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Roads in Southern Ontario have a detrimental effect on turtle populations.  Due to complex habitat 

requirements and migratory movements, turtles are especially impacted by vehicular trauma.  Past 

research indicates vehicular trauma is aggregated both spatially and temporally.  For mitigation 

to be effective, it should focus on locations and times of concentrated trauma.  This study used a 

geographic information system (ArcGIS) to map six years of turtle trauma data from the Ontario 

Turtle Conservation Centre, identify trauma clusters, and examine fine-scale landscape characteristics 

correlated with these clusters.  Data for three turtle species (Emydoidea blandingii, Chrysemys picta 

marginata, and Chelydra serpentina) were combined with classified landscape imagery to analyze 

landscape pattern characteristics associated with trauma clusters by species, sex and season.  By 

targeting locations with specific landscape characteristics and moments of peak potential, results can 

be used to guide species- and sex-specific mitigation efforts.  
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Chapter 1: Introduction

Of the 300 plus species of tortoise and freshwater turtle found globally, eight species of freshwater 

turtle are native to Southern Ontario (Ontario Nature, 2015; van Dijk, 2010).  These turtles are a vital 

component in many ecosystems, as they play important roles in filtration, vegetation/fish population 

control, seed dispersal and habitat maintenance.  Many turtles are also considered indicator species 

because the health and behaviour of the turtle population can reflect the health of their habitat.  

Knowing which turtles are indicator species can be highly beneficial to conservation efforts.  In 

addition to their environmental significance, turtles are also important to many cultures around 

the world.  Historically, turtles have been used as a source of food and for their alleged medicinal 

benefits, and feature prominently in the legends and myths of many cultures.

Despite their many benefits, freshwater turtles are one of the most globally endangered groups of 

reptiles.  They face a variety of threats including habitat destruction, illegal collection for the pet 

trade, poaching for food and medicine, competition from invasive species, changing spatial and 

seasonal ranges due to climate change, by-catch in fisheries, and impacts associated with human land 

use.  For turtle conservation to be effective, each of these threats must be understood individually and 

as part of the overall problem.  This paper will focus on one aspect of human land use and its impact 

on turtles: vehicular trauma.  

1.1 Turtle Road Trauma 
Turtles cross roads for a variety of reasons, but the result is often the same – an overall reduction 

in population viability.  While some individuals may cross the road unharmed, others will become 

casualties of vehicular trauma.  With the construction of roads increasing in Southern Ontario, this 

problem is on the rise. Turtles are particularly threatened by road trauma because many are slow-

moving, have large home ranges, and move seasonally between habitats.  Injury and mortality from 

roads are particularly detrimental to turtle populations because they rely on being long-lived in order 

to make up for low annual fecundity. 

On multiple continents, research related to turtle road trauma has started to inform mitigation 

projects.  These efforts attempt to create solutions that allow the turtles to access adjacent habitat 

without being hit by passing vehicles.  Mitigation methods include crossing structures and 
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exclusionary fencing, lower speed limits, wildlife signage, public education programs, and more.  

For these projects to be effective, it is necessary to understand where and when turtles are being hit 

on roads, as well as why.  Previous projects should be consulted to avoid repeating mistakes and so 

success can be efficiently reproduced. 

1.2 Research Question
Turtles and roads can be studied from a variety of disciplines (applied ecology, biological genetics, 

ecological modeling, ecological restoration, landscape architecture, road ecology, transportation 

planning, wildlife conservation, wildlife/environmental management, etc.).  Which field is chosen 

depends on the research question being asked.  The goal of this study is to answer the question:

• Do landscape features relate to biological and phenological factors associated with turtle road 

trauma?  

The three main components of this question are ‘landscape features’, ‘biological factors’, and 

‘phenological factors’.  Landscape features refer to geographic characteristics identified at the study 

site: land cover, surface type, road attributes, etc.  Biological factors, such as species and sex, are 

frequently discussed in turtle mortality studies.  However, few turtle road crossing studies control for 

these biological factors during analysis.  Phenology refers to the study of periodic plant or animal life 

cycle events.  For turtles, migration is highly correlated with seasonal patterns.  Therefore, season 

must be taken into consideration when studying turtle trauma.  

This question will answer whether there are differences in the species, sex and season of turtles 

hit on roads with differing spatial features.  However, simply answering whether landscapes affect 

turtle trauma is not enough to provide results for practical mitigation and planning.  Therefore, if the 

previous question is answered in the affirmative, two additional questions must be asked:

• Which landscape features are significant? 

• What effects do they have on turtle road trauma factors? 

These questions answer how species, sex and season of turtle trauma differ by landscape feature.  

Results can be directly applied to mitigation efforts.  For instance, results may indicate more male 

turtles are hit in wetter landscapes, while more female turtles are hit in drier landscapes.  Since it is 

impossible to mitigate every roadway in Southern Ontario, locations that can save the highest number 
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of target turtles must take precedence.  Therefore, if female turtles are hypothetically targeted for 

mitigation, efforts would focus on landscapes with higher proportions of dry land cover.

Since these questions are mainly focused on the spatial aspect of road trauma (landscapes), and how 

humans can impact those aspects (mitigation), this project will be considered from the discipline of 

landscape architecture.  Turtle road trauma occurs where human processes (vehicular movement) 

meet ecological processes (turtle migration).  Landscape architects are responsible for proposing 

changes to the landscape; these interventions may be from a human perspective, or the perspective of 

a chosen species.   Results from this study will inform where and why these changes should occur.   

This is directly connected to the discipline of applied landscape ecology which attempts to improve 

relationships between ecological processes and particular ecosystems.  In this case, by proposing 

landscape interventions that mitigate for road trauma, there will be an improved relationship between 

humans, turtles, and their shared environment. 

1.3 Thesis Overview
The following chapters of this thesis are organized into five sections.  Relevant research on the 

topic of turtle road trauma and current mitigation efforts are summarized in the Literature Review in 

Chapter 2.  Chapter 3 outlines the methods chosen to answer the previously stated research question, 

including how the data was collected and how it was analyzed.  This is followed by Chapter 4, which 

summarizes the study’s results and provides an analysis of what those results mean in the context 

of this study.  Findings are discussed in terms of species, sex, season, land cover, and road attribute.  

Chapter 5 discusses how results of this study compare to findings from similar road trauma research.  

Finally, the answer to the research question and implications of these results are summarized in the 

Conclusion in Chapter 6.   
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Chapter 2: Literature Review

For effective road trauma mitigation, it is necessary to first have a thorough understanding of how 

roads affect the target species, each species’ physical and behavioural traits, and the current methods 

of locating mitigation measures.  By reviewing existing research on the spatial and temporal patterns 

of turtle road trauma, this chapter will discuss these subjects in more detail.

2.1 Biodiversity in Southern Ontario

Figure 2.1: Map of Ontario’s Mixedwood 
Plains Ecozone (Canada’s Ecozones, 2016)

Due to favourable habitat and climate conditions in 

Southern Ontario, the highest biodiversity of plants 

and animals is located within the Mixedwood Plains 

ecozone (refer to Figure 2.1; Ontario Biodiversity 

Council, 2015).  This ecozone takes up only 8 percent 

of Ontario’s total area, but is home to 92 percent of the 

province’s human population (Ontario Biodiversity 

Council, 2015).  Associated with this high population are 

the negative impacts related to increased urbanization, 

including habitat loss, fragmentation, degradation and 

vehicular trauma.  

As of May, 2017, there are 223 Species at Risk found in Ontario (Government of Ontario, 2017).  

Species at Risk (SAR) are “any naturally-occurring plant or animal in danger of extinction or of 

disappearing from the province” (OREG, 2010).  The high number of SAR in Southern Ontario is 

unsurprising because habitat loss and roads have been identified as significant threats for many of 

these wildlife species (Species at Risk Public Registry, 2016).  

Herpetofauna (reptiles and amphibians) are one of the most globally endangered groups of wildlife, 

with rapidly declining populations world-wide (Baxter-Gilbert, Riley, Lesbarrères, & Litzgus, 

2015; Lesbarrères et al., 2014).  Species of herpetofauna in Ontario have the highest diversity of 

any province (24 species of amphibian and 25 species of reptile), with a majority found in the 
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Mixedwood Plains ecozone (CARCNET, 2012).  Over half of these species (27 of the 49) have been 

identified as SAR (Ontario Nature, 2015).  

Within the Reptilia class, there are eight species of turtle (order: Testudines) native to Ontario 

(Ontario Nature, 2015).  Turtles can be easily grouped because they share similar life history traits 

(delayed sexual maturity, high nest mortality, and low annual fecundity) and most species are 

negatively affected by road-associated impacts (Beaudry, Demaynadier, & Hunter, 2008; Ferronato, 

Roe, & Georges, 2015; Steen & Gibbs, 2004; Steyermark, Finkler, & Brooks, 2008).  Seven of these 

eight species are considered to be at-risk in Ontario (see Table 2.1 for a list of Ontario’s native turtles 

and their conservation status in Canada and Ontario).  This is noteworthy because most conservation 

efforts and research are focused on SAR (Species at Risk Public Registry, 2016).  

Table 2.1: Species of turtle native to Ontario and their current COSEWIC (Committee on the Status of 
Endangered Wildlife in Canada) and SARA (Species at Risk Act) conservation status (Ontario Nature, 2015; 
Species at Risk Public Registry, 2016)

Scientific Name Species COSEWIC Status SARA Status

Apalone spinifera spiny softshell turtle endangered threatened
Chelydra serpentina snapping turtle special concern special concern
Chrysemys picta marginata midland painted turtle not at risk not at risk
Clemmys guttata spotted turtle endangered endangered
Emydoidea blandingii Blanding’s turtle endangered threatened
Glyptemys insculpta wood turtle threatened threatened
Graptemys  geographica northern map turtle special concern special concern
Sternotherus odoratus eastern musk turtle special concern threatened

In order to better comprehend roads as a substantial threat to turtle populations, it is necessary to 

consider the relationship between roads and turtles, as well as each species’ unique behavioural 

patterns, associated habitats and seasonal movements.  These characteristics will be identified for 

three species of turtle native to Ontario: Blanding’s turtle, midland painted turtle and snapping turtle.  

2.1.1 Turtles and Roads
In the past 50 years, Southern Ontario’s road network has expanded to become the most extensive 

in all of Canada (Lesbarrères et al., 2014; Statistics Canada, 2015).  This phenomenon is directly 

related to an increase in urbanization and its associated population growth.  Over the next 20 years, 

population within the Greater Golden Horseshoe is expected to grow by approximately three million 

people, leading to extensive road expansions by Ministry of Transportation-Ontario (MTO; OREG, 

2010). Overall, these roads have been beneficial to human society and have become a fundamental 
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part of our infrastructure (Forman et al., 2003).  However, after habitat loss, roads are also one 

of the leading causes of turtle population decline in Ontario (Aresco, 2005; Baxter-Gilbert et al., 

2015; Klemens, 2000; Langen, Gunson, Scheiner, & Boulerice, 2012; MNRF, 2016).  Road systems 

have direct and long-lasting impacts on turtles through habitat loss, degradation, fragmentation and 

vehicular trauma (Baxter-Gilbert et al., 2015; Beaudry et al., 2008; Dramstad, Olson, & Forman, 

1996; Klemens, 2000; Lesbarrères & Fahrig, 2012; Lesbarrères et al., 2014; OREG, 2010; Shepard, 

Kuhns, Dreslik, & Phillips, 2008; Species at Risk Public Registry, 2016).  

2.1.1.1 Habitat Loss
Habitat loss occurs when the original ecosystem has been altered to a degree that no longer supports 

the majority of its original biota (Klemens, 2000).  Changing the landscape to incorporate a road 

system can have both immediate and long-term effects on wildlife populations (Baxter-Gilbert et 

al., 2015; Roe & Georges, 2007).  For vulnerable species of wildlife such as turtles, the process of 

building the road itself can have an immediate impact on population levels (OREG, 2010).  However, 

most habitat alterations, such as changes resulting from hydrology, topography, and ecological 

processes, are apparent in the long-term (OREG, 2010; Roe & Georges, 2007).  This can include the 

elimination of a species’ entire habitat, or smaller sections of habitat that are necessary for particular 

life stages (including foraging, over-wintering, mating, and nesting).  A common example of this is 

the construction of a road through seemingly unimportant upland areas, which are necessary nesting 

habitat for females of many turtle species (MacKinnon, Moore & Brooks, 2005).  

2.1.1.2 Habitat Degradation
Habitat degradation is the process by which habitats are diminished in their ability to support 

populations of native wildlife (Klemens, 2000).  Unlike habitat loss, which occurs when suitable 

habitat has been eliminated, degradation deals with the condition of the remaining habitat.  

Introduced predators that use road systems as hunting grounds can impact individual mortality rates, 

while pollution associated with roads can have lasting effects at the population level.  Road pollution 

consists of noise and light disruptions, runoff, salt, and roadside pesticides (Baxter-Gilbert et al., 

2015; Klemens, 2000; Lesbarrères et al., 2014; OREG, 2010).   Due to a build-up of contaminants, 

turtle populations that inhabit roadside locations are at risk of deformations, lower hatch success 

rates, and an inability to successfully reproduce (Brand, Snodgrass, Gallagher, Casey, & Van Meter, 

2010; Klemens, 2000).  
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2.1.1.3 Habitat Fragmentation
As a direct result of habitat loss and degradation, habitat fragmentation occurs when barriers isolate 

suitable habitat into disconnected patches that are unable to support existing species (Forman et 

al., 2003; Klemens, 2000; Mazerolle & Villard, 1999). Patches are isolated by obstructions that 

make a species either unable (fences, curbs, concrete medians, etc.) or unwilling (perceived danger, 

unsuitable habitat, etc.) to cross the barrier (Shepard et al., 2008).  Roads fragment the landscape, 

often separating turtles from necessary resources in adjacent wetlands and terrestrial habitats (Roe 

& Georges, 2007).  The seasonal migration of many turtle species make them particularly vulnerable 

to the negative impacts of fragmentation in the landscape (Beckmann, Clevenger, Huijser, & Hilty, 

2010).  They also divide turtle populations into vulnerable sub-populations with restricted gene flow 

and vulnerability to genetic diseases (Ascensão, Clevenger, Santos-Reis, Urbano, & Jackson, 2013; 

Baxter-Gilbert et al., 2015; OREG, 2010; Shepard et al., 2008). In instances where turtles attempt to 

cross the road, there is an increased chance of vehicular trauma.  

2.1.1.4 Vehicular Trauma 
When an animal attempts to cross a road, there are at least three possible outcomes.  The animal 

could cross safely, without any interaction with a vehicle.  It could partially cross the road and be hit 

by a vehicle, resulting in a mortality (commonly known as roadkill).  Or it could be hit by a vehicle, 

survive, and continue to the roadside.  The first outcome is often not recorded in animal crossing 

data, unless the attempt is observed by researchers.  The other two possibilities are important for 

mitigation data and can be referred to as roadkill, wildlife-vehicle collisions (WVC), or vehicular 

trauma.  For the purposes of this paper, all instances (regardless of their outcome) will be defined as 

trauma.  

Vehicular trauma (particularly instances resulting in mortality) is one of the main impacts of roads on 

wildlife in Ontario (Beaudry et al., 2008; Ontario Nature, 2015; OREG, 2010).  Turtles are especially 

susceptible to road trauma because most species are relatively slow-moving, do not attempt to avoid 

roads, and have significant migratory patterns during mating, nesting and over-wintering periods 

(Beckmann et al., 2010; Forman et al., 2003; Gibbs & Steen, 2005; Klemens, 2000; Lesbarrères et 

al., 2014; OREG, 2010).  While most turtle species do not show a substantial avoidance of roads, 

some turtles are actually attracted to roads for thermoregulation and nesting at soft, gravel road 

shoulders (MacKinnon et al., 2005).  It has also been suggested that turtles may not avoid roads 

because of an evolutionary over-confidence that their shells protect them from threats (Gibbons & 
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Greene, 2009).  Other factors that influence possible trauma on roads include vehicle speed, traffic 

volume, land use adjacent to roadways (particularly habitat and barriers to movement), road material, 

and road width (Forman et al., 2003).  

2.1.2 Turtle Habitats
In Ontario, freshwater turtles inhabit a variety of waterbodies and terrestrial habitats between which 

the turtles migrate seasonally (MNRF, 2016; Ontario Nature, 2015; Species at Risk Public Registry, 

2016).  In spring and summer, all three focal species are generally found in wetland habitats (see 

Table 2.2) that can consist of lakes, ponds, marshes, bogs, and slow-moving rivers and creeks.  

Only the Blanding’s turtle, a semi-aquatic habitat specialist, spends a substantial amount of time 

independent of nesting in terrestrial habitat (MNRF, 2013).  Alternatively, both snapping and painted 

turtles (habitat generalists) are classified as aquatic because they only occasionally emerge from 

water to bask and lay eggs (Obbard & Brooks, 1980; Steen et al., 2012).  

In late spring or early summer, the adult females of each turtle species move to habitat with ideal 

nesting conditions.  The age of sexual maturity for turtle species is 14 years (Blanding’s), 5 years 

(painted), and 19 years (snapping; Ontario Nature, 2015).  There is no substantial difference between 

Table 2.2: Spring/summer, nesting and winter habitats of adult Blanding’s, painted and snapping turtles in Ontario 
(Graves & Anderson, 1987; MNRF, 2013; MNRF, 2016; Ontario Nature, 2015; Species at Risk Public Registry, 2016)

Species Spring/Summer Habitat Nesting Habitat Winter Habitat

Blanding’s turtle
Emydoidea blandingii

Eutrophic, shallow lakes, 
ponds, slow-flowing rivers, 
streams, marshes, bog, 
open fens with basking 
sites, thick vegetation and 
upland woods

Loose soils (including road 
shoulders); sunny area; 
good drainage

Hibernate in permanent 
wetlands and other bodies 
of water, occasionally 
temporary ponds 

midland painted turtle 
Chrysemys picta 
marginata

Waterbodies (ponds, 
marshes, lakes and slow-
moving creeks) that have a 
soft bottom and provide 
abundant basking sites and 
aquatic vegetation

Loamy or sandy soil 
(including road shoulders); 
sunny area 

Hibernate on the bottom of 
waterbodies

snapping turtle 
Chelydra serpentina

Slow-moving water with 
soft mud substrate and 
dense vegetation (highly 
aquatic)

Sand and gravel banks 
(including road shoulders); 
open area

Hibernate under floating 
vegetative mats, logs, 
overhanging banks in 
streams and lakes, or 
buried in mud
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the types of nesting sites preferred by each species, as all three like to nest in sunny/open areas with 

loose soils (which can include road shoulders).  However, the distance of a potential nesting site from 

their normal wetland habitat varies by species (see Table 2.3, discussed in section 2.1.3).  Table 2.2 

also highlights where these turtles go for hibernation in the winter.  Over-wintering sites, which are 

often inhabited for six months out of the year, vary from permanent wetlands to temporary ponds.  

