46
2.42
0
0
0.77
4.46
2.42
0
0

Appendix-C4. SaTScan spatio-temporal analyses output percent inclusion tests at 90% temporal window for each spurious parasite or
pseudoparasite found within the fecal survey (Chapter 3) using the Bernoulli Distribution.
Percent Inclusion

Result

1

p-value
Relative Risk
Log Liklihood Ratio
Timeframe
Semiminor Axis
Semimajor Axis

Anoplocephalid
N/A
N/A
N/A
N/A
N/A
N/A

Eimeria sp.
0.383
10.05
4.53
2 to 2
0
0

5

p-value
Relative Risk
Log Liklihood Ratio
Timeframe
Semiminor Axis
Semimajor Axis

0.02
36.67
10.18
3 to 4
60.7
182.1

0.024
22
8.88
3 to 3
44.058
66.13

0.138
7.1
7.73
2 to 3
73.38
220.15

10

p-value
Relative Risk
Log Liklihood Ratio
Timeframe
Semiminor Axis
Semimajor Axis

0.019
36.67
10.18
3 to 4
101.38
202.76

0.026
22
8.88
3 to 3
44.058
66.13

20

p-value
Relative Risk
Log Liklihood Ratio
Timeframe
Semiminor Axis
Semimajor Axis

0.023
36.67
10.18
3 to 4
101.38
202.76

30

p-value
Relative Risk
Log Liklihood Ratio
Timeframe
Semiminor Axis
Semimajor Axis

50

p-value
Relative Risk
Log Liklihood Ratio
Timeframe
Semiminor Axis
Semimajor Axis

Spurious or Pseudo-Parasite
Free-Living Nematode
1
1.61
0.95
4 to 4
0
0

Monocystis sp.
1
2.03
1.4
1 to 1
0
0

Rodent Pinworm
N/A
N/A
N/A
N/A
N/A
N/A

0.74
1.64
3.37
2 to 2
106.39
106.39

0.49
2.08
5
1 to 2
23.75
47.51

N/A
N/A
N/A
N/A
N/A
N/A

0.057
5.69
7.62
2 to 3
132.75
265.49

0.65
1.64
3.87
2 to 2
128.55
128.55

0.212
2.09
5.73
1 to 1
2012.67
2012.67

N/A
N/A
N/A
N/A
N/A
N/A

0.029
22
8.88
3 to 3
44.058
66.13

0.068
5.69
7.62
2 to 3
132.75
265.49

0.72
1.64
3.87
2 to 2
128.55
128.55

0.259
2.09
5.73
1 to 1
2012.67
2012.67

0.54
7.16
3.97
2 to 2
0
0

0.023
36.67
10.18
3 to 4
101.38
202.76

0.03
22
8.88
3 to 3
44.058
66.13

0.0021
6.91
12.1
2 to 4
505.37
758.06

0.37
1.54
5.11
1 to 1
591.45
591.45

0.00014
2.05
14.77
1 to 2
70.88
141.75

0.54
7.16
3.97
2 to 2
0
0

0.023
36.67
10.18
3 to 4
101.38
202.76

0.033
22
8.88
3 to 3
44.058
66.13

0.0011
7.97
12.65
2 to 4
2609.05
2609.05

0.06
1.55
7.49
1 to 1
3717.51
5576.26

0.00018
2.05
14.77
1 to 2
70.88
141.75

0.54
7.16
3.97
2 to 2
0
0
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Demodex sp.
N/A
N/A
N/A
N/A
N/A
N/A

Appendix-C5. SaTScan spatial analyses output percent inclusion tests for each parasite found in the necropsy survey (Chapter 4)
using the Bernoulli Distribution.
Percent Inclusion

1

5

10

20

30

50

Result

Parasite
Eucoleus aerophilus

Alaria sp.

Crenosoma vulpis

Cryptocotyle lingua

Echinostome

Taenia sp.