Turtles generally bury themselves in mud or silt at the bottom of the waterbody, below the frost line 

(MNRF, 2013).  Snapping turtles are known for over-wintering at the bottom of wetlands that are 

close to shore, while Blanding’s turtles and painted turtles are found in various locations (Ontario 

Nature, 2015). 

Table 2.3: Mean, median and maximum distances (in metres) of turtle nests from 
water for three species of turtles (Blanding’s, painted and snapping) in Ontario, 
where n=sample size (adapted from Steen et al., 2012)

Species n Mean Median Maximum

Blanding’s turtle
Emydoidea blandingii

37 71.2 16.0 461.0

midland painted turtle 
Chrysemys picta marginata

55 77.8 11.0 1233.0

snapping turtle 
Chelydra serpentina

280 51.8 23.5 982.0

To summarize, all three focal species inhabit wetlands for most of the year.  Blanding’s turtles are 

the only species that spend a substantial amount of time on land.  For all three species, nesting sites 

occur in drier, sunnier areas with loose substrates, while spring, summer and over-wintering sites are 

generally located in a range of wetland conditions.  The main differences between snapping, painted, 

and Blanding’s turtles are the distance and frequency of travel between these habitats.  

2.1.3 Seasonal Turtle Migrations 
Freshwater turtles migrate between habitats to forage, mate, nest, thermo-regulate, and hibernate 

(Beaudry, Demaynadier, & Hunter, 2010).  Turtle movement is influenced by environmental factors 

(temperature patterns, weather events, habitat type and condition), demographic factors (population 

density, sex ratio, and age/size structure) and the turtle’s maturity and physiological state (sex, age 

and body size) (Gibbons & Greene, 2009).

Many of these movements can happen over short distances within the same habitat (e.g., 

thermoregulation and foraging).  However, certain life cycles (such as nesting and over-wintering) 



10

can require substantial migrations to habitats with distinctly different conditions.  The distance, 

frequency and timing of these over-land migrations vary by species and sex (Beaudry et al., 2010; 

Carstairs, Dupuis-Desormeaux, & Davy, in review; Steen et al., 2006).  Carstairs et al. (in review) 

noted that although the total number of male and female turtles (snapping, painted and Blanding’s) 

recorded for car-related trauma were not significantly different, cases of female turtles peaked in June 

while male turtles showed multiple smaller peaks throughout the season.  For most species, males are 

more likely to migrate between wetlands in search of mates for reproduction, while females move to 

suitable nesting sites during the nesting season (Steen & Gibbs, 2004).  

Blanding’s, snapping and painted turtles migrate seasonally between different types of habitat.  There 

are generally four times each year when noteworthy overland migrations occur: from over-wintering 

sites to summer habitat, from summer habitat to nesting sites (and back), between alternative summer 

habitats, and from summer habitat back to over-wintering sites (Caverhill et al., 2011; MNRF, 2016).  

Table 2.4 identifies the approximate movement date for each of these migration periods in Ontario 

(by species), as well as a comparative level of movement (low, medium or high) between the species. 

For each of the three focal species, general migration (not accounting for sex-biased movement) 

from hibernation site to summer wetland habitat occurs sometime during April or early May (MNRF, 

2016).  The returning migration (from summer habitat to hibernation site) occurs during the fall.  

Although there are limited data on this topic, it is generally agreed that Blanding’s turtles are most 

likely to travel the furthest, while snapping turtles are most likely to travel the shortest overland 

Table 2.4: Details on the over-land migrations of adult Blanding’s, painted and snapping turtles in Ontario, 
including migration type, date and a comparative level of movement (based on populations of Ontario’s turtles; 
MNRF, 2016; Ontario Nature, 2015; Species at Risk Public Registry, 2016; Steen et al., 2012)

Species Seasonal Migration Migration Date
Comparitive Level of 

Movement

Blanding’s turtle
Emydoidea blandingii

To summer habitat
To nesting site
Inter-wetland movement
To hibernation site

April-early May
Late May-early June
Summer
Late Fall

Med-High
High
Med-High
Med-High

midland painted turtle 
Chrysemys picta 
marginata

To summer habitat
To nesting site
Inter-wetland movement
To hibernation site

April-early May
Late May-early July
Summer
Late Fall

Med
High
Med
Med

snapping turtle 
Chelydra serpentina

To summer habitat
To nesting site
Inter-wetland movement
To hibernation site

April-early May
Late May-early June
N/A
Early-late Fall

Low
High
Very low
Low
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distance during these migrations (see Table 2.4).  Another difference based on species can be noted 

during inter-wetland migrations.  Blanding’s turtles are known to travel substantial distances between 

wetlands during the summer (independent of nesting migrations), while snapping turtles have no 

significant terrestrial migration between wetlands (MNRF, 2016).  Spring, fall and inter-wetland 

migrations for painted turtles are considered to be somewhere between Blanding’s and snapping 

turtles.

Nesting migrations, which have been studied the most extensively, differ considerably among the 

three species.  The nesting period of painted turtles is noticeably longer than those of the snapping 

turtle and Blanding’s turtle, although all three overlap (MNRF, 2016; Obbard & Brooks, 1987; Ontario 

Nature, 2015).  In addition to nesting date, mean, median and maximum distance between nesting 

site and nearest body of water has been noted for each species in Table 2.3 (page 9).  These data 

were derived from Steen et al., (2012), who synthesized all relevant literature on the overland nesting 

migration distances of turtle populations in North America, separated by state/province.  Based on this 

study, it was difficult to state with certainty which species had the greatest nesting migration distance 

because of inconsistencies between mean, median and maximum levels for Ontario populations.  

However, when the records were considered for all species within a given genera (for all populations 

in North America), results were more expected.  Table 2.5 summarizes the distances between turtle 

Table 2.5: Summary of North American distances 
(in metres) between turtle nest and nearest wetland 
(presented by genera and sorted into three percentiles: 
50%, 75%, 95% (adapted from Steen et al., 2012))

Genus n 50% 75% 95%

Emydoidea 450 102 172 408

Chrysemys 4100 34 60 154

Chelydra 1043 25 49 116

nest and nearest wetland, broken into three 

percentiles (distance required to include that 

percentage of the sample).  Chelydra (snapping) 

had the shortest movement distances, Emydoidea 

(Blanding’s) had the longest distances, and 

Chrysemys (painted) were between the two 

(Steen et al., 2012).  This discrepancy between 

North American distances and Ontario averages 

may be due to sampling size, data collection 

methods, differences in specific populations or 

other reasons. 

In general, Blanding’s turtles have the most frequent terrestrial migration, potentially over the 

largest terrestrial distance.  Alternatively, snapping turtles are the most aquatic, rarely leaving the 

water except for movement to nesting sites and therefore have the shortest, least frequent terrestrial 
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migrations.  Less is documented on painted turtles, although literature appears to point to mid-level 

migrations.  This means that Blanding’s turtles have the greatest potential (of the three species) to 

cross a road, which increases their chance of vehicular trauma.  

Due to the complex migratory patterns and habitat requirements of turtles, vehicular trauma has 

become a substantial cause of adult turtle mortality.  This has resulted in the rapid decline of turtle 

populations along roadways, which can be prevented through careful, well-planned mitigation.  For 

mitigation strategies to be both cost-effective and successful, mitigation must be implemented in 

locations with the highest need and greatest potential for success.  The following section will explore 

current mitigation strategies and their effectiveness.

2.2 Road Mitigation Strategies
As previously established, roads pose many threats to Ontario’s biodiversity.  Fortunately, there are 

strategies that can help reduce these threats.   These strategies can occur at the pre-construction, 

planning stage (avoidance, removal, and compensation) or during road construction and 

modifications (Clevenger & Huijser, 2011; MNRF, 2016).  Ideally, road-related impacts on wildlife 

can be prevented by designing roads to avoid SAR habitat altogether.  Only occasionally is it also 

possible to remove a road or, if necessary, relocate it through a less sensitive landscape (OREG, 

2010).   However, when impacts are unavoidable, mitigation practices can help reduce threats 

associated with roads. 

The goal of mitigation strategies is to maintain wildlife connectivity while reducing road-related 

wildlife mortality (Ascensão et al., 2013; Clevenger & Huijser, 2011; OREG, 2010). The types of 

mitigation to consider include wildlife crossing structures and influencing driver behaviour.  Both 

types can be used to reduce wildlife mortality, and when applied in effective combinations at optimal 

sites, wildlife connectivity can also be maintained. 

2.2.1 Wildlife Crossing Structures
When roads are built through sensitive habitat, the first goal should be to keep fauna off the 

road (OREG, 2010).  This can be done through the use of wildlife crossing structures, which aid 

wildlife in crossing roads without interacting with vehicles.  The design and style of eco-passage is 

dependent on the target species (dimensions, lighting, substrate, noise, moisture, etc.) and should 

be placed where animals naturally approach the road (OREG, 2010).  Certain underpasses have 
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been specifically designed for turtle use.  These include box, arch and round tunnels (MNRF, 2016).  

Existing culverts can also be modified into effective crossing structures for turtles by following 

mitigation guidelines. 

In addition to eco-passages, barriers such as exclusionary fencing and road grading can further 

prevent wildlife from accessing roads (Ascensão et al., 2013; Baxter-Gilbert et al., 2015; Gunson, 

2010; Lesbarrères & Fahrig, 2012; OREG, 2010).  Fencing requirements (including barrier height, 

amount buried under ground and mesh size) vary depending on target species (Baxter-Gilbert et 

al., 2015; Clevenger & Huijser, 2011).  Both Aresco (2005) and Baxter-Gilbert et al. (2015) found 

that predation of turtles along drift fencing and in eco-passages was negligible compared to the 

overall number that would have been killed while crossing the road.  Implementation of this type of 

mitigation should begin at the planning phase (MNRF, 2016). 

Currently, most animal crossing structures in North America are designed and located based on 

citizen science and an ad-hoc approach (Gunson & Schueler, 2012; Langen, Ogden, & Schwarting, 

2009).  Placing crossing structures only in response to local interest groups is likely socially-biased 

and misses many important areas.  This project-by-project method can also be costly and ineffective 

(Carruthers & Gunson, 2015).  That is why it is essential to use evidence when choosing the optimal 

location for mitigation sites. 

Based on the best management practices (BMP) for herpetofauna road mitigation (MNRF, 2016), the 

suggested steps on locating animal crossing structures include (emphasis added): 

1. Identifying and prioritizing road segments for mitigation

2. Identifying specific locations and designs for potential permanent mitigation (i.e. crossing 

structures & fencing)

3. Developing a comprehensive mitigation plan that addresses the needs of all target species.  This 

mitigation plan should be based on (Beckmann et al., 2010; Clevenger & Huijser, 2011): 

a. Satellite images and/or aerial photos

b. Maps (land cover, vegetation, topography, landownership, wildlife habitat)

c. Wildlife movement models (based on expert opinion or empirical studies)

d. Data (field research, roadkill/trauma, road network)

4. Identifying temporary mitigation measures to minimize impacts during construction 

5. Developing monitoring and a performance evaluation plan 
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When developing a comprehensive mitigation plan for the target species, it is intuitive to use roadkill 

or trauma data to determine where wildlife crossings should be placed.  However, using trauma data 

as the sole determinant for mitigation locations can be problematic (Teixeira, Kindel, Hartz, Mitchell, 

& Fahrig, 2017) because trauma clusters can move over time from high-traffic road segments to 

low-traffic road segments due to population depression (see Figure 2.2).  In cases where population 

depression was caused by road mortality, it may be possible to implement mitigation and re-establish 

the population.  That is why trauma data should be supplemented with population abundance data 

(Teixeira et al., 2017), habitat linkage mapping, and/or movement models (Beckmann et al., 2010).  

Supplementary data are based on animal distribution, which can help determine where the highest 

per capita mortality (chance of an individual in the population being killed by road traffic) is located.  

When good population data are not available, habitat quality, traffic volume, and road age may be 

potential alternatives.  

Figure 2.2: Illustration of change in roadkill hotspot density over time due to 
population depression (adapted from Teixeira et al., 2017)
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+

-
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There are also general guidelines for choosing the appropriate location of specific mitigation 

strategies.  Crossing sites should be associated with the target species’ movement corridors and occur 

within the species home range (Beckmann et al., 2010; Clevenger, Chruszcz, & Gunson, 2001).  Sites 

must also make sense with existing topographic features so they are not located over impassable 

terrain, such as steep cliffs or retaining walls (Clevenger & Huijser, 2011).  When possible, structures 

should be designed for multiple species within nearby habitat (either by providing a crossing 

structure that can be used by multiple species or a range of crossing structures of differing types and 
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2.2.2 Influencing Driver Behaviour
Wildlife crossing structures, while at least partially effective, can also be quite costly (Ascensão 

et al., 2013; Gunson, 2010; MTO, 2015).  An alternative mitigation strategy is to influence driver 

behaviour so that motorists are aware of potential wildlife crossings.  To increase visibility, it may 

be necessary to change the elevation/curvature of the road (straighter roads allow clearer sightlines), 

enhance lighting, decrease speed limits, and clear vegetation along road shoulders (OREG, 2010).  

These methods can be used in conjunction with increased public education such as volunteer 

migration, seasonal road closures, and social awareness campaigns (Beaudry et al., 2008; Carruthers 

& Gunson, 2015; MNRF, 2016). 

Wildlife Habitat Awareness (WHA) signs can be used to both increase visibility and educate the 

public by alerting drivers of possible wildlife presence (MTO, 2015).  To prevent desensitization, 

these signs can either be placed seasonally (when the expected presence will be highest) or be 

interactive (e.g., lights when presence is detected).  When used correctly, signage can cost-effectively 

increase driver awareness.  However, one issue associated with signs is their tendency to be stolen 

(OREG, 2010).  In a study on the effectiveness of turtle road crossing signs, it was estimated that 

27% of signs have been stolen in Ontario (Gunson & Schueler, 2012).    

For effective mitigation, the locations of these strategies should coincide with high concentrations 

of animal road trauma.  MTO has started to use evidence-based planning tools, such as the Small 

Animal Mitigation Planning Tool (SAMPT) which will be further discussed in Section 2.3.  Before 

Figure 2.3: Illustration of A) crossing structure 
connecting wildlife habitat to larger regional 
corridor network, and B) crossing structure 
leading wildlife to an ecological ‘dead-end’

A

B

sizes).  For wildlife connectivity, structures 

must be located so that crossings connect to the 

larger regional corridor network (Beckmann 

et al., 2010; MNRF, 2016).  This prevents 

animals from crossing the road into ecological 

“dead-ends” (illustrated in Figure 2.3).

Wildlife crossing structures, when properly 

located and designed, can help keep wildlife 

off the road while maintaining connectivity.
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SAMPT, locations were mainly determined by regional environmental groups in each township or 

county.  These environmental groups generally based their mitigation locations on citizen science and 

habitat information (OREG, 2010).  By modeling trauma data and landscape features, Gunson and 

Schueler (2012) found that 13% of existing signs were not located at established trauma hotspots.  

This study led to the development of tools (such as SAMPT) that help to effectively locate WHA 

signage. 

2.2.3 Evaluating Turtle Road Mitigation 
For a mitigation strategy to be considered effective, it should reduce the abundance of wildlife on 

roads, maintain habitat connectivity, and prevent prey-trap formations (Baxter-Gilbert et al., 2015).  

To evaluate mitigation measures for their effectiveness, rigorous and accessible monitoring that 

measures results before and after implementation is needed (Baxter-Gilbert et al., 2015; Lesbarrères 

& Fahrig, 2012).  One method of monitoring is to use BACI research (Before-After-Control-Impact), 

which can help identify whether the project has been successful (Lesbarrères & Fahrig, 2012).  

Although researchers are beginning to show an interest, monitoring of turtle mitigation projects is 

sparse (MNRF, 2016).  

Of the few projects that have monitored and evaluated turtle road mitigation strategies, two do not 

identify how their mitigation sites were chosen (Aresco, 2005; Baxter-Gilbert et al., 2015), one chose 

their mitigation site based on a high number of citizen reports (Caverhill et al., 2011), and one based 

mitigation sites on hotspot analyses from road surveys conducted the previous year (Gunson, Seburn, 

& Lesbarrères, 2014).   This shows that road projects currently locate mitigation sites in a variety of 

ways.

In 2005, an effective turtle mitigation project occurred near Jackson Lake in Florida.  This study, 

conducted by Aresco, monitored a section of highway before and after temporary fencing was 

installed around an existing drainage culvert.  Before drift fencing was installed, 100% of turtles 

attempting to cross Highway 27 were killed.  After mitigation, two and a half years of monitoring 

found that 99% of turtles were able to successfully cross beneath the highway.  This was a successful 

project, not only because it greatly reduced roadkill, but because it had a rigorous monitoring system 

to evaluate its effectiveness.  



17

Another turtle mitigation project was conducted in central Ontario along Highway 400.  Baxter-

Gilbert et al. (2015) used a BACI design to compare reptile abundance before and after mitigation 

(fencing and three eco-passages) at an impacted site and a control site.  Unfortunately, they found a 

20% increase in dead turtle presence on the road post-mitigation at the impact site (vs a 2% increase 

at the control site).  This suggests that the fencing was not only ineffective, but mortality actually 

increased after installation.  This may have occurred because of improper fence design, maintenance, 

or an unwillingness of turtles to use the eco-passages.  Effective monitoring was useful in this case 

because, while the location may have been well-chosen (since mortality rates increased), the overall 

mitigation design and installation led to substantial project failures.  These problems should be 

identified and avoided in future projects.

Caverhill et al. (2011) prepared a report on Blanding’s and snapping turtle response to mitigation 

measures installed along Highway 24 in Southern Ontario.  The location of the installed mitigation 

was chosen based on a report that documented eight Blanding’s turtles and two Snapping turtles 

killed in one day at the Mount Pleasant Creek crossing in April 2008.  Shell fragments and additional 

live turtles found at the site led researchers to deem this location a hotspot for turtle road mortality. 

Temporary (followed by permanent) exclusionary fencing was installed around culverts at the 

site and monitored in 2010 and 2011. Surveys found that no turtles were killed on the road at the 

mitigation site in 2010, and only two turtles were killed in 2011 (one of which likely went around 

the fence and the other through a hole that was found).  These results suggest a positive response to 

mitigation efforts.  