Toxocara canis

Uncinaria stenocephala

p-value

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Relative Risk

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Log Liklihood Ratio

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Semiminor Axis

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Semimajor Axis

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

p-value

N/A

0.176

N/A

0.98

0.03

0.93

0.91

0.404

Relative Risk

N/A

2.29

N/A

2.22

11.4

1.98

3.17

2

Log Liklihood Ratio

N/A

3.996533

N/A

3.099309

6.929237

2.670143

3.375505

3.358866

Semiminor Axis

N/A

28299.83

N/A

5114.28

3845.58

3704.9

1290.82

0

Semimajor Axis

N/A

28299.83

N/A

20457.11

3845.58

11114.71

6454.08

0

p-value

0.63

0.01

1

0.91

0.038

0.96

0.85

0.74

Relative Risk

2.75

2.47

1.18

1.89

11.4

1.81

2.48

2.04

Log Liklihood Ratio

2.820059

9.176273

0.470055

3.126795

6.929237

3.010485

3.137041

4.763343

Semiminor Axis

3009

16742.92

5742.76

3054.99

3845.58

2360.15

3770.9

1553.43

Semimajor Axis

3009

50228.75

5742.76

6109.98

3845.58

9440.59

5656.35

7767.17

p-value

0.82

0.00013

0.995

0.91

0.056

0.93

0.72

0.74

Relative Risk

2.76

2.69

1.21

1.89

11.4

1.67

2.16

2.04

Log Liklihood Ratio

3.618231

14.332562

1.174791

3.126795

6.929237

2.862753

3.647222

4.763343

Semiminor Axis

6446.26

3546.92

11459.16

3054.99

3845.58

5235.11

5566.9

1553.43

Semimajor Axis

25785.02

10640.76

11459.16

6109.98

3845.58

7852.66

11133.79

7767.17

p-value

0.81

0.00016

0.835

0.94

0.058

0.89

0.54

0.74

Relative Risk

2.63

2.69

1.24

1.89

11.4

1.71

2.23

2.04

Log Liklihood Ratio

3.275879

14.332562

1.77754

3.126795

6.929237

4.315432

4.786735

4.763343

Semiminor Axis

8604.72

3546.92

12125.59

3054.99

3845.58

2559.68

7090.84

1553.43

Semimajor Axis

17209.43

10640.76

12125.59

6109.98

3845.58

12798.41

21272.52

7767.17

p-value

0.82

0.000082

0.24

0.94

0.056

0.89

0.292

0.74

Relative Risk

2.6

3.22

1.38

1.89

11.4

1.71

2.33

2.04

Log Liklihood Ratio

3.181646

15.406449

3.870728

3.126795

6.929237

4.315432

5.418993

4.763343

Semiminor Axis

15813.43

16807.38

19011.83

3054.99

3845.58

2559.68

7868.9

1553.43

Semimajor Axis

23720.15

50422.14

38023.66

6109.98

3845.58

12798.41

15737.79

7767.17

212

Appendix-C6. SaTScan spatio-temporal analyses output percent inclusion tests at 90% temporal window for each parasite found
within the necropsy survey (Chapter 4) using the Bernoulli Distribution.
Percent Inclusion
1

5

10

20

30

50

Result

Parasite
Eucoleus aerophilus

Alaria sp.

Crenosoma vulpis

Cryptocotyle lingua

Echinostome

Taenia sp.