Gunson, Seburn, and Lesbarrères (2014) surveyed 100 kilometres of highway in Southern Ontario 

for turtle roadkill during 2012 and 2013.  Mortality hotspots were identified based on 2012 data by 

conducting kernel density analyses and clustering analyses.  Of these mortality hotspots, four sites 

were chosen for temporary mitigation fencing (based on SAR presence and existing culverts), which 

was installed in May and June of 2013.   There was an increase in total number of turtles observed 

from 2012 (248) to 2013 (312) over the 100 kilometres of surveyed highway, but a reduction of 50% 

at the mitigated sites.  Of the turtle roadkill observed at the mitigated sites in 2013, most were found 

at the fence ends.  This may indicate a flaw in identifying the scale of the necessary mitigation or an 

error in the fence design.  



18

In each of these turtle mitigation projects, results depended on appropriately locating the mitigation 

site, effectively designing, installing and maintaining crossing structures, and monitoring the site 

before and after mitigation for success.  

2.3 Turtle Road Trauma
Past research has found turtle road trauma instances to be aggregated in certain locations and at 

certain times throughout the year (Beaudry et al., 2008; Beaudry et al., 2010; Cureton & Deaton, 

2012; Gunson, Ireland, & Schueler, 2012; Gunson, Mountrakis, & Quackenbush, 2011; Gunson & 

Schueler, 2012; Gunson et al., 2014; Langen et al., 2012; Langen et al., 2009; MacKinnon et al., 

2005).  To save the greatest number of turtles for the lowest cost, mitigation strategies should be 

focused where turtle trauma is clustered.  The following sections will highlight relevant research on 

the spatial and temporal clustering of turtle road trauma.  

2.3.1 Spatial Patterns
When trauma data are analyzed, certain locations are found to have more data points than could be 

expected randomly (Beaudry et al., 2008; Carruthers & Gunson, 2015; Cureton & Deaton, 2012; 

Gunson et al., 2012; Gunson et al., 2011; Gunson & Schueler, 2012; Gunson et al., 2014; Langen 

et al., 2012; Langen et al., 2009; MacKinnon et al., 2005).  These concentrations of high trauma 

instances are known as hotspots, which are often species-specific.  The following sections will 

summarize relevant research that has been conducted on the spatial clustering of turtle road trauma.  

For a complete summary of the research objectives, study area and duration, target species, methods 

of analysis, variables, and conclusions of each study being reviewed, refer to Appendix A.   

2.3.1.1 Past Research
Studies that review road trauma research for all wildlife (or large groups of wildlife) are able to 

make general, landscape-level conclusions about interactions between vehicles and wildlife on roads.   

Gunson et al. (2011) reviewed 24 trauma studies from North America that used generalized linear 

models to statistically determine the influence of explanatory predictors on the location of WVCs.  

After synthesizing results, Gunson et al. (2011) concluded that future research requires specific 

modelling for each target species on a road-by-road basis.
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Since general studies do not provide an in-depth analysis of trauma spatial patterns, it is necessary 

to review research on hotspots specific to turtle species.  The objectives of MacKinnon et al. (2005), 

Langen et al. (2009), Langen et al. (2012), Cureton and Deaton (2012), Gunson et al. (2012), and 

MTO (2015) were to locate areas of high-risk road mortality (aka hotspots) for turtles.  Many of 

these studies also tried to identify potential predictors of trauma or trauma hotspots.  MacKinnon et 

al. (2005) used multivariate regression models to identify landscape features associated with high 

levels of roadkill for turtle and snake species in the Georgian Bay area of Ontario.  Langen et al. 

(2009) identified hotspot indicators and validate predictive models.  Their research used logistic 

regression models focused on all herpetofauna located in New York State.  This was followed by a 

more refined study by Langen et al. in 2012, which evaluated hotspots and identified associated road 

and landscape features for three turtle species in Northeastern New York State.  These evaluations 

were conducted through kernel density analyses and multiple linear regression models.  Cureton and 

Deaton (2012) identified hotspots (and their associated factors) for five turtle species in Northeast 

Texas using a general linear model.  Similarly, Gunson et al. (2012) developed a GIS model to 

predict high-risk locations for three species of turtle in Southern Ontario.  Most recently in 2015, 

Kari Gunson and Brenda Carruthers created a Small Animal Mitigation and Planning Tool (SAMPT) 

for the MTO.  SAMPT defines where wildlife mitigation should be prioritized for small animals on 

provincial highways, using a predictive occurrence model to evaluate where hotspots are likely to 

occur for certain SAR species (one of which is Blanding’s turtles).   

Gunson and Schueler (2012) and Gunson et al. (2014) conducted research with similar objectives, 

but instead included their trauma research as a component of larger mitigation studies.  The former 

compared statistically validated trauma hotspots to the location of existing WHA signage in Southern 

Ontario.  Hotspots were determined using a GIS model that statistically analyzed trauma locations 

(of six turtle species) in relation to habitat and road type.  In 2014, Gunson et al. evaluated the 

effectiveness of barrier fencing on three species of turtle (snapping, painted and Blanding’s) in 

Southern Ontario.  They used linear and kernel density analyses to determine hotspot density and 

location before and after the installation of mitigation fencing.  

In addition to researching the location of turtle road trauma, hotspots have been examined at a 

range of spatial scales (Beaudry et al., 2008; Gunson et al., 2014; Langen et al., 2012).  Beaudry 

et al. (2008) focused on spotted and Blanding’s turtles in York County, Southern Maine.  The three 
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spatial scales examined were fine scale (individual animal crossing; less than 0.5 kilometres); coarse 

scale (population behaviour patterns and road segment characteristics; up to 5 kilometres); and 

geographic scale (species life history traits, patterns of movement, and habitat selection; greater than 

5 kilometres).  They used tortuosity predictions and gravity models to examine the distribution of 

roadkill risk (hotspots) and probability of extinction, based on three years of observational turtle data.  

Gunson et al. (2014) and Langen et al. (2012) used Ripley’s K to select an appropriate scale at which 

to analyze trauma clustering.  

In summary, multiple studies have been conducted on the spatial patterns associated with turtle 

road trauma.  Hotspot location, scale and associated factors have been examined by researchers for 

multiple species inhabiting a range of North American jurisdictions.  The following section will 

examine variables common to each of these studies.

2.3.1.2 Common Variables 
For almost all of the studies being analyzed, the dependent variable was road mortality location 

or hotspot location.  Beaudry et al. (2008) also attempted to determine road crossing location (fine 

scale) and probability of local extinction (geographic scale), while Gunson et al. (2014) and Langen 

et al. (2012) looked at the clustering scale of hotspots as a dependent variable. 

The most common independent variables thought to influence hotspot locations include adjacent 

land cover or habitat proportion (within a certain distance of each road segment), and occasionally 

traffic volume.  Less commonly considered factors include distance to water/wetland; wetland type, 

configuration (shape/ratio of land to water) and area; habitat suitability; road attributes; and presence/

absence of causeways.  Another report (Gibbs & Shriver, 2002) found that road density may affect 

possible trauma locations.  The factors found to have the most significance will be further discussed, 

including the methods used to determine them.  

Adjacent land cover or habitat proportion was the most commonly mentioned independent variable, 

as it was considered in all of the research conducted on the spatial clustering of turtle road trauma 

locations.  Land covers were identified through National Wetland Inventory maps (Beaudry et al. 

2008), the Southern Ontario Land Resource Information System (SOLRIS) (Gunson et al., 2012; 

Gunson & Schueler, 2012; MTO, 2015), United States Geological Survey (USGS) National Land 

Cover Dataset, high-resolution orthoimagery (Langen et al., 2009; Langen et al., 2012), Ontario Base 

Map road data and digital infrared air photos (MacKinnon et al., 2005), and unknown ArcGIS data 
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Table 2.6: Land cover classifications used in five studies that were analyzing possible factors affecting 
the spatial clustering of turtle road trauma

MacKinnon 
et al., 2005

Langen et 
al., 2009

Langen et 
al., 2012

Cureton & 
Deaton, 

2012

Gunson et 
al., 2012 

Gunson & 
Schueler, 

2012 
MTO, 2015

Water Wetland Wetland Waterbody Wetland Wetland
Marsh
Swamp
Wetland

Forest Forest Forest Forest Forest Forest Forest

Field
Row Crop
Pasture

Cropland Agriculture Agricultural

Residential
Commercial

Developed
Open space

City Built-up

Grassland Grassland 
Road
Rock

Other Other Undifferentiated

*Same as Carruthers & Gunson, 2015

Land 
Cover 
Types

layers (Cureton & Deaton, 2012). Land covers were divided into different categories (ranging from 

three to seven land cover types) for each study (refer to Table 2.6). 

Proportions of these land covers were identified within certain distances around the road segment/

point being analyzed.  Each study had a different method of determining the appropriate distance.  

Beaudry et al. (2008) used the mean length of wetland-wetland movement for each species observed 

over three years (spotted: 211 metres; Blanding’s: 364 metres).  Gunson et al. (2012) and Gunson 

and Schueler (2012) used a buffer of 200 metres around each road pixel, assuming 12.6 hectares 

encompass the core terrestrial zone of reptiles and amphibians.   A distance of 100 metres (based on 

an exploratory approach that tested a range of scales) was used by Langen et al. (2009 and 2012), 

while arbitrary values of 50 metres and 500 metres were chosen by MacKinnon et al. (2005) and 

MTO (2015), respectively.  Cureton and Deaton (2012) identified land covers using an alternate 

method.  Instead of defining the land cover proportion within a certain distance of the road, they 

measured the distance from the midpoint of the road segment to the edge of the nearest agricultural 

plot, city, forest, grassland, and water body.

Traffic volume was determined by Cureton and Deaton (2012) through interpolation maps based on 

known data from the Texas Department of Transportation.  Langen et al. (2009) estimated traffic 

volume using AADT (annual average daily traffic) from the most recent and nearest traffic volume 

monitoring station.  This method was also used by Langen et al. in 2012.  Traffic volume was also 

determined to be a significant variable by Gunson et al. (2011), although they did not identify how 

each study in their review determined traffic volume.  
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Variables were determined using multiple methods, interpreted from a variety of sources.  Based on 

the variables analyzed in each study, land cover/habitat proportion and traffic volume were the most 

significant.  

2.3.1.3 General Conclusions and Limitations
Based on an analysis of relevant research on turtle road trauma locations, spatial clustering is 

dependent on species (Cureton & Deaton, 2012) and commonly occurs where roads with high traffic 

volumes bisect favourable habitat (Beaudry et al., 2008; Gunson et al., 2012; Gunson et al., 2011; 

Langen et al., 2012; MTO, 2015).  Certain studies also found that clustering increased in areas with 

low visibility related to road curvature and vegetation (Gunson et al., 2011), close proximity to water 

(Langen et al., 2012; Langen et al., 2009) and higher road density (Gibbs & Shriver, 2002).  For a 

summary of each study’s conclusions, see Appendix A. 

In order to understand where research on the spatial patterns of turtle road trauma is lacking, 

limitations of existing studies were identified.  Table 2.7 summarizes common issues associated with 

each of the discussed studies (not including Gunson et al.’s (2011) review on multiple studies).  All 

Table 2.7: Limitations of turtle road trauma studies - either directly identified within the study or determined externally 
(X+ identifies studies that included multiple turtle species in their research, but did not analyze for species as an 
independent variable)

MacKinnon 
et al., 2005

Beaudry 
et al., 
2008

Langen 
et al., 
2009

Langen 
et al., 
2012

Cureton 
Deaton, 

2012

Gunson 
et al., 
2012

Gunson 
Schueler, 

2012

Gunson 
et al., 
2014

MTO, 
2015

Trauma data is from 
2-3 year study 

X X X X X X

Trauma data is 
opportunistic

X X X

Does not include 
population or 
abundance data

X X X X X X X X

Broad landscape-
level data/analyses

X X X X X X

Only considers 
state/provincial 
highways

X X X X X

Model is not sex-
specific

X X X X X X X X X

Model is not species-
specific

X X  X+ X+  X

Model has not been 
validated with 
independent data

X X X  X  X

*Same as Carruthers & Gunson, 2015
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of these past research studies had some issue with collecting trauma data.  Either trauma data were 

based on rigorous surveys conducted over short periods (two-three years), or were collected from 

sources with opportunistic data over many years.  Short term-data collection can be problematic due 

to potential annual variability (weather, animal abundance, etc.), while long-term opportunistic data 

may not accurately represent absence locations (which can impact many modeling techniques).  This 

limitation is difficult to prevent in trauma research.  In addition to trauma data, population data or 

species abundance were rarely considered.  This may represent an issue because potential population 

depression is not accounted for (Teixeira et al., 2017).

As stated by Gunson et al. (2011) in their review of 24 trauma studies, “much of the current literature 

has gleaned the obvious, broad-scale relationships between WVCs and predictors from available data 

sets” (p. 1074).  This was common for many of the studies reviewed in the previous section, as they 

collected and analyzed data at a broad, landscape-level spatial resolution.  Over half of the studies 

also limited their research to provincial or state highways.  This has the potential to miss results that 

may be significant at finer resolutions or at municipal/county roads.  

Since trauma concentrations have been identified as species- and sex-specific, the fact that few 

studies actually considered species (and none considered sex) as independent variables is another 

substantial limitation.  Some of the studies collected data on a wide range of species (Gunson & 

Schueler, 2012; Langen et al., 2009; MacKinnon et al., 2005) and made broad conclusions about the 

entire group (such as herpetofauna).   Others collected data from multiple turtle species, but did not 

consider them as a possible independent variable (Gunson et al., 2012; Langen et al., 2012).  Only 

Beaudry et al. (2008), Cureton & Deaton (2012), Gunson et al. (2014) and MTO (2015) factored 

species into their spatial analysis models.  After analyzing all appropriate variables, models should 

also be validated with independently collected data.  Validation methods were not explicitly stated for 

over half the reviewed studies.  

Future research should use long-term trauma and population data from a variety of sources to 

examine species-specific habitat features associated with high concentrations of turtle road trauma.  

Landscape data should be collected and analyzed at a finer spatial resolution, while considering road 

type, species, and sex as independent variables.   Finally, predictive models should be validated with 

independent data.  This will help prioritize the location of potential road mitigation strategies.  
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2.3.2 Temporal Patterns of Turtle Road Trauma 
Studies have shown that turtle road trauma is temporally aggregated (Beaudry et al., 2010; Cureton 

& Deaton, 2012).  This means that trauma instances occur during peak periods throughout the year.   

Research has also found that the proportion of males in turtle populations has increased linearly 

by year, which seems to be caused by female turtle vulnerability to vehicle-induced road mortality 

(Gibbs & Steen, 2005; Steen et al., 2006; Steen & Gibbs, 2004).  This may indicate that there is an 

association between sex-related movement, season, and sex-specific trauma.  The following sections 

explore research relevant to the temporal patterns associated with turtle road trauma.  Appendix B 

summarizes the research objectives, study area and duration, target species, methods of analysis, 

variables and conclusions for each of the temporal studies. 

2.3.2.1 Past Research
Compared with spatial clustering, less research on the temporal aspects associated with turtle trauma 

have been conducted.  In 2010, Beaudry et al. used population simulations based on three years of 

trauma data to identify potential hot moments (instances of peak trauma) for Blanding’s turtles in 

Maine, USA.  Their intention was to determine the optimal timing of mitigation strategies for this at-

risk species.  Cureton and Deaton created a similar study in 2012 to identify the hot moments of five 

turtle species in Northeast Texas.  Their general linear model was based on two years of data.  From 

this model, they concluded that conservation efforts should be focused on reducing mortality during 

peak seasons, instead of year-round. 

Most recently, Ferronato et al. (2015) studied the movement, behaviour and survivorship of the 

Eastern long-necked turtle in Canberra, Australia.  The objective of this study was to compare the 

movement and survivorship of female turtles in suburbs to those in an adjacent nature reserve.  While 

this did not explicitly explore peak moments of road trauma, their results were interesting.   They 

conducted multiple linear regressions based on two years of observational data, and found that 

there was a significant difference between the two populations of Eastern long-necked turtle.  This 

difference was based on temperature and rainfall, and had no significant relationship to season. 

2.3.2.2 Common Variables 
In both studies attempting to identify peak moments of turtle road trauma (Beaudry et al., 2010; 

Cureton & Deaton, 2012), the dependent variable was peak trauma, quantified by number of 
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instances over time.  Unlike these two studies, the dependent variables for Ferronato et al. (2015) 

were weekly movement distance and annual survivorship.

An independent variable common to all three studies was season (date).  This makes sense because 

each of these studies wanted to determine whether season affects turtle mortality.  Other variables 

commonly included in at least two of the studies were traffic volume, temperature and precipitation.  

Traffic volume was based off of AADT gathered from the Maine Department of Transportation 

(Beaudry et al., 2010) and estimated using Territory and Municipal Services data for a major road 

that bisected the site (Ferronato et al., 2015).  Climate data (daily precipitation and average air 

temperature) were gathered from the National Oceanic and Atmospheric Administration (NOAA) 

weather station in Texas (Cureton & Deaton, 2012) and the Australian Bureau of Meteorology 

(Ferronato et al., 2015).  Finally, species and sex were noteworthy independent variables, but were 

each only considered in one study.

2.3.2.3 General Conclusions and Limitations
Beaudry et al. (2010) identified early summer (June to mid-July) as a period of elevated risk for both 

male and female Blanding’s turtles in Maine, USA.  Similarly, May and June were identified as hot 

moments for the five turtle species in Texas, which was found to correspond with peak nesting season 

(Cureton & Deaton, 2012).  

In the third study, results found that weekly movement distances of female turtles were positively 

correlated with maximum air temperature and weekly rainfall, but had no correlation with location 

or season.  Survivorship was related to location (higher mortality associated with suburban turtles 

– 89% of which was due to vehicular collisions), but had no relationship to season.  Although this 

study was conducted in Australia, results suggest that in some cases mortality may be more strongly 

related to location (proximity to roads) than season (life-cycle movement). 

These studies on temporal patterns of turtle road mortality had similar limitations as the spatial 

studies.  All three were based on only two- three years of data.  This is particularly problematic for 

studies looking at variation over time.  Furthermore, none of the models included population data or 

were validated with independently collected data.
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2.4 Gaps in the Research
A great deal is known about roads, wildlife, and vehicular trauma as distinct topics.  There is also 

some knowledge about hotspots and hot moments, specifically for at-risk species such as turtles.  

Relevant research on this topic has identified quite a few possible factors that may influence the 

location and seasonality of turtle road trauma clusters (including land cover, road surface/width, 

traffic volume, climate conditions and sex/species-specific movement).  However, much of the 

complex relationship between these aspects remains unknown.  For example, this research has not 

sufficiently explored the influence of varying spatial scales on the target species being considered.  

The purpose of examining multi-scale landscape data (from coarse-scale satellite imagery to fine-

scale trauma locations and landscape features) is to determine the optimal scale at which the species 

experience and respond to the landscape.

In order for mitigation to be effective for individuals, populations, and communities, more trauma 

data (over several years) and multi-scale landscape data could fill gaps among the existing literature.  

Doing so might help make more effective decisions about mitigation and avoid problems associated 

with poor execution of mitigation strategies that can increase trauma.
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Chapter 3: Methods

To analyze the spatial and temporal clustering of turtle road trauma in Southern Ontario, data from 

multiple sources were compiled, mapped, and analyzed.   ArcGIS 10.4 was used to outline trauma 

hotspots and identify their associated landscape features, while IBM SPSS Statistics 24 analyzed the 

statistical significance of landscape factors at each of the trauma points.  This chapter will further 

describe the methods used to collect, prepare and analyze the data. 

3.1 Databases
Data from multiple sources were used to analyze turtle road trauma clustering in Southern Ontario.  

Beckmann et al., (2010) and Clevenger and Huijser (2011) identified aerial photos, maps (land 

cover, topography, landownership, wildlife habitat), wildlife movement models, and other data (field 

research, roadkill and road network) as important when developing a comprehensive mitigation 

plan.  For this study, turtle trauma data (derived from existing sources), landscape data (interpreted 

and classified from recent aerial photography), and traffic volume/road attribute data (developed 

from existing sources) were integrated for analysis.  Wildlife movement models were not included 

as a data source because they were not readily available for the target species.  Landscape maps and 

observational data were used as alternatives for determining where the species may move through the 

landscape. 

3.1.1 Turtle Trauma 
Turtle trauma data were obtained from the Ontario Turtle Conservation Centre (OTCC), Ontario’s 

only turtle hospital that treats, rehabilitates and releases injured native turtles.  Located in 

Peterborough, Ontario, the OTCC admits hundreds of turtles each year with a range of injuries 

(primarily road-related).  Intake records of turtles admitted to the centre from 2002 to 2016 include 

intake number, species, sex, age, carapace length/width, intake date, whether the animal is gravid 

(carrying eggs), trauma location/address, finder information, circumstance (reason for admittance), 

outcome (what happened to the turtle after admittance), outcome date, and additional comments.   

Trauma/population data from additional sources (including the Natural Heritage Information Centre 

(NHIC) and the Ontario Reptile and Amphibian Atlas (ORAA)) were not included.  While NHIC 
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and ORAA datasets are geographically and historically extensive, locational accuracy (particularly 

in historic observations) is often quite poor, sex identification is rarely noted, and road trauma 

data is not readily distinguished from other observations.  Therefore, only OTCC data (including 

intake number, species, sex, intake date, trauma location/address and reason for admittance) were 

considered for analysis.  

Through a preliminary examination, OTCC data records from 2011 to 2016 had all six necessary 

variables and were in a digitized format.  2002-2009 records were not digitized, and data from 2010, 

although available, did not include the necessary locational accuracy.  Therefore, data records from 

January 1st, 2011 to December 31st, 2016 were used when determining trauma hotspots.   

To prepare the data for analysis, records had to be re-organized, cleaned and updated.  To begin, all 

hatchlings were removed from the dataset because they were harvested from injured females and 

hatched at the centre.  In addition to hatchlings not being directly related to vehicular trauma, in 

certain cases, hundreds of hatchlings were found at one location; this could substantially skew spatial 

results (Gunson et al., 2014).  Table 3.1 summarizes the OTCC intake records after hatchlings were 

Table 3.1: Number of turtles (by species) admitted to the OTCC 
from 2011 to 2016 (not including hatchlings).  ‘Other’ consists of 
12 additional species

Year Blanding's Painted Snapping Other TOTAL

2011 18 139 78 4 239
2012 10 115 85 6 216
2013 26 200 108 11 345
2014 31 203 114 9 357
2015 35 212 148 19 414
2016 18 218 97 6 339

TOTAL 138 1087 630 55 1910
Percent 7 57 33 3

removed.  It shows the number of turtles 

admitted to the centre during the six 

study years.  Three species were chosen 

for further analysis: Blanding’s turtles, 

midland painted turtles, and snapping 

turtles, which respectively made up 7, 

57 and 33 percent of the sample.   An 

additional 12 species were also admitted 

to the centre, but made up fewer than 3 

percent of all admissions.  These species 

were removed from the dataset.

Since geospatial analysis requires a spatial reference, the data were limited to intake records with 

known trauma locations.  Trauma locations at the OTCC are based on citizen science, so locational 

accuracy can vary for each case.  In instances where the trauma location was recorded as nearest city/

town, locational accuracy could not be confirmed so these records were removed from the dataset.  In 

the remaining cases, trauma locations were updated to latitude/longitude from municipal address or 

road intersection description.  While citizen science has been validated as a legitimate form of data 
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collection, caution is advised in using it as a replacement for standardized biodiversity monitoring 

(Dennis et al., in press; Fuccillo, Crimmins, Rivera, & Elder, 2014).  However, for turtle trauma data 

in Ontario (particularly over multiple years that includes quality species, sex and date identification), 

this citizen science data is the best available.  

The final step in cleaning this dataset involved limiting cases to instances of automobile trauma.  

After sorting the data by circumstance, only ‘HBC’ (hit by car), ‘suspected HBC’, and ‘found on 

Table 3.2: Summary of OTCC intake records for 
turtles admitted for car trauma from 2011 to 2016

Year Blanding's Painted Snapping TOTAL

2011 14 103 52 169
2012 6 78 53 137
2013 11 132 60 203
2014 28 180 92 300
2015 26 184 126 336
2016 17 182 79 278

TOTAL 102 859 462 1423
Percent 7 60 33

road’ were kept.  This was necessary because 

alternate or unknown reasons for admittance would 

not necessarily be useful in identifying where and 

when road mitigation should be placed.  Table 3.2 

shows a summary of the number of each turtle 

species admitted to the OTCC for car trauma 

over the six study years.  The sample consists of 

7 percent Blanding’s turtles, 60 percent painted 

turtles, and 33 percent snapping turtles.  

Figure 3.1: Map of OTTC turtle road trauma cases from 2011 to 2016 for Blanding’s turtles 
(BLTU), painted turtles (PATU) and snapping turtles (SNTU) in Southern Ontario

After preparing the dataset, 1423 cases of Blanding’s, painted and snapping turtles admitted to the 

OTCC for road-related trauma remained.  These cases were mapped in ArcGIS and projected at 

NAD_1983_CSRS_Ontario_MNR_Lambert projected coordinate system (see Figure 3.1).  
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Table 3.3: A description of the 12 land cover types created for hotspot analysis

Land Class Description

Impermeable  paved surfaces (asphalt)
Permeable unpaved surfaces (gravel, sand)
Built permanent structures (buildings, docks, etc.)
Herbaceous - 1 frequently mown vegetation (lawns)

Herbaceous - 2
infrequently/never mown vegetation (road edges, abandoned fields, 
meadows)

Agricultural row crops (annually tilled)

Coniferous Trees minimum 80% tree cover, consisting of at least 75% coniferous trees

Deciduous Trees minimum 80% tree cover, consisting of at least 75% deciduous trees

Mixed Trees
minimum 80% tree cover, consisting of at least 25% coniferous and 25% 
deciduous trees

Water
permanent water bodies (rivers, ponds, etc.) with less than 25% 
vegetation cover

Marsh permanently or periodically wet area with herbaceous vegetation 
Swamp permanently or periodically wet area with woody vegetation 

3.1.2 Land Cover
To determine land covers at each of the study areas, high resolution orthophotography and existing 

land classification data were combined and interpreted using ArcGIS mapping.  South Central 

Ontario Orthophotography Project (SCOOP) is digital imagery that was collected between April 26th 

and May 7th, 2013 for parts of South Central Ontario.  It is available in 1 kilometre by 1 kilometre 

tiles, with a raster cell resolution of 2 metres (MNRF, 2015a).  Southern Ontario Land Resource 

Information System Version 2.0 (SOLRIS; 2009-2011) classifies Southern Ontario’s landscape into 

30 unique land classes, available at 15 metre pixel resolution (MNRF, 2015b).  Due to SOLRIS’s 

spatial resolution, it is appropriate for regional or landscape level analysis, but is too coarse for fine-

scale analysis.

Both SCOOP and SOLRIS data layers were clipped and added to the map at hotspot locations 

(detailed in 3.2.1 Locating Hotspots).  These layers were interpreted to create a map of 12 unique 

land cover types, based on built surfaces, vegetation type, and surface waters (described in Table 

3.3).  Unlike the 15 metre resolution of SOLRIS land classes, this new map was created at a 2 metre 

resolution based on a visual interpretation of SCOOP data.  SOLRIS provided valuable insight into 

the differentiation of classes that were difficult to visually separate (such as forest vs swamp).  

These new land cover classes were based on a single aerial photo year, and therefore may miss any 

changes that have occurred in the landscape.  Classifying the landscape was also limited to visual 



31

interpretation, a particular challenge in areas with undifferentiated SOLRIS classifications.  In 

contrast, there were also areas that could be readily identified from the aerial photos, but did not 

easily fit into any of the 12 land cover types identified.  For example, fenced areas around hydro 

towers were likely herbaceous, but probably inaccessible to turtles.  They were therefore classified as 

built. 

3.1.3 Traffic Volume and Road Attributes
Traffic volume data, represented by Annual Average Daily Traffic (AADT), were collected at each 

trauma point located within the identified hotspots.  AADT is defined as the average twenty-four 

hour, two-way traffic from January 1st to December 31st.  These traffic volumes were obtained 

from municipal (City of Peterborough, 2013), county (County of Peterborough, 2014; County of 

Northumberland, 2013), and provincial (MTO, 2013) sources, summarized in Appendix C.  Data 

from these sources were collected over a range of years (2010-2015), and when multiple years 

were available for the same road segment, the most recent data were used.  Where traffic data were 

unavailable at trauma points, nearest road segment with available AADT traffic volume was used.  

In addition to traffic volume, three road attributes were gathered at each trauma point.  Speed limits 

were gathered from the Ontario Road Network (ORN), a geographic database revised in 2012 

that provides attributes such as: official street names, route names and numbers, street address 

ranges, road class, direction, speed limit (in kilometres and miles) and municipality. Road density, 

the proportion of permeable and impermeable surfaces within a 250 metre radius, was calculated 

for each trauma point based on the digitized land cover classes discussed in the previous section.   

Finally, road surface type (paved or gravel) was identified from high resolution orthophotography.  In 

cases where the trauma location was not on a road, nearest road was used.   

From the trauma, land cover, and traffic/road data collected, variables can be grouped into two 

categories: Turtle Factors and Landscape Factors.  Turtle Factors include all variables related to the 

turtles admitted to the centre for car-related trauma: species, sex, and intake date.  Landscape Factors 

relate to the geographic features identified at the trauma points: land cover (hydrology, human 

impact, vegetation and road density), surface type, traffic volume and speed limit.  The following 

analysis will determine if there is a relationship between turtle factors and landscape factors at 

identified hotspots.  
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All data layers were projected to Lambert Conformal Conic (NAD_1983_CSRS_Ontario_MNR_

Lambert) because it preserves the angles of intersecting lines.  This means that small areas are 

rendered with true shape, while direction is fairly well preserved.  UTM Zone 17, a common 

projection for Southern Ontario, could not be used because the hotspots ranged in location between 

UTM Zone 17 and UTM Zone 18.

3.2.1 Locating Hotspots
Locations of trauma hotspots were found by conducting a kernel density analysis on OTCC trauma 

data.  This technique identifies clusters by searching for dense concentrations of trauma points.  By 

changing the bandwidth (radius) parameter value, it is possible to control the area of influence of 

each kernel function (i.e. the scale at which the data are clustered).  

Figures 3.3 and 3.4 illustrate the difference between a 1000 metre bandwidth and a 500 metre 

bandwidth of identical data clustered over the same spatial extent.  High density areas (represented 

by darker shades) identify hotspot locations in both Figures 3.3 and 3.4.  However, there are subtle 

differences between the two maps that help identify which locations are substantially clustered.  At 

1000 metre bandwidth, the high density areas are larger and therefore easier to visually interpret.  

This is because the density scale picks up more trauma points (at least four) spread over a larger area.  

In contrast, 500 metre bandwidth illustrates where fewer trauma points (at least three) may be more 

tightly clustered.  Both of these clustering scales are important to consider for potential mitigation: 

hotspots over a larger area might suggest more wide-spread issues, while tightly clustered hotspots 

may be readily solved through the implementation of a crossing structure. 

3.2 Data Analysis
Trauma data and landscape data were mapped in 

ArcGIS to analyze the location and time of turtle 

road trauma clusters.  Hotspots (trauma clusters) 

consist of multiple instances of turtle road trauma 

(trauma points).  At each trauma point within the 

identified hotspot, landscape features within a 250 

metre radius buffer were analyzed.  To clarify this 

terminology for the following sections, Figure 3.2 

illustrates a hotspot with six trauma points (A) and 

the buffers surrounding them (B).  

Figure 3.2: A) Illustration of a hotspot, consisting 
of multiple trauma points.  B) Buffers surrounding 
each trauma point within the identified hotspot
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Figure 3.3: Kernel density map of OTCC trauma data, centralized over Peterborough, Ontario (100 metre cell size, 
1000 metre bandwidth size). Higher density of traumas = darker shade

Figure 3.4: Kernel density map of OTCC trauma data, centralized over Peterborough, Ontario (100 metre cell size, 
500 metre bandwidth size). Higher density of traumas = darker shade
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A value of four trauma points was chosen as the minimum threshold for defining a hotspot.  Using 

the 1000 metre bandwidth kernel density map, 21 hotspots consisting of 148 trauma points were 

visually identified.  In order to determine which of these hotspots were clustered at a scale suitable 

for mitigation, the 500 metre bandwidth kernel density map was applied.  Of the 21 hotspots 

identified at the 1000 metre scale, 16 remained at the 500 metre scale (consisting of 103 trauma 

points; summarized in Table 3.4).  

Table 3.4: A breakdown of the 16 hotspots identified from the 500m kernel density analysis 
(by species, sex and month)

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 TOTAL

SPECIES 0
Painted 5 6 3 2 11 3 4 3 4 5 5 4 6 4 2 3 70
Snapping 3 5 2 5 1 1 2 3 2 1 1 1 27
Blanding's 2 3 1 6

SEX 0
Male 4 1 2 2 4 1 2 1 5 4 1 6 6 2 1 2 44
Female 1 3 5 2 10 3 1 2 1 3 2 5 1 3 2 44
Unknown 5 1 2 1 1 1 1 1 2 15

MONTH 0
April 1 1 2
May 1 2 5 4 1 1 1 3 1 2 2 4 3 30
June 2 2 2 3 9 2 2 2 2 2 1 2 4 1 4 1 41
July 1 3 1 1 1 1 1 2 2 13
August 1 1 1 1 1 1 1 7
September 1 1 1 1 2 1 2 9
October 1 1

TOTAL 5 9 8 4 16 4 4 4 6 5 5 9 11 5 4 4 103

3.2.2 Classifying Landscape Variables
Once the 16 hotspots were identified, buffers of 250 metre radius (area of 196350m²) were created 

around each of their 103 trauma points (refer to Figure 3.2).  A value of 250 metres was chosen 

because it covers the majority of features identified as significant in the literature review.  Within 

each of the 103 buffer areas:

• Land covers (based on the 12 land classes created in 3.1.2) were manually digitized 

• Total area of each land cover type was calculated (SUM_AREA) with summary statistics in 

ArcGIS

• Proportion of each land cover type was calculated ([SUM_AREA] /196350 *100) using the 

field calculator in ArcGIS 
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For further analysis on land cover 

proportions at the hotspots, the 12 land 

covers were reclassified by hydrological 

surface type (wet or dry), human impact 

(disturbed or undisturbed) and vegetation 

type (herbaceous or woody).  Tables 3.5 

to 3.7 show how the land covers were 

reclassified in each case.  

Road density was also calculated using land 

cover proportions at each trauma point.  All 

road/traffic-related surfaces (impermeable 

and permeable) were added together and 

divided by the total land area of the buffer.  

This resulted in the proportion (density) of 

road surfaces around each trauma point.  

Parking lots and gravel shoulders were 

included in this calculation because they are 

closely related to transportation. 

To summarize, 16 hotspots were identified 

from the OTCC trauma data.  12 land covers 

were digitized and classified at each hotspot.  

Land cover proportions were calculated 

Table 3.5: Reclassification of the original 12 land covers 
by hydrological surface type (wet/dry land cover)

Dry Wet

Impermeable  Water
Permeable Marsh
Built Swamp
Herbaceous -1 
Herbaceous - 2
Agricultural
Coniferous Trees
Deciduous Trees
Mixed Trees

Table 3.6: Reclassification of the original 12 land covers 
by human impact (disturbed/undisturbed land cover)

Disturbed Undisturbed

Impermeable  Herbaceous - 2
Permeable Coniferous Trees
Built Deciduous Trees
Herbaceous -1 Mixed Trees
Agricultural Water

Marsh
Water

Table 3.7: Reclassification of the original 12 land 
covers by vegetation type (herbaceous/woody).  Land 
covers that did not consist of vegetation (impermeable, 
permeable, built and water) were given a null value

Herbaceous Woody

Herbaceous -1 Coniferous Trees
Herbaceous - 2 Deciduous Trees
Agricultural Mixed Trees
Marsh Swamp

Tables based on these land class proportions were exported to a spreadsheet.  To ensure there 

was no duplication during the digitizing process, the sum of each class’s land area (per buffer) 

were compared to 196350m² (the area of a 250 metre radius circle).  Based on these comparisons, 

99.5 percent of each buffer area was classified (substantially more than the alternative SOLRIS 

classifications).  

around each trauma point within the hotspots.  These land covers were then reclassified into three 

new variables (hydrology, human impact, and vegetation).  The following section will discuss how 

significance was tested between Turtle Factors and Landscape Factors.  
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3.2.3 Testing for Significance
IBM SPSS software was used to test for significant relationships between factors at trauma hotspots.  