Toxocara canis

Uncinaria stenocephala

p-value

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Relative Risk

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Log Liklihood Ratio

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Time Period

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Semiminor Axis

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Semimajor Axis

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

p-value

N/A

0.323

N/A

0.96

0.028

0.74

0.78

0.96

Relative Risk

N/A

2.51

N/A

2.34

11.13

2.2

3.18

2.02

Log Liklihood Ratio

N/A

3.557187

N/A

2.487732

6.774597

3.049744

3.364035

2.063319

Time Period

N/A

2012/1/1 - 2013/12/31

N/A

2012/1/1 - 2013/12/31

2012/1/1 - 2013/12/31

2012/1/1 - 2013/12/31

2014/1/1 - 2014/12/31

2014/1/1 - 2014/12/31

Semiminor Axis

N/A

0

N/A

4161.51

3845.58

3704.9

4256.69

37111.5

Semimajor Axis

N/A

0

N/A

8323.02

3845.58

11114.71

8513.39

37111.5

p-value

0.994

0.0084

1

0.98

0.016

0.42

0.325

0.85

Relative Risk

2.5

2.71

1.19

2.08

10.12

2.23

3.26

2.07

Log Liklihood Ratio

1.722671

7.390637

0.334304

2.767148

7.801013

3.845103

4.532901

3.495729

Time Period

2014/1/1 - 2015/12/31

2012/1/1 - 2013/12/31

2012/1/1 - 2012/12/31

2013/1/1 - 2014/12/31

2012/1/1/ - 2013/12/31

2012/1/1 - 2013/12/31

2014/1/1 - 2014/12/31

2014/1/1 - 2014/12/31

Semiminor Axis

1373.17

3161.34

0

2531.21

4666.21

8291.19

6406.21

28932.54

Semimajor Axis

1373.17

3161.34

0

5062.42

4666.21

8291.19

6406.21

86797.62

p-value

0.53

0.000046

0.982

0.67

0.03

0.266

0.476

0.93

Relative Risk

2.88

3.18

1.22

2.24

10.12

2.33

3.26

2.07

Log Liklihood Ratio

3.687881

13.804899

0.894986

4.307628

7.801013

6.318276

4.532901

3.495729
2013/1/1 - 2014/12/31

Time Period

2014/1/1 - 2014/12/31

2012/1/1 - 2013/12/31

2012/1/1 - 2012/12/31

2013/1/1 - 2014/12/31

2012/1/1/ - 2013/12/31

2012/1/1 - 2013/12/31

2014/1/1 - 2014/12/31

Semiminor Axis

7650.4

6422.05

9726.28

3054.99

4666.21

3184.72

6406.21

5787.68

Semimajor Axis

15300.79

6422.05

9726.28

6109.98

4666.21

12738.88

6406.21

11575.37
0.79

p-value

0.046

0.000066

0.51

0.467

0.033

0.301

0.485

Relative Risk

3.5

3.29

1.27

2.5

10.12

2.33

3.26

2.1

Log Liklihood Ratio

5.984301

14.97863

1.547641

6.018995

7.801013

6.318276

4.532901

4.230199
2013/1/1 - 2013/12/31

Time Period

2014/1/1 - 2015/12/31

2012/1/1 - 2014/12/31

2012/1/1 - 2014/12/31

2013/1/1 - 2013/12/31

2012/1/1/ - 2013/12/31

2012/1/1 - 2013/12/31

2014/1/1 - 2014/12/31

Semiminor Axis

11039.77

3517.06

8645.62

4667.14

4666.21

3184.72

6406.21

36393.59

Semimajor Axis

16559.65

7034.11

12968.44

23335.68

4666.21

12738.88

6406.21

109180.78
0.481

p-value

0.025

0.000053

0.34

0.49

0.043

0.219

0.52

Relative Risk

4

4.12

1.4

2.5

10.12

2.41

3.26

2.04

Log Liklihood Ratio

7.30126

16.023556

2.950277

6.018995

7.801013

8.045485

4.532901

5.254663

Time Period

2014/1/1 - 2015/12/31

2012/1/1 - 2014/12/31

2012/1/1 - 2012/12/31

2013/1/1 - 2013/12/31

2012/1/1/ - 2013/12/31

2013/1/1 - 2013/21/31

2014/1/1 - 2014/12/31

2013/1/1 - 2014/12/31

Semiminor Axis

16358.21

46363.53

13617.73

4667.14

4666.21

6984.63

6406.21

35554.94

Semimajor Axis

16358.21

69545.29

40853.18

23335.68

4666.21

34923.16

6406.21

71109.87
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