Cross tabulation was chosen as the method of analysis because many of the variables are categorical.  

To assess the statistical significance of the cross-tabulation tables, Pearson’s chi-square and Fisher’s 

exact tests were conducted.  In these tests, the null hypothesis states that there is no relationship 

between the variables.   If the variables are related, the results of the test will be statistically 

significant at the 10 percent level (α ˂ 0.1) and the null hypothesis can be rejected.  A significance 

level of 0.1 was chosen because it decreases the potential of a Type II error (false negative).  

In total, nine variables were analyzed: three variables related to the biology and phenology of turtles 

(species, sex and season) and six landscape variables (hydrology, human impact, vegetation, road 

density, traffic volume, and speed limit).  Surface type was not included in the analysis because all 

but one of the trauma points occurred on paved roads.  Due to the small sample size (103), it was 

necessary to organize each variable’s attributes into two-three groups.  This limits the chance of 

getting statistical results that are not meaningful (when too many cells have an expected count less 

than 5).  The following summarizes how attributes were grouped for each variable.

• Species – Based on trauma records, species were recorded as Blanding’s, painted or snapping.  

Due to the small number of Blanding’s turtles, analyses were also run on species containing 

just painted and snapping turtles, and on species grouped as rare (Blanding’s and snapping) or 

common (painted).

• Sex – This variable contained three attributes: male, female and unknown.  Due to the small 

number of unknown cases, they were removed from the analysis.  

• Season – Trauma cases occurred over a period of 170 days (April 16th to October 2nd).  Cases 

were sorted into 25 weekly intervals, starting three days before the first trauma case and ending 

two days after the last one.  These weekly intervals were then categorized as either nesting 

or non-nesting.  Due to the level of uncertainty surrounding exact nesting dates, data were 

categorized into a) maximum nesting season (May 11th to July 5th): likely includes all nesting 

turtles and potentially some non-nesting turtles, and b) minimum nesting season (May 25th to 

June 7th): limited to the most common nesting dates, which may miss some nesting turtles. 

• Hydrology – This variable contains ratio level data based on the land cover proportions 

previously identified.  The data were organized into a) two equal land proportion intervals, b) 

three equal land proportion intervals, c) two groups with an equal number of cases, d) three 
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groups with an equal number of cases.  This method of dividing the attributes in multiple ways 

allows the test to check for significance at a variety of levels.    

• Human Impact – Same as hydrology.

• Vegetation – Same as hydrology.

• Road Density – Same as hydrology.

• Traffic Volume – Attributes from this variable ranged from 757 to 25600 AADT.  The data were 

grouped into a) two groups with an approximately equal number of cases, and b) three equal 

AADT intervals

• Speed Limit – Trauma occurred on roads with speed limits of 40, 60, 70, 80, and 100 

kilometres/hour.  Data were organized into groups of two (40/60/70 and 80/100; 40/60 and 

70/80/100) and three (40/60, 70, and 80/100).

Results from these analyses will be discussed in the following section.  
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Chapter 4: Results and Analysis

Based on the 16 hotspots determined from OTCC data, 103 trauma points were analyzed.  At these 

trauma points, landscape characteristics and biological/phenological turtle traits were identified.  

Based on frequency and cross-tabulation analyses, significant relationships between factors at hotspot 

locations were determined.  The following section will present the results of this study, followed by a 

deeper analysis of the results and what they mean.

4.1 Turtle Phenology and Biology
After tallying attributes from each factor related to turtle phenology (season) and biology (species 

and sex), these factors were cross-tabulated with all other turtle and landscape factors.  Charts were 

then created to illustrate significant relationships at the 10 percent level.  

4.1.1 Season
As identified in the literature review, turtles have four main seasonal overland migrations: to summer 

habitat (April to early May), to nesting sites (mid- May to early July), between wetlands (summer), 

and to hibernation sites (early to late fall).  Of the 103 cases being analyzed, turtle traumas were 

recorded from April 16th to October 2nd.  These cases were plotted by weekly interval in Figure 4.1 

(page 39).  Based on this histogram, the main peak in turtle road trauma occurred from late May to 

mid-June (nesting migration).  Smaller peaks can be noted in early May (to summer habitat) and 

early September (to hibernation sites), while traumas occurred at a fairly steady rate between late 

June and early August (between wetlands).  

Because the main peak in turtle trauma likely occurred during the nesting migration period, traumas 

were categorized into two seasons: nesting and non-nesting.  Since exact dates of turtle nesting are 

uncertain, nesting season was assigned two date ranges.   The threshold dates assigned to each range 

were chosen for easy analysis (not because the specific dates were significant to turtle migrations).  

The maximum range of nesting dates includes all traumas from mid-May to early July (May 11th to 

July 5th for analysis).  This liberal estimation likely includes all nesting female turtles, but may also 

include some non-nesting female turtles.  The minimum range of nesting dates includes all traumas 
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Figure 4.1: Trauma frequency divided into 25 weekly intervals.  Top) maximum nesting season: based on a 
liberal estimation of potential nesting dates (May 11th to July 5th).  Bottom) minimum nesting season: based on a 
conservative estimation of potential nesting dates (May 25th to June 7th)

from late May to early June (May 25th to June 7th for analysis).  This two week period was chosen 

because it is often the focus of public awareness campaigns warning drivers of potential nesting 

turtles.  Since it is a conservative estimation, traumas of female turtles that occurred within this 

period were likely all nesting turtles.  However, some nesting turtles may have been missed in this 

range.  Figure 4.1 illustrates the difference in maximum and minimum nesting seasons.

The number of traumas that occurred during nesting and non-nesting seasons was tallied for both 

maximum and minimum nesting ranges (Figure 4.2 on page 40).  Based on these results, the majority 

(64 percent) of traumas occurred during the nesting season when nesting was given a maximum date 

range.  However, when nesting season was limited to the minimum range of dates, the majority of 
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Figure 4.2: Comparison of nesting and non-nesting 
turtle proportions during maximum and minimum 
nesting season

Figure 4.3: Proportion of seasonal turtle trauma (based on species, sex, and species/sex) for maximum 
nesting range

traumas (74 percent) occurred during the non-

nesting season.  This may suggest that nesting 

occurs over a longer period, or that more turtles 

are hit during non-nesting migrations. To 

further understand these results, both maximum 

and minimum nesting season were analyzed 

for significant relationships with each of the 

biological turtle traits and landscape factors.  

When maximum nesting season was compared 

to biological turtle traits and landscape factors, 

there were significant relationships with 

species, sex, species and sex, vegetation type, 

and hydrology.  In contrast, minimum nesting 

season was only significantly related to sex.  This may suggest that mid-May to early July has a 

greater implication in conservation planning than late May to early June.  

Results from the cross-tabulation of maximum nesting season and species were significant at 

α=0.056.  While the majority of each species was found during the nesting season, a lower proportion 

of painted turtles (59 percent) and a higher proportion of snapping turtles (82 percent) were found 

during the nesting season (refer to Figure 4.3).  This suggests that snapping turtles were more 

temporally aggregated over the sample.  
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An even greater difference between nesting and non-nesting seasons occurred when sex was 

considered (α˂0.001).  The majority of female turtle traumas occurred during the nesting season 

(85 percent), but the majority of male turtle traumas were found during the non-nesting season 

(51 percent).  Due to the high significance level and the substantial difference in proportion, the 

relationship between season and sex is particularly noteworthy.  It suggests that male turtles are 

slightly more active during the non-nesting season (than during the nesting season), while female 

turtles are substantially more active during the nesting season.  

Since both species and sex had significant relationships with maximum nesting season, a cross-

tabulation analysis of season and sex was conducted, while accounting for species (Figure 4.3).  Due 

to insufficient sample size, no results can be stated for Blanding’s or snapping turtles.  However, 

a significant relationship between season and sex was noted for painted turtles (α=0.010).  Female 

painted turtles were more common during the nesting season (79 percent), and male painted turtles 

were more common during the non-nesting season (55 percent). 

Maximum nesting season was also significantly related to vegetation (α=0.099) and hydrology 

(α=0.087).  Figure 4.4 illustrates that the highest proportion of turtles from the non-nesting season 

occurred in landscapes with approximately equal woody/herbaceous land covers and landscapes that 

are partially wet/dry (47 percent and 50 percent, respectively).  This suggests that turtles migrate 

more consistently throughout the active months in moderately woody and moderately wet habitat.  

Landscapes that were highly wooded and landscapes that were mostly dry had the highest proportion 

of trauma during the nesting season (81 percent and 77 percent, respectively). 

Figure 4.4: Proportion of seasonal turtle trauma (based on vegetation and hydrology type) for 
maximum nesting range
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When season was categorized by minimum nesting range, fewer significant relationships existed with 

the other factors.  Sex was still significantly related (α=0.026), and when sex was considered with 

species, a relationship existed for painted turtles (α=0.079).  These relationships are illustrated in 

Figure 4.5.

Although the majority of turtles (74 percent) were recorded during the non-nesting season, males had 

a higher proportion (85 percent) than females during the non-nesting season (63 percent).  This was 

also the case for male and female painted turtles.  No significant trends were found for snapping or 

Blanding’s turtles.   

Figure 4.5: Proportion of seasonal turtle trauma (based on sex and species/sex) 
for minimum nesting range

4.1.2 Species
Of the 103 turtles being analyzed, there were 6 Blanding’s turtles, 70 painted turtles and 27 snapping 

turtles.  When Blanding’s turtles were considered in the analysis as a unique attribute, significant 

relationships were detected between species and vegetation type, traffic volume, and speed limit.  

However, sample size was too small to make the analysis robust and therefore results were unreliable.  

This suggests that further research (with a larger sample of Blanding’s turtles) is necessary. 

In an attempt to reclassify the species into larger samples, Blanding’s and snapping turtle cases 

were combined into a category called ‘Rare’, while painted turtles were reclassified as ‘Common’.   

However, there were no significant relationships between this new grouping of rare and common 

species.  Therefore, Blanding’s turtles were removed from species analyses.   
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After removing Blanding’s turtles from the sample, painted turtles made up the majority (72 percent) 

of cases (refer to Figure 4.6).  The high proportion of painted turtles may be due to the fact that they 

are more common than the other species, painted turtles may cross roads more often, or there may be 

a greater willingness of citizens to bring in smaller (less ‘frightening’) species.  

Figure 4.6: Proportion of turtle species found at trauma hotspots (based on maximum nesting season 
and traffic volume) for painted and snapping turtles

A significant difference in the proportion of each species was found when maximum nesting season 

was considered (α=0.056).  Although the majority of cases were still painted turtles, the proportion 

of painted turtles was lower during the nesting season (65 percent) and higher during the non-nesting 

season (85 percent).  

The proportion of species was also significantly different (α=0.058) on roads with high traffic 

volumes (20001-30000 AADT).  Half of the turtles found on these roads were snapping turtles, the 

most substantial difference in species proportion.   On roads with low (1-10000 AADT) and medium 

(10001-20000 AADT) traffic volumes, painted turtles made up a majority of between 72 and 79 

percent, similar to the average proportion.

By interpreting Figure 4.6, it is possible to see that the proportion of snapping turtles was highest 

during the nesting season (35 percent) and on roads with high traffic volumes (50 percent).  In all 

other cases, painted turtles represent at least 70 percent of the sample.  
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4.1.3 Sex
After removing 15 cases with turtles of unknown sex, the remaining sample consisted of 53 percent 

male turtles and 47 percent female turtles.  This is a surprisingly high proportion of males, since 

many sources claim female turtles are more likely to be hit on roads due to their extensive terrestrial 

migration to nesting habitat.  However, once season was taken into consideration, results were more 

expected.   Sex and season (maximum nesting range) had a significant relationship of α˂0.001.  

Based on this relationship, 60 percent of turtles hit during the nesting season were female.  In 

contrast, the non-nesting season consisted of a higher proportion of male turtles (80 percent).  A 

similar trend was noted when nesting season was limited to its minimum potential range (α=0.026).  

Once again, more female turtles were hit during the nesting season (68 percent) and more male 

turtles were hit during the non-nesting season (61 percent).  

When analyzing a visual representation of these results (Figure 4.7), it is clear that the majority of 

turtles hit during the nesting season (based on both a conservative and a liberal estimation of nesting 

dates) were female.  Alternatively, during the non-nesting season, a higher proportion of male turtles 

were recorded.   When each species was analyzed separately, results were consistent for painted 

turtles (α=0.010) based on maximum and minimum nesting seasons.  Due to insufficient sample 

sizes, Blanding’s and snapping turtle results were not significant.  Further research requires larger 

sample sizes for each species.  

Figure 4.7: Proportion of turtle sexes found at trauma hotspots (based on maximum nesting 
season and minimum nesting season) for male and female turtles
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To summarize, turtle sex is strongly related to phenology (seasonal patterns).  These results support 

the assumption that female turtles are often hit while in search of habitat to lay eggs.  

4.2 Landscape Factors

Attributes from each factor related to land cover (hydrology, human impact, and vegetation type) and 

road attribute (road density, traffic volume, and speed limit) were analyzed.  To better understand 

how these landscape features relate to turtles, each of these factors was then cross-tabulated with 

species, sex and season.  Significant relationships at the 10% level were illustrated with charts.  

4.2.1 Land Cover
Land cover was categorized by landscape hydrology (wet/dry), human impact (disturbed/

undisturbed) and vegetation type (woody/herbaceous; refer to Tables 3.5-3.7).  Bar graphs 

represent the proportion of each land cover type, and if significant relationships existed with turtle 

characteristics, additional bar graphs were created.   

Figure 4.8 illustrates the proportion of wet and dry land cover at each trauma point (within a 250 

metre radius buffer).   These landscape proportions ranged fairly consistently from 23 to 100 percent 

dry land cover (mean: 66; median: 64; mode: 51).  The majority of cases (74 percent) occurred in 

landscapes with at least 50 percent dry land cover.

Figure 4.8: Proportion of wet/dry land cover within 250 metre radius buffer of each of the 103 trauma points
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When the data was organized into three equal 

groups (Figure 4.9), there was a significant 

relationship with maximum nesting season 

(α=0.087).  The three land cover groups are 

dry (79-100 percent dry land cover), mesic 

(55-77 percent dry land cover), and wet (23-

53 percent dry land cover).  When all trauma 

cases were considered, approximately one 

third occurred in each category (dry, mesic 

and wet landscapes).   

However, during the nesting season a 

higher proportion of turtles were recorded 

in dry landscapes (43 percent) and a lower 

Figure 4.9: Proportion of turtle trauma occurring in 
landscapes with wet, mesic and dry land cover (based on 
maximum nesting season)

proportion of turtles were recorded in mesic landscapes (26 percent).  During the non-nesting season, 

the opposite trend occurred; higher proportion in mesic landscapes (43 percent) and lower in dry 

landscapes (22 percent).  There was no substantial difference in the occurrence of trauma at wet 

landscapes based on season. 

Figure 4.10 illustrates the proportion of disturbed and undisturbed land covers at each trauma point.  

Landscape proportions ranged from 5 to 77 percent disturbed land cover (mean: 33; median: 25; 

mode: 18).  When landscapes were categorized into highly disturbed (67-100 percent disturbed land 

Figure 4.10: Proportion of disturbed/undisturbed land cover within 250 metre radius buffer of each trauma point
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cover), moderately disturbed (34-66 percent disturbed land cover) and highly undisturbed (1-33 

percent disturbed land cover), only 10 percent of cases occurred in highly disturbed landscapes.  No 

significant relationships were found between human impact and species, sex or season. 

The final land cover group, vegetation type, is illustrated in Figure 4.11.  This bar graph shows the 

proportion of woody and herbaceous land cover at each trauma point.  Woody land cover proportions 

ranged fairly consistently from 0 to 88 percent (mean: 58; median: 44; mode: 22). 

Figure 4.11: Proportion of woody/herbaceous land cover within 250 metre radius buffer of each trauma point

When the land cover proportions 

were grouped into ‘low’ woody (1-33 

percent woody land cover), ‘medium’ 

woody (34-66 percent woody) 

and ‘high’ woody (67-100 percent 

woody), a significant relationship was 

found with maximum nesting season 

(α=0.099).  When all turtle traumas 

were considered, the majority of 

cases (60 percent) occurred in ‘low’ 

woody landscapes and only 20 percent 

of cases occurred in ‘high’ woody 

landscapes. 

Figure 4.12: Proportion of turtle trauma occurring in landscapes 
with low, medium and high woody land cover (based on maximum 
nesting season)
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However, during the nesting season the proportion of ‘high’ woody landscapes went up to 26 percent 

while the proportion of ‘low’ woody landscapes remained fairly constant (43 percent).  During the 

non-nesting season, the proportion of ‘high’ woody landscape was even lower than the average, at 

only 11 percent.  This range of dates also had the highest proportion of ‘medium’ woody landscapes 

(45 percent). 

4.2.2 Road Attributes
Factors related to road attributes (road density, speed limit, and traffic volume) were tallied and 

analyzed with turtle-related characteristics.  Where significant relationships exist, bar graphs were 

created for illustration. 

Traditional studies determine road density by dividing the length of road segment in a polygon by 

the area of the polygon (resulting in km/km2).  However, due to the small size of the landscapes 

being analyzed and the slow-moving nature of turtles, proportion was deemed more suitable for this 

analysis than traditional road density. To calculate this proportion, area of roads (all permeable and 

impermeable paving surfaces) was divided by polygon area (250 metre radius buffer).  Road density 

at each trauma point ranged from 4 to 50 percent (mean: 14; median: 12; mode: 7); represented in 

Figure 4.13.  The majority of traumas (92 percent) occurred in landscapes with less than 25 percent 

road density, and almost half of cases (47 percent) occurred in landscapes with less than 10 percent 

road density.  These results indicate that trauma hotspots are located in areas with fairly low road 

density.  No significant relationships were found between road density and species, sex or season. 

Figure 4.13: Density of road-related land covers (represented as a proportion) within 250m radius buffer of  each 
trauma point
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Figure 4.14: Frequency of trauma cases on roads with speed 
limits of 40, 60, 70, 80, and 100 km/h 

Figure 4.15: Proportion of turtle trauma cases occurring on roads 
with low (1-10000 AADT), medium (10001-20000 AADT), and  
high (20001-30000 AADT) traffic volume (based on species)

Turtles were located on roads with speed 

limits of 40, 60, 70, 80 and 100 kilometres/

hour (trauma frequency on each of these 

roads is represented in Figure 4.14).  The 

majority of turtles (57 percent) were hit on 

roads with an 80 kilometre/hour speed limit.  

For analysis, these speed limit values were 

grouped into slow (40/60), medium (70) 

and fast (80/100); slow (40/60/70) and 

fast (80/100); and slow2 (40/60) and fast2 

(70/80/100).  No significant relationships 

were found between speed limit and species, 

sex or season. 

When analyzing trauma by traffic volume, roads were categorized into three levels: low (1-10000 

AADT), medium (10001-20000 AADT), and high (20001-30000 AADT). 64 percent of turtles were 

recorded on roads with low traffic volumes, while roads with medium and high traffic volumes 

each only had 18 percent of the sample.  A significant relationship was detected between traffic 

volume and species (α=0.058).  For 

snapping turtles, only 46 percent of 

traumas occurred on roads with low 

traffic volume.   This is substantially 

lower than the proportion of all traumas 

that occurred on low traffic roads.  In 

addition, the proportion of snapping 

turtles traumatized on high traffic roads 

was significantly higher than the average 

(35 percent compared to the average of 

18 percent).  Painted turtle trends were 

similar to average proportions.   Possible 

reasons for these species-specific 

differences will be explained in the 

following section.  
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4.3 Analysis
This section will summarize results from each of the previous categories and discuss what they mean 

within the context of this project.  

4.3.1 Season
In previous turtle mortality studies, nesting season was identified as the main factor predicting peaks 

in turtle road trauma.  Based on the results of this study, the highest peak in trauma cases overlaps 

dates often associated with turtle nesting (Figure 4.1).  However, depending on the exact threshold 

of dates assigned to the nesting season, the cumulative number of traumas is not necessarily highest 

during nesting (Figure 4.2).  There are a substantial number of turtles being hit throughout the year 

other than in late May and early June.  Limiting mitigation efforts to the narrowest possible nesting 

period may not be ideal because all other turtles (potentially more overall) would be missed.

Assuming the broadest range of potential nesting dates, turtle road trauma occurred most often during 

the nesting season.  This was particularly true for snapping turtles, female turtles and female painted 

turtles, as well as in landscapes with high proportions of woody land cover and landscapes that were 

mainly dry.  However, trauma occurred almost equally during nesting and non-nesting seasons for 

male turtles (and male painted turtles in particular), in landscapes with moderate proportions of 

woody land cover, and in mesic landscapes (refer to Figures 4.3 to 4.5).  Possible reasons for these 

trends will be discussed in the following. 

Since significantly more females were recorded during the nesting season (as opposed to during 

the non-nesting season), it is possible that female turtles are often hit while in search of habitat 

to lay eggs.  This trend was consistent for females of the painted turtle species.  There were also 

significantly more snapping turtles hit during the nesting season.  This is likely due to their highly 

aquatic nature, as they rarely leave water for extended periods except when nesting.   

During the nesting season, a higher proportion of turtles were hit in landscapes that were highly 

wooded and that were mainly dry.  Dry landscapes make sense because turtles travel to upland 

habitat to lay eggs.  However, the high proportion of nesting turtles in highly wooded landscapes is 

less expected, as turtles prefer to nest in sunny, open areas.  A possible explanation for this trend is 

that female turtles seek road shoulders because other nesting habitat is unavailable in highly wooded 

landscapes.
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Trauma occurred almost evenly between nesting and non-nesting seasons for male turtles (and 

specifically, male painted turtles).  While smaller peaks in male turtle movement may occur 

throughout the year, this suggests that they are equally active during the nesting and non-nesting 

seasons.  This trend was also noted for turtles in moderately woody landscapes and mesic landscapes, 

suggesting that turtles are more consistently active on sites with a mix of vegetation and hydrology 

type.  

4.3.2 Species
Painted turtles were the most common species hit at trauma hotspots, except on roads with high 

traffic volumes (where painted and snapping turtles were recorded equally; refer to Figure 4.6).  

Since painted turtles are the most common of the three species being analyzed, it is unsurprising that 

they made up the majority of the sample.  However, the higher than average proportion of snapping 

turtles on high traffic roads may suggest differences in associated habitat, behaviour or biomechanics 

between the species.  One explanation for this trend is that snapping turtle habitat is located more 

consistently near high traffic roads and the turtles cross them more often due to proximity.  However, 

since many of the hotspots had a combination of snapping and painted turtles, this is unlikely to be 

the main cause.  Behavioural differences, such as highway avoidance, may explain why less painted 

turtles were recorded in these locations.  Alternatively, snapping and painted turtles may be equally 

likely to cross high traffic roads, but due to their larger size, snapping turtles may survive potential 

trauma more often.  A combination of turtle behaviour and biomechanics may provide the best 

explanation for this trend.

Painted turtle proportions were particularly high during the non-nesting season, while snapping 

turtles had a higher than average occurrence during the nesting season.  These results (particularly 

for snapping turtles) are consistent with the outcome related to season, as snapping turtles are most 

active when nesting. 

4.3.3 Sex
Of the 103 cases being analyzed, the number of male and female turtles was approximately equal 

(Figure 4.7).  However, there was a strong relationship between sex and phenology which found 

that during the nesting season (based on both the broadest and narrowest range of potential nesting 

dates) more female turtles were hit than males.  Female turtles were likely more active at this time 

due to nesting migrations.  Alternatively, substantially more male turtles were recorded during the 
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non-nesting season.  This may be partially due to noticeable male migrations throughout the rest of 

the year (for mating, etc.), but it may also be because female turtles rarely migrate when they are not 

laying eggs; it may also be a combination of the two explanations.  These trends were consistent for 

male and female painted turtles during each season.

By comparing results from minimum and maximum nesting dates (Figure 4.7), it is noteworthy that 

the proportion of females was slightly higher during minimum nesting season than during maximum 

nesting season.  This suggests that nesting season is more accurate from late May to early June.  

However, when a broader range of dates was assumed, nesting season covered more of the entire 

trauma sample.  Therefore, although the conservative two week range may be more accurate, it may 

be beneficial to use mid-May to early July for practical conservation efforts.   

4.3.4 Land Cover
At hotspots, turtle road trauma occurred most often in landscapes with mid-high proportions of dry 

land cover (particularly notable during the nesting season), in highly undisturbed landscapes, and 

in mainly herbaceous landscapes.  However, during the non-nesting season, turtles were most often 

recorded in mesic landscapes and landscapes with moderate proportions of woody land covers.  This 

may be because heterogeneous landscapes support the variety of turtle activities that occur when they 

are not nesting (including mating, foraging, basking, etc.).  

Another noteworthy finding was that the proportion of turtles recorded in highly wooded landscapes 

was highest during the nesting season.   Trauma hotspots may occur in landscapes with high 

proportions of forested cover during the nesting season because females are forced to travel to 

roadsides for appropriately open, sunny nesting sites. 

4.3.5 Road Attributes
Based on overall result trends, turtle road trauma at hotspots occurred most often in landscapes 

with low road density, on roads with an 80 kilometre/hour speed limit, and on roads with low traffic 

volume (except for snapping turtles, which were hit more often on roads with medium-high traffic 

volume; Figures 4.13-4.15).  Road density and speed limit suggest that turtles are often found on 

rural highways, likely due to the proximity of appropriate habitat adjacent to the roads.  Since the 

majority of turtles were also recorded on low traffic roads, it is possible that most turtles (except 

snapping turtles) either avoid busy highways or are crushed completely.  
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Chapter 5: Discussion 

In Chapter 4’s analysis, study results were described in the context of this project.  The following 

section will discuss how these results compare to findings from similar studies.

5.1 Comparison of Results
While there are many studies that have looked at the relationship between turtles and roads, and 

particularly trauma hotspots, none of these studies have focused on the differences between trauma 

hotspots.  Most try to determine predictors of trauma clustering, so that these locations can be 

prioritized for mitigation over ‘coldspots’ (areas with low probability of trauma aggregation).  

Alternatively, this study is looking at how landscape features at established hotspots differ.  These 

results will help prioritize hotspots when it is not possible to mitigate at every identified location. 

Since there are no directly equivalent studies, research that identified hotspot predictors (presence vs 

absence analyses) will be compared to this study’s results.  Table 5.1 (on page 54) summarizes the 

findings of 11 such projects, as well as results from this project.  A discussion of how these results 

compare will take place in the following three sections.   

5.1.1 Fauna Road Trauma
Gunson et al. (2011) reviewed 24 road trauma studies identifying predictors of trauma hotspots for 

a multitude of wildlife species.  They concluded that the probability of hotspot presence generally 

increased for all species where roads had high traffic volumes and speed limits, and where they 

bisected favourable habitat.  

At OTCC hotspots, the low proportion of built-up land cover supports favourable habitat as an 

indicator of hotspot presence.  This project’s results also support high speed limits as an indicator 

because the majority of hotspot traumas occurred on roads with 80 kilometre/hour speed limits.  High 

speeds may be a factor because fewer people are able to safely avoid hitting the turtles.  However, 

high traffic volume was not supported as an indicator because a substantial majority of cases 

occurred on low traffic volume roads (except when snapping turtles were considered independently).  

This discrepancy may be due to the generalization of reviewing multiple species of fauna.  
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Previously Established Hotspot 
Predictors

ID Sources This Project's Results

Where roads bisect favourable habitat F Gunson et al., 2011

Increased water area R MacKinnon, 2005

Causeway presence R Langen et al., 2009

Where roads bisect large areas of 
wetland-forest habitat

R Gunson et al., 2012

Presence of marsh, swamp and forest T MTO, 2015

Distance between/number of wetlands T Beaudry et al., 2008

Causeway presence/distance to water T Langen et al., 2012

Distance to nearest waterbody T Cureton & Deaton, 2012

Where roads bisect favourable habitat F Gunson et al., 2011

Where roads bisect large areas of 
wetland-forest habitat 

R Gunson et al., 2012

Presence of marsh, swamp and forest T MTO, 2015

High forest coverage T Langen et al., 2012

Distance to nearest forest T Cureton & Deaton, 2012

Presence of water crossing/building R MacKinnon, 2005

Level of urbanization T Ferronato et al., 2015

Road 
Density

Increased road area R MacKinnon, 2005
Road density at trauma points was 
generally low

High traffic volume F Gunson et al., 2011

High traffic volume T Langen et al., 2012

Speed 
Limit

High speed limits F Gunson et al., 2011
The majority of traumas occurred on 
roads with 80km/h speed limits

Higher chance of wetland-wetland 
movement for Blanding's (vs spotted)

T Beaudry et al., 2008

Box/snapping turtles were related to 
distance to water; sliders were related to 
distance to forest

T Cureton & Deaton, 2012

Early summer was best predictor for both 
male and female turtles

T Beaudry et al., 2010

June peak for females; many smaller 
peaks for males

T Carstairs et al., in review

Early summer (June to mid-July) T Beaudry et al., 2010

Breeding season (May to June) T Cureton & Deaton, 2012

June (females); throughout active season 
(males)

T Carstairs et al., in review

Sex

Overall, there were an approximately 
equal number of male and female 
turtles at trauma points, but sex 
depends on season

Season

The majority of traumas occur from 
mid-May to early July, but peak 
season depends on sex, species, 
hydrology and vegetation 

Human 
Impact

Human impact (built-up land covers) 
at traumas was generally low

Traffic 
Volume

Traffic volume at most traumas was 
low, but depends on species

Species

The majority of traumas were painted 
turtles (fewer snapping turtles and 
very few Blanding's turtles), but 
species depends on traffic volume 
and season

Hydrology

Landscape hydrology at trauma 
points was generally mesic to wet, 
although hydrology depends on 
season 

Vegetation

In general, vegetation type at trauma 
points was highly herbaceous or 
herbaceous/woody, but vegetation 
depends on season

Table 5.1: A comparison of previously established hotspot predictors with results from this project, organized 
by landscape feature (hydrology, vegetation, human impact), road attribute (road density, traffic volume and 
speed limit), biological factor (species and sex), and phenological factor (season).  ID refers to the type of 
wildlife included in the study: F – All fauna; R – Reptile species; T – Turtle species
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5.1.2 Reptile and Amphibian Road Trauma
Gunson et al. (2012), Langen et al. (2009), and MacKinnon et al. (2005) each conducted research 

on road trauma for multiple reptile and amphibian species.  Results related to landscape hydrology 

and vegetation showed that increased water area, presence of causeways, and presence of large areas 

of wetland-forest habitat were indicators of herpetofauna trauma hotspots.  Additional indicators 

included presence of water crossing structures/buildings (human impact) and increased road area 

(road density). 

Some of these indicators are supported by this project’s findings, but only in certain cases.  For 

landscape hydrology, trauma points were generally located in mesic or wet landscapes.  This supports 

water area and large wetland habitat as hotspot indicators.  However, more traumas occurred at dry 

landscapes from mid-May to early July, contradicting previous results.  This shows why results from 

this study are important for mitigation efforts. 

Similarly, increased proportions of forest habitat were only supported as an indicator during 

dates corresponding with the nesting season.  During the rest of the active year, turtles were more 

commonly found in herbaceous landscapes or partially herbaceous/partially woody landscapes.   

Human impact and road density were generally low at trauma points.  This contradicts MacKinnon 

et al.’s (2005) findings on increased road area, but is not able to support or contradict their claim 

on crossing structure/building presence (since one report deals in presence/absence and the other in 

proportions).  

These reports studied multiple reptile and amphibian species.  Therefore, results may still be too 

broad to directly compare to turtles.  The following section will discuss results of turtle-specific road 

trauma studies. 

5.1.3 Turtle Road Trauma
Beaudry et al. (2008), Beaudry et al. (2010), Cureton & Deaton (2012), Langen et al. (2012), and 

MTO (2015) conducted studies to identify predictors of turtle road trauma hotspots.  Carstairs et 

al. (in review) and Ferronato et al. (2015) each studied relationships associated with seasonal turtle 

trauma.  
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Hotspot indicators related to land cover included number of wetlands, distance to water/nearest 

waterbody/between wetlands, presence of causeway, presence of marsh, swamp and forest, high 

forest coverage, distance to nearest forest, and level of urbanization.   Landscape results from 

this project were generally stated as proportions, and are therefore difficult to compare with 

presence/absence and distance indicators.  However, these results are consistent with indicators 

of herpetofauna trauma hotspots, so the same comparison can be made - results are generally 

supportive of hydrology indicators (except during the nesting season) and of vegetation indicators 

(except during non-nesting seasons).  In addition, Ferronato et al. (2015) stated that increased levels 

of urbanization will increase chances of turtle road trauma.  Results from this study are potentially 

contradicting because the majority of traumas occurred in areas with low human impact. 

As previously mentioned in section 5.1.1 Fauna Road Trauma, high traffic volume can be indicative 

of hotspot presence for all species of fauna.  Results were corroborated by Langen et al. (2012) for 

turtle species, but were contradicted by OTCC hotspot data (except for snapping turtles).  Since both 

studies targeted the same turtle species, this discrepancy may be due to data quality or the range of 

road types included in OTCC data (versus the state highway focus of Langen et al. (2012)). 

Of these studies, a few also researched the temporal aspect of turtle trauma clustering.  Beaudry et 

al. (2010) found that early summer was the best predictor for both male and female turtles, Cureton 

and Deaton (2012) stated that breeding season (May to June) was best, and Carstairs et al. (in review) 

identified June as the peak for female turtle trauma and multiple smaller peaks throughout the active 

season for male turtle trauma.  Since Carstairs et al. (in review) also used OTCC trauma data to 

conduct their analyses, it is unsurprising that results are similar to this project.  However, their report 

considered all traumas recorded at the OTCC, while this project only considered OTCC data that was 

clustered at hotspots.  This shows that hotspot clusters are temporally similar to all recorded turtle 

trauma in Ontario.  None of these reports found significant relationships between peak season and 

landscape features, while this project found season to be related to hydrology and vegetation. 

Two studies also found that there were significant differences between two or more turtle species, 

either in their movement patterns or their associated landscape features.  However, since neither of 

these studies targeted snapping, painted and Blanding’s turtles, results are difficult to compare to this 

project. 
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Chapter 6: Conclusion

This thesis focused on describing landscape effects on turtle road trauma.  Current research on this 

topic has identified multiple landscape factors as potential predictors of trauma hotspots.  However, 

many of these studies were limited by broad landscape-level data and analyses, a lack of model 

validation, and not independently analyzing for species and sex.  To answer the research question: 

“Do landscape features affect biological and phenological factors associated with turtle road trauma?  

(If so, how?)”, turtle trauma data from the OTCC were collected and analyzed with high resolution 

orthophotography and road attribute data, using a geographic information system (ArcGIS) and 

statistical software (SPSS).  

Results from this study indicate that certain landscape features affect turtle road trauma.  Although 

similar to studies that identify potential predictors of trauma hotspots, these results suggest how 

landscape features differ between hotspots, and how these differences affect the biology and 

phenology of traumatized turtles.  This has implications in future mitigation planning.  

6.1 Research Results
The goal of this research was to answer the question: 

• Do landscape features relate to biological and phenological factors associated with turtle road 

trauma? 

Based on an analysis of six years of road trauma data, there were differences in the species, sex and 

season of turtles hit on roads with differing spatial features.  Since this question was answered in the 

affirmative, two additional questions were asked:

• Which landscape features are significant? 

• What effects do they have on turtle road trauma factors? 

The answer to the first question is that landscape hydrology, vegetation and traffic volume were 

significantly related to turtle road trauma factors.  Landscape hydrology and vegetation were 

associated with the date of turtle road trauma (season), while traffic volume was significantly related 
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to species.  Season was also strongly related to sex and species.  These results can have important 

implications for conservation and road mitigation efforts. 

6.2 Implications for Turtle Road Trauma 
It is not feasible to mitigate for turtle crossings along every roadway in Southern Ontario.  Even 

when hotspot locations have been identified, conservation groups and road planning departments find 

it difficult to fund and implement mitigation at all of the suggested locations.  Results from this study 

can have practical implications for turtle road trauma work by providing preliminary suggestions for 

hotspot prioritization. 

Results of phenology crosstabs can inform the timing of strategic mitigation efforts:

• If female turtles are prioritized for conservation, mitigation efforts should be focused from mid-

May to early July

• If male turtles are prioritized for conservation, mitigation efforts should occur over the entire 

active season (April to October) 

• If snapping turtles are prioritized for conservation, mitigation efforts should be focused from 

mid-May to early July

• If painted turtles are prioritized for conservation, mitigation efforts should be mainly focused 

from mid-May to early July, but should also extend to the rest of the active season

Results of landscape crosstabs can inform the location of strategic mitigation efforts:

• If year-round mitigation is prioritized, mitigation efforts should focus on mesic landscapes and 

landscapes with partially herbaceous/partially woody land cover

• If peak periods of trauma are prioritized, mitigation efforts should mainly focus on dry 

landscapes and landscapes with highly woody land cover; however, to mitigate for the 

greatest number of turtles during the peak period, highly wet areas and landscapes with highly 

herbaceous land cover should also be considered

• If painted turtles are prioritized for conservation, mitigation efforts should focus on road 

segments with low traffic volume (1-10000 AADT)

• If snapping turtles are prioritized for conservation, mitigation efforts should mainly focus on 

road segments with high traffic volume (20001-30000 AADT), but should also include roads 

with low traffic volume (1-10000 AADT)
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These suggestions were derived from the available data.  To actually choose which sub-group of 

turtles to prioritize for mitigation is an important question that must be sufficiently researched 

before project design and implementation.  In addition to choosing which turtles to prioritize, 

the type of mitigation must also be appropriately researched.  Examples of year-round mitigation 

include permanent changes to the landscape (such as culverts and barrier fencing), while temporary 

mitigation can include interactive signage, temporary road closures and volunteer migrations.  These 

results should first be applied to hotspots located on roads that are already scheduled for modification 

and upgrades, and then on other existing and proposed roads.   

6.3 Implications for Landscape Architecture
In addition to biologists, planners, road ecologists, and professionals from many other disciplines, 

landscape architects should use their expertise to propose changes to the landscape that will help 

solve the problem of turtles and roads.  Unlike less-applied disciplines, landscape architecture and 

applied landscape ecology are strongly focused on solving practical, spatially-oriented problems.  

By researching how turtles and roads interact from this perspective, it was possible to identify how 

landscape features affect turtle road trauma.  Results from this study (and future, related studies) will 

inform road planning and design by providing sound, evidence-based suggestions for the location 

and timing of strategic mitigation efforts.  

6.4 Future Research
This report has derived suggestions for prioritizing certain hotspot locations for mitigation.  These 

suggestions will be beneficial to Ontario’s Ministry of Transportation (responsible for Ontario’s 

provincial highways), municipal/county transportation and planning departments, and local turtle 

conservation groups.  In particular, results from this report can be used in conjunction with Ontario’s 

mitigation and planning tools (such as SAMPT).  For instance, where SAMPT is able to identify 

areas with high probabilities of turtle trauma along Ontario’s highways, this report can suggest which 

of these hotspots should be prioritized (once a target group of turtles has been chosen for mitigation).  

However, for SAMPT to be comparable to this research, the identified species must overlap.  

Future research should therefore focus on making these tools comparable (by targeting research on 

Blanding’s turtles). 

To validate these results with independent data, this research will ideally be duplicated on turtle 

trauma hotspots previously identified on provincial, municipal and county roads.  However, where 
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these hotspot databases do not include accurate species and sex identification, it may be possible to 

validate only at newly identified hotspot locations.  

If research validation is conducted at newly identified hotspots, research accuracy and reliability 

can be enhanced by analyzing data with improved trauma location surveys, better topographic 

information/landscape characteristics, and increased sample sizes.   Accuracy of trauma locations was 

a limitation in this study, as all data points relied on citizen science.  To improve accuracy in future 

studies, multi-year road surveys may be used in addition to citizen science.  Topographic information 

about roads and adjacent landscape characteristics can also be improved through field work, 

enhanced technology (such as LIDAR), and/or expert inventory and analysis.  Increased sample 

sizes (particularly for snapping and Blanding’s turtles) are also necessary for additional research.  By 

conducting thorough road surveys, sample sizes may be sufficiently increased. 

In addition to reproducing this study at alternate locations, future research should analyze results 

at multiple spatial scales (i.e. varying buffer distances) and for associated fauna.  By analyzing at 

multiple spatial scales, it would be possible to identify whether there are significant scales at which 

the turtles identify and move through the landscape.  Comparable studies should also be analyzed for 

alternate fauna associated with turtles (such as fauna that have similar migratory movements between 

wetland and terrestrial landscapes).  These reports may support results from this project, or highlight 

potential differences between groups of fauna. 

The same methods of analyzing trauma data and high-resolution orthophotography can be used for 

any species of fauna that are negatively affected by road-related trauma.  Landscape architects can 

work with conservationists and applied landscape ecologists to propose changes in the landscape 

where human processes and ecological processes converge.   For this project, proposed landscape 

interventions that mitigate for turtle road trauma will improve the relationship between humans, 

turtles, and their shared environment.



61

References

Aresco, M. J. (2005). Mitigation measures to reduce highway mortality of turtles and other 
herpetofauna at a north Florida lake. Journal of Wildlife Management, 69(2), 549-560.

Ascensão, F., Clevenger, A., Santos-Reis, M., Urbano, P., & Jackson, N. (2013). Wildlife–vehicle 
collision mitigation: Is partial fencing the answer? An agent-based model approach. 
Ecological Modelling, 257, 36-43. 

Baxter-Gilbert, J. H., Riley, J. L., Lesbarrères, D., & Litzgus, J. D. (2015). Mitigating reptile road 
mortality: Fence failures compromise ecopassage effectiveness. PLOS ONE, 10(3), 1-15.

Beaudry, F., Demaynadier, P. G., & Hunter, M. L. (2008). Identifying road mortality threat at multiple 
spatial scales for semi-aquatic turtles. Biological Conservation 141, 2550-2563.

Beaudry, F., Demaynadier, P. G., & Hunter, M. L. (2010). Identifying hot moments in road-mortality 
risk for freshwater turtles. Journal of Wildlife Management, 74(1), 152-159.

Beckmann, J. P., Clevenger, A. P., Huijser, M., & Hilty, J. A. (2010). Safe passages: Highways, 
wildlife, and habitat connectivity. Washington, DC: Island Press.

Brand, A. B., Snodgrass, J. W., Gallagher, M. T., Casey, R. E., & Van Meter, R. (2010). Lethal and 
sublethal effects of embryonic and larval exposure of Hyla versicolor to stormwater pond 
sediments. Archives of environmental contamination and toxicology, 58(2), 325-331.

Canada’s Ecozones. (2016). Mixedwood Plains. Retrieved from http://canadasecozones.weebly.com/
mixedwood-plains.html

CARCNET - Canadian Amphibian and Reptile Conservation Network (2012). Amphibians and 
Reptiles of Canada. (2012). Retrieved from http://www.carcnet.ca/

Carruthers, B., & Gunson, K. E. (2015). Development of a provincial wildlife mitigation strategy for 
large and small animals on highways in Ontario. Presentation and paper submitted to the 2015 
International Conference on Ecology and Transportation, Raleigh, North Carolina.

Carstairs, S., Dupuis-Desormeaux, M., & Davy, C.M. (in review). Sex bias in turtle-road interactions.

Caverhill, B., Johnson, B., Phillips, J., Nadeau, E., Kula, M., & Holmes, R. (2011). Blanding’s turtle 
(Emydoidea blandingii) and Snapping turtle (Chelydra serpentina) habitat use and movements 
in the Oakland Swamp wetland complex, Ontario, Canada, and their response to the Provincial 
Highway 24 exclusion fence and aquatic culvert ecopassage from 2010-2011. Report prepared 
by the Toronto Zoo, Adopt-A-Pond Programme, Toronto, Ontario, 92 pp.

City of Peterborough (2015). Vehicle volume counts, 6 pp. Retrieved from http://www.peterborough.
ca/Living/City_Services/Transportation/Traffic.htm  



62

Clevenger, A. P., Chruszcz, B., & Gunson, K. (2001). Drainage culverts as habitat linkages and 
factors affecting passage by mammals. Journal of Applied Ecology, 38(6), 1340-1349.

Clevenger, A.P., & Huijser, M.P. (2011). Wildlife Crossing Structure Handbook: Design and 
Evaluation in North America. Federal Highway Administration, Final Report.

County of Northumberland (2013). Summary report – AADT traffic counts, 2 pp. Retrieved from 
http://www.northumberlandcounty.ca/en/departments_publicworks/2013_traffic_count.asp

County of Peterborough (2014). AADT for County of Peterborough, 5 pp. Retrieved from http://cms.
county.peterborough.on.ca/assets/uploads/documents/AADT_for_County_of_Peterborough_
Updated_May_2014.pdf

Cureton, J. C., & Deaton, R. (2012). Hot moments and hot spots: Identifying factors explaining 
temporal and spatial variation in turtle road mortality. The Journal of Wildlife Management, 
76(5), 1047-1052.

Dennis, E. B., Morgan, B. J., Brereton, T. M., Roy, D. B., & Fox, R. (in press). Using citizen science 
butterfly counts to predict species population trends. Conservation Biology.

Dramstad, W. E., Olson, J. D., & Forman, R. T. (1996). Landscape ecology principles in landscape 
architecture and land-use planning. S.I.: Harvard University Graduate School of Design.

Ferronato, B. O., Roe, J. H., & Georges, A. (2015). Urban hazards: Spatial ecology and survivorship 
of a turtle in an expanding suburban environment. Urban Ecosystems, 19(1), 415-428.

Forman, R. T., Sperling, D., Bissonette, J. A., Clevenger, A. P., Cutshall, C. D., Dale, V. H., . . . 
Winter, T. C. (2003). Road ecology: Science and solutions. Washington, DC: Island Press.

Fuccillo, K. K., Crimmins, T. M., Rivera, C. E., & Elder, T. S. (2014). Assessing accuracy in citizen 
science-based plant phenology monitoring. International Journal of Biometeorology, 59(7), 
917-926.

Gibbons, W., & Greene, J. (2009). Turtles: The animal answer guide. Baltimore, MD: Johns Hopkins 
University Press.

Gibbs, J. P., & Shriver, W. G. (2002). Estimating the effects of road mortality on turtle populations. 
Conservation Biology, 16(6), 1647-1652.

Gibbs, J. P., & Steen, D. A. (2005). Trends in sex ratios of turtles in the United States: Implications of 
road mortality. Conservation Biology, 19(2), 552-556.

Government of Ontario (2017). Species at risk in Ontario.  Retrieved from https://www.ontario.ca/
environment-and-energy/species-risk-ontario-list

Graves, B.M., & S.H. Anderson. (1987). Habitat suitability index models: snapping turtle. U.S. Fish 
and Wildlife Service. Biological Report 82(10.141), 18 pp.



63

Gunson, K. E. (2010). Green infrastructure design for municipal roads. Municipal World, 120(3), 
9-10.

Gunson, K.E., Ireland, D., & Schueler, F.W. (2012). A tool to prioritize high-risk road mortality 
locations for wetland-forest herpetofauna in Southern Ontario, Canada. North-Western Journal 
of Zoology 8(2), 409-413.

Gunson, K. E., Mountrakis, G., & Quackenbush, L. J. (2011). Spatial wildlife-vehicle collision 
models: A review of current work and its application to transportation mitigation projects. 
Journal of Environmental Management, 92(4), 1074-1082.

Gunson, K. E., & Schueler, F. W. (2012). Effective placement of road mitigation using lessons 
learned from turtle crossing signs in Ontario. Ecological Restoration, 30(4), 329-334.

Gunson, K.E., Seburn, D., & Lesbarrères, D. (2014). Turtle encounters and subsequent fencing on 
highways 7 and 41 in 2012 and 2013. Final report submitted to the Ministry of Transportation, 
Kingston, Ontario.

Klemens, M. W. (Ed.). (2000). Turtle conservation. Washington: Smithsonian Institution Press.

Langen, T. A., Gunson, K. E., Scheiner, C. A., & Boulerice, J. T. (2012). Road mortality in freshwater 
turtles: Identifying causes of spatial patterns to optimize road planning and mitigation. 
Biodiversity and Conservation, 21(12), 3017-3034.

Langen, T. A., Ogden, K. M., & Schwarting, L. L. (2009). Predicting hot spots of herpetofauna road 
mortality along highway networks. Journal of Wildlife Management, 73(1), 104-114.

Lesbarrères, D., & Fahrig, L. (2012). Measures to reduce population fragmentation by roads: What 
has worked and how do we know? Trends in Ecology & Evolution, 27(7), 374-380. 

Lesbarrères, D., Ashpole, S., Bishop, C., Blouin-Demers, G., Brooks, R., Echaubard, P., . . . 
Lougheed, S. (2014). Conservation of herpetofauna in northern landscapes: Threats and 
challenges from a Canadian perspective. Biological Conservation, 170, 48-55.

MacKinnon, C.A., Moore, L.A., Brooks, R.J.  (2005). Why did the reptile cross the road?  Landscape 
factors associated with road mortality of snakes and turtles in the Southeastern Georgian Bay 
Region.  Parks Research Forum, 8, 18-25.

Mazerolle, M., & Villard, M. (1999). Patch characteristics and landscape context as predictors of 
species presence and abundance: A review. EcoScience, 6 (1), 117-124.

MNRF - Ontario Ministry of Natural Resources and Forestry (2013). General Habitat Description for 
the Blanding’s Turtle (Emydoidea blandingii). Queen’s Printer for Ontario, 7 pp.

MNRF - Ministry of Natural Resources and Forestry (2015). SCOOP 2013 DEM User Guide.  
Queen’s Printer for Ontario, 15 pp. 



64

MNRF - Ministry of Natural Resources and Forestry (2015). Southern Ontario Land Resource 
Information System (SOLRIS) Version 2.0: Data Specifications.  Queen’s Printer for Ontario, 
19 pp. 

MNRF - Ontario Ministry of Natural Resources and Forestry (2016). Best Management Practices 
for Mitigating the Effects of Roads on Amphibians and Reptile Species at Risk in Ontario. 
Queen’s Printer for Ontario, 112 pp.

MTO – Ministry of Transportation Ontario (2013). Provincial Highways Traffic Volumes (AADT 
Only). Traffic Office, 54 pp.

MTO – Ministry of Transportation (2015). MTO Wildlife Mitigation Program Analysis and Tools. 
Final report submitted by Eco-Kare International to the Ministry of Transportation, St. 
Catharines, Ontario, 184 pages.

Obbard, M., & Brooks, R. (1980). Nesting migrations of the snapping turtle (Chelydra serpentina). 
Herpetologica, 36(2), 158-162.

Obbard, M., & Brooks, R. (1987). Prediction of the onset of the annual nesting season of the 
common snapping turtle, Chelydra serpentina. Herpetologica, 43(3), 324-328.

Ontario Biodiversity Council (2015). State of Ontario’s Biodiversity. Ontario Biodiversity Council, 
Peterborough, Ontario. Retrieved from http://ontariobiodiversitycouncil.ca/sobr

Ontario Nature (2015). Reptiles and Amphibians of Ontario. Retrieved from http://www.
ontarionature.org/protect/species/reptiles_and_amphibians/

OREG - Ontario Road Ecology Group (2010). A guide to road ecology in Ontario. Environment 
Canada Habitat Stewardship Program for Species at Risk.

Roe, J. H., & Georges, A. (2007). Heterogeneous wetland complexes, buffer zones, and travel 
corridors: Landscape management for freshwater reptiles. Biological Conservation, 135(1), 
67-76.

Shepard, D. B., Kuhns, A. R., Dreslik, M. J., & Phillips, C. A. (2008). Roads as barriers to animal 
movement in fragmented landscapes. Animal Conservation, 11(4), 288-296.

Species at Risk Public Registry (2016). Government of Canada. Retrieved from http://www.
registrelep-sararegistry.gc.ca/species/speciesDetails_e.cfm?sid=1033

Statistics Canada (2015). Length of Canada’s public road network, 2003. Retrieved from http://www.
statcan.gc.ca/pub/16-002-x/2009001/tbl/transpo/tbl001-eng.htm

Steen, D. A., Aresco, M. J., Beilke, S. G., Compton, B. W., Condon, E. P., Dodd, C. K., . . . Gibbs, 
J. P. (2006). Relative vulnerability of female turtles to road mortality. Animal Conservation, 
9(3), 269-273.

Steen, D. A., & Gibbs, J. P. (2004). Effects of roads on the structure of freshwater turtle populations. 
Conservation Biology, 18(4), 1143-1148.



65

Steen, D., Gibbs, J., Buhlmann, K., Carr, J., Compton, B., Congdon, J., . . . Wilson, D. (2012). 
Terrestrial habitat requirements of nesting freshwater turtles. Biological Conservation, 150(1), 
121-128.

Steyermark, A. C., Finkler, M. S., & Brooks, R. J. (2008). Biology of the snapping turtle (Chelydra 
serpentina). Baltimore: Johns Hopkins University Press, 124-131.

Teixeira, F. Z., Kindel, A., Hartz, S. M., Mitchell, S., & Fahrig, L. (2017). When road-kill hotspots do 
not indicate the best sites for road-kill mitigation. Journal of Applied Ecology.

van Dijk, P. P. (2010). Status of the World’s Tortoises and Freshwater Turtles. Conservation 
International and IUCN TFTSG



66

Appendix A: Summary of studies on the spatial patterns associated with turtle road trauma (* refers to variables that were briefly discussed, but not included in the analysis)

Source Objective
Location/
Duration

Target Species Method of Analysis Independent Dependent Conclusions

MacKinnon 
et al., 2005

Test whether road 
sections closer to 
wetlands were 
associated with 
higher roadkill 
numbers

Georgian 
Bay, 
Ontario

Apr-Oct.,
2003-2004

Turtles (6 
species)
Snakes (10 
species)

Multivariate regression 
model (identify which 
variables explain 
roadkill distribution)

Distance of each road segment 
to driveways, Georgian Bay and 
water crossing
Number of driveways, water 
crossings and buildings
Road area
Water area

Number of roadkill 
within 100m 
segment

Roadkill tended to be closer to 
Georgian Bay and further from 
driveways; roadkill increased as 
road area and water area 
increased, and when more water 
crossings and buildings were 
present

Beaudry et 
al., 2008

Examine the 
distribution of 
roadkill risk of 2 
turtle species at 
three spatial scales

York 
county, 
Southern 
Maine

Apr-Nov., 
2004-2006

Spotted turtle
Blanding’s 
turtle

Fine: Tortuosity 
prediction
Coarse: Gravity model
Coarsest: Population 
viability analysis (PVA)

Fine: Tortuosity, individual 
behaviour, land use, wetland 
type, species
Coarse: Wetland type, distance 
to wetland, wetland quality, 
mean distance of movement
Coarsest: Mean distance of 
movement, species, time 
projection, fecundity, sexual 
maturity, etc. 

Fine: Road crossing 
location
Coarse: Road 
mortality hotspot 
location
Coarsest: 
Probability of 
extinction

Fine: Spatial variability of road 
mortality risk was high
Coarse: Road mortality hotspots 
were evident 
Coarsest: Probabilities of 
extinction over 100-year 
projections were 5.1% (spotted) 
and 58.8% (Blanding’s)

Langen et 
al., 2009

Identify a 
simple/valid 
indicator of road 
mortality hot spots; 
develop a general 
methodology for 
creating and 
validating predictive 
models of spatial 
patterns

New York 
State

July, 2002; 
June-July, 
2006-2007

Reptiles
Amphibians

Logistic regression 
models (identify 
predictors of presence 
or absence)

Land cover/land use 
Traffic volumes 
Wetland configuration
*Length of causeway
*Population density
*Road density

Road mortality 
hotspot location 

Hotspots were located where 
wetlands were within 100m of 
the road on both sides 
(causeways)
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Gunson et 
al., 2011

Summarize empirical 
WVC findings to 
facilitate application 
of this knowledge to 
planning, and design 
of mitigation 
strategies on roads

Varies

Varies

Ungulates
Carnivores
Small 
vertebrates
Birds
Herpetofauna

Review of studies that 
used linear models 

Landscape related 
characteristics: factors that 
influence animal distribution, 
abundance, etc. (e.g., land 
cover, presence of causeways, 
proportion of habitat)
Road-related predictors: traffic 
volumes, road alignment, road 
width, visibility, riparian 
presence and road-side 
topography

Location of WVC WVCs commonly occurred when 
roads bisect favorable cover, 
foraging, or breeding habitat for 
specific species and were 
generally highest on road 
sections with high traffic 
volumes, low
visibility, and when roads cut 
through drainage movement 
corridors

Langen et 
al., 2012

Evaluate the spatial 
extent/severity of 
road-kill clustering 
along the surveyed 
roads; identify 
landscape and road 
features associated 
with turtle road 
mortality clusters

New York 
State

May-Oct., 
2006-2007

Snapping 
turtle
Painted turtle
Blanding's 
turtle

Kernel density analysis 
(analyze spatial 
dispersion)
Ripley's K  (measure 
spatial patterns at a 
range of scales)
Logistic regression 
models (identify 
predictors of 
presence/absence)

Locations of wetland
Traffic volumes
Length of causeway 
Adjacent land-uses
*Population density
*Road density
*Species

Road mortality 
hotspot location
Peak spatial extent 
of hotspots

Hotspot location corresponds 
with road segments with 
wetlands within 100m on either 
side; were located at causeways 
that were greater than 200m in 
length; and were characterized 
by high traffic volumes, close 
proximity to water, and high 
forest coverage (also, aggregated 
by species)

Cureton & 
Deaton, 
2012

Identify hot 
moments and hot 
spots of 5 turtle 
species with an 
overlapping 
breeding season in 2 
counties in 
northeast Texas

Northeast 
Texas

May-Sept., 
2009-2010

Snapping 
turtle
River cooter
Carolina box 
turtle 
Ornate box 
turtle 
Pond slider

General linear models 
(identify predictors of 
hotspots)

Distance to Water
Distance to City
Distance to Grassland
Distance to Agriculture
Distance to Forest
Traffic Volume
Species
*Sex
*Road Size

Road mortality 
hotspot

Road mortality hot spots seem to 
be species-specific and are not 
always associated with the 
habitat where species are 
commonly observed

Gunson et 
al., 2012

Develop a GIS 
modeling tool that 
predicts high-risk 
road mortality 
locations for 
selected 
herpetofauna 
species 

Southern 
Ontario

1970-2005

7 amphibians
Painted turtle
Snapping 
turtle
Blanding’s 
turtle

GIS model (identify 
predictors of hotspots)

Land cover
Road length
Habitat suitability index (200m 
buffer radius)
Habitat area
*Species

Road mortality 
hotspot location

Animals were more at risk of 
road mortality when roads 
bisected large areas of wetland-
forest habitat

Gunson et 
al., 2011

Summarize empirical 
WVC findings to 
facilitate application 
of this knowledge to 
planning, and design 
of mitigation 
strategies on roads

Varies

Varies

Ungulates
Carnivores
Small 
vertebrates
Birds
Herpetofauna

Review of studies that 
used linear models 

Landscape related 
characteristics: factors that 
influence animal distribution, 
abundance, etc. (e.g., land 
cover, presence of causeways, 
proportion of habitat)
Road-related predictors: traffic 
volumes, road alignment, road 
width, visibility, riparian 
presence and road-side 
topography

Location of WVC WVCs commonly occurred when 
roads bisect favorable cover, 
foraging, or breeding habitat for 
specific species and were 
generally highest on road 
sections with high traffic 
volumes, low
visibility, and when roads cut 
through drainage movement 
corridors

Langen et 
al., 2012

Evaluate the spatial 
extent/severity of 
road-kill clustering 
along the surveyed 
roads; identify 
landscape and road 
features associated 
with turtle road 
mortality clusters

New York 
State

May-Oct., 
2006-2007

Snapping 
turtle
Painted turtle
Blanding's 
turtle

Kernel density analysis 
(analyze spatial 
dispersion)
Ripley's K  (measure 
spatial patterns at a 
range of scales)
Logistic regression 
models (identify 
predictors of 
presence/absence)

Locations of wetland
Traffic volumes
Length of causeway 
Adjacent land-uses
*Population density
*Road density
*Species

Road mortality 
hotspot location
Peak spatial extent 
of hotspots

Hotspot location corresponds 
with road segments with 
wetlands within 100m on either 
side; were located at causeways 
that were greater than 200m in 
length; and were characterized 
by high traffic volumes, close 
proximity to water, and high 
forest coverage (also, aggregated 
by species)

Cureton & 
Deaton, 
2012

Identify hot 
moments and hot 
spots of 5 turtle 
species with an 
overlapping 
breeding season in 2 
counties in 
northeast Texas

Northeast 
Texas

May-Sept., 
2009-2010

Snapping 
turtle
River cooter
Carolina box 
turtle 
Ornate box 
turtle 
Pond slider

General linear models 
(identify predictors of 
hotspots)

Distance to Water
Distance to City
Distance to Grassland
Distance to Agriculture
Distance to Forest
Traffic Volume
Species
*Sex
*Road Size

Road mortality 
hotspot

Road mortality hot spots seem to 
be species-specific and are not 
always associated with the 
habitat where species are 
commonly observed

Gunson et 
al., 2012

Develop a GIS 
modeling tool that 
predicts high-risk 
road mortality 
locations for 
selected 
herpetofauna 
species 

Southern 
Ontario

1970-2005

7 amphibians
Painted turtle
Snapping 
turtle
Blanding’s 
turtle

GIS model (identify 
predictors of hotspots)

Land cover
Road length
Habitat suitability index (200m 
buffer radius)
Habitat area
*Species

Road mortality 
hotspot location

Animals were more at risk of 
road mortality when roads 
bisected large areas of wetland-
forest habitat
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Gunson & 
Schueler, 
2012

Statistically analyze 
where  turtle-vehicle 
collisions occur in 
relation to habitat 
and road type (+ 
compare hotspots to 
existing sign 
locations)

Southern 
Ontario

1970-2011

Painted turtle
Snapping 
turtle
Blanding’s 
turtle
Wood turtle
Spotted turtle
Northern map
turtle

GIS model (identify 
predictors of hotspots)

Habitat (HSI)
Turtle trauma locations
Road class (highway, county or 
township)
Road surface (gravel or paved)
Turtle crossing sign locations

Road mortality 
hotspot location

Validated hotspots were 
equivalent to 19000 km of road 
in Southern Ontario; they 
occured most often on paved 
highways and county roads: 13% 
of signs were not located at 
hotspots

Gunson et 
al., 2014

Monitor and 
compare turtle 
movements and 
road mortality over 
two years (and test 
effectiveness of 
barrier fencing)

Southern 
Ontario

May-Sept., 
2012-2013

Snapping 
turtle
Painted turtle
Blanding's 
turtle

Linear density analysis 
+ Kernel density 
analysis (analyze 
hotspot density and 
location)
Ripley's K  (analyze 
scale of clustering)

Distance units (km)
Turtle observation location
Species (SAR vs common)
*Shoulder type (paved or 
gravel)
*Habitat
*On-road location (middle, 
edge, shoulder)

Road mortality 
hotspot location
Clustering scale

Turtles were spatially clustered 
at large and smaller more 
localized scales on both 
highways 7 and 41; Overall, the 
major hotspots were located at 
similar locations in both years, 
but some shorter hotspots were 
in different locations from one 
year to the other

MTO, 2015 Define where 
wildlife mitigation 
should be prioritized 
for small animals on 
provincial highways

Ontario

Varies

Blanding's 
turtle
Massasauga 
rattlesnake
Foxsnake

Predictive occurrence 
model (evaluate where 
hotspots occur)
-Logistic regression 
(identify which land 
uses explain spatial 
patterns)

Land-use/habitat
Species 

Road mortality 
hotspot location

Marsh, swamp and forest were 
best predictors of Blanding's 
turtle mortality spots
1,727 km of road were identified 
as hotspots for Blanding’s Turtles 
and 39% of these hotspots were 
validated with Blanding’s Turtles 
presence

Gunson & 
Schueler, 
2012

Statistically analyze 
where  turtle-vehicle 
collisions occur in 
relation to habitat 
and road type (+ 
compare hotspots to 
existing sign 
locations)

Southern 
Ontario

1970-2011

Painted turtle
Snapping 
turtle
Blanding’s 
turtle
Wood turtle
Spotted turtle
Northern map
turtle

GIS model (identify 
predictors of hotspots)

Habitat (HSI)
Turtle trauma locations
Road class (highway, county or 
township)
Road surface (gravel or paved)
Turtle crossing sign locations

Road mortality 
hotspot location

Validated hotspots were 
equivalent to 19000 km of road 
in Southern Ontario; they 
occured most often on paved 
highways and county roads: 13% 
of signs were not located at 
hotspots

Gunson et 
al., 2014

Monitor and 
compare turtle 
movements and 
road mortality over 
two years (and test 
effectiveness of 
barrier fencing)

Southern 
Ontario

May-Sept., 
2012-2013

Snapping 
turtle
Painted turtle
Blanding's 
turtle

Linear density analysis 
+ Kernel density 
analysis (analyze 
hotspot density and 
location)
Ripley's K  (analyze 
scale of clustering)

Distance units (km)
Turtle observation location
Species (SAR vs common)
*Shoulder type (paved or 
gravel)
*Habitat
*On-road location (middle, 
edge, shoulder)

Road mortality 
hotspot location
Clustering scale

Turtles were spatially clustered 
at large and smaller more 
localized scales on both 
highways 7 and 41; Overall, the 
major hotspots were located at 
similar locations in both years, 
but some shorter hotspots were 
in different locations from one 
year to the other

MTO, 2015 Define where 
wildlife mitigation 
should be prioritized 
for small animals on 
provincial highways

Ontario

Varies

Blanding's 
turtle
Massasauga 
rattlesnake
Foxsnake

Predictive occurrence 
model (evaluate where 
hotspots occur)
-Logistic regression 
(identify which land 
uses explain spatial 
patterns)

Land-use/habitat
Species 

Road mortality 
hotspot location

Marsh, swamp and forest were 
best predictors of Blanding's 
turtle mortality spots
1,727 km of road were identified 
as hotspots for Blanding’s Turtles 
and 39% of these hotspots were 
validated with Blanding’s Turtles 
presence

Gunson & 
Schueler, 
2012

Statistically analyze 
where  turtle-vehicle 
collisions occur in 
relation to habitat 
and road type (+ 
compare hotspots to 
existing sign 
locations)

Southern 
Ontario

1970-2011

Painted turtle
Snapping 
turtle
Blanding’s 
turtle
Wood turtle
Spotted turtle
Northern map
turtle

GIS model (identify 
predictors of hotspots)

Habitat (HSI)
Turtle trauma locations
Road class (highway, county or 
township)
Road surface (gravel or paved)
Turtle crossing sign locations

Road mortality 
hotspot location

Validated hotspots were 
equivalent to 19000 km of road 
in Southern Ontario; they 
occured most often on paved 
highways and county roads: 13% 
of signs were not located at 
hotspots

Gunson et 
al., 2014

Monitor and 
compare turtle 
movements and 
road mortality over 
two years (and test 
effectiveness of 
barrier fencing)

Southern 
Ontario

May-Sept., 
2012-2013

Snapping 
turtle
Painted turtle
Blanding's 
turtle

Linear density analysis 
+ Kernel density 
analysis (analyze 
hotspot density and 
location)
Ripley's K  (analyze 
scale of clustering)

Distance units (km)
Turtle observation location
Species (SAR vs common)
*Shoulder type (paved or 
gravel)
*Habitat
*On-road location (middle, 
edge, shoulder)

Road mortality 
hotspot location
Clustering scale

Turtles were spatially clustered 
at large and smaller more 
localized scales on both 
highways 7 and 41; Overall, the 
major hotspots were located at 
similar locations in both years, 
but some shorter hotspots were 
in different locations from one 
year to the other

MTO, 2015 Define where 
wildlife mitigation 
should be prioritized 
for small animals on 
provincial highways

Ontario

Varies

Blanding's 
turtle
Massasauga 
rattlesnake
Foxsnake

Predictive occurrence 
model (evaluate where 
hotspots occur)
-Logistic regression 
(identify which land 
uses explain spatial 
patterns)

Land-use/habitat
Species 

Road mortality 
hotspot location

Marsh, swamp and forest were 
best predictors of Blanding's 
turtle mortality spots
1,727 km of road were identified 
as hotspots for Blanding’s Turtles 
and 39% of these hotspots were 
validated with Blanding’s Turtles 
presence

Gunson & 
Schueler, 
2012

Statistically analyze 
where  turtle-vehicle 
collisions occur in 
relation to habitat 
and road type (+ 
compare hotspots to 
existing sign 
locations)

Southern 
Ontario

1970-2011

Painted turtle
Snapping 
turtle
Blanding’s 
turtle
Wood turtle
Spotted turtle
Northern map
turtle

GIS model (identify 
predictors of hotspots)

Habitat (HSI)
Turtle trauma locations
Road class (highway, county or 
township)
Road surface (gravel or paved)
Turtle crossing sign locations

Road mortality 
hotspot location

Validated hotspots were 
equivalent to 19000 km of road 
in Southern Ontario; they 
occured most often on paved 
highways and county roads: 13% 
of signs were not located at 
hotspots

Gunson et 
al., 2014

Monitor and 
compare turtle 
movements and 
road mortality over 
two years (and test 
effectiveness of 
barrier fencing)

Southern 
Ontario

May-Sept., 
2012-2013

Snapping 
turtle
Painted turtle
Blanding's 
turtle

Linear density analysis 
+ Kernel density 
analysis (analyze 
hotspot density and 
location)
Ripley's K  (analyze 
scale of clustering)

Distance units (km)
Turtle observation location
Species (SAR vs common)
*Shoulder type (paved or 
gravel)
*Habitat
*On-road location (middle, 
edge, shoulder)

Road mortality 
hotspot location
Clustering scale

Turtles were spatially clustered 
at large and smaller more 
localized scales on both 
highways 7 and 41; Overall, the 
major hotspots were located at 
similar locations in both years, 
but some shorter hotspots were 
in different locations from one 
year to the other

MTO, 2015 Define where 
wildlife mitigation 
should be prioritized 
for small animals on 
provincial highways

Ontario

Varies

Blanding's 
turtle
Massasauga 
rattlesnake
Foxsnake

Predictive occurrence 
model (evaluate where 
hotspots occur)
-Logistic regression 
(identify which land 
uses explain spatial 
patterns)

Land-use/habitat
Species 

Road mortality 
hotspot location

Marsh, swamp and forest were 
best predictors of Blanding's 
turtle mortality spots
1,727 km of road were identified 
as hotspots for Blanding’s Turtles 
and 39% of these hotspots were 
validated with Blanding’s Turtles 
presence
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Appendix B: Summary of studies on the temporal patterns associated with turtle road trauma (* refers to variables that were briefly discussed, but not included in the analysis)

Source Objective
Location/
Duration

Target Species
Method of 

Analysis
Independent Dependent Conclusions

Beaudry et 
al., 2010

Identify potential hot 
moments in an 
endangered turtle’s 
annual cycle, thus 
informing the optimal 
timing of mitigation 
measures

Maine, USA 

Apr-Nov., 
2004-2006

Blanding's turtle Population 
simulations (PVA)

Traffic volume
Road type
Average movement length 
per individual
Sex
Season (date)

Peak trauma Early summer (June to mid-
July) were identified as 
periods of elevated risk for 
males and females

Cureton & 
Deaton, 
2012

Identify hot moments and 
hot spots of 5 turtle 
species with an 
overlapping breeding 
season in 2 counties in 
northeast Texas

Northeast 
Texas

May-Sept., 
2009-2010

Snapping turtle
River cooter
Carolina box 
turtle Ornate 
box turtle 
Pond slider

General linear 
model

Month
Daily temperature (air)
Wind (speed)
Total precipitation
Fog
Species
*Sex
*Cloud Cover
*Thunder

Peak trauma Hot moments coincide with 
month (aka peak breeding 
seasons) for all species

Ferronato 
et al., 2015

Compare movement and 
survivorship of female 
turtles in suburbs to 
those in an adjacent 
nature reserve

Canberra, 
Australia

Jan., 2012-
Apr., 2013

Eastern long-
necked turtle

Multiple linear 
regressions

Weekly precipitation
Daily maximum temperature 
(air)
Season 
Location (suburban vs 
reserve) 
*Traffic volume
*Road density
*Human population
*Suburban development

Weekly movement 
of each turtle
Survivorship

Weekly movement distances 
were positively correlated 
with max temp and rainfall; 
survivorship was related to 
location (less survivorship with 
suburb turtles)

Appendix B
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Appendix C: List of traffic volume (AADT) at each trauma point, with source and year of traffic count. 
*Refers to traffic volume of road segment with nearest available AADT value

Appendix C

Trauma 
Point

Traffic 
Volume

Road Segment Source Year

1a 757 Johnston Dr (Crawford to Hwy 115) City of Peterborough 2015
1b 25400 Hwy 7 (Bensfort to Parkway) MTO 2013
1c 25400 Hwy 7 (Bensfort to Parkway) MTO 2013
1d 25400 Hwy 7 (Bensfort to Parkway) MTO 2013
1e 25400 Hwy 7 (Bensfort to Parkway) MTO 2013
1f 25400 Hwy 7 (Bensfort to Parkway) MTO 2013
1g 25600 Hwy 7 (Parkway to Airport) MTO 2013
1h 25600 Hwy 7 (Parkway to Airport) MTO 2013
2a 6262* Bensfort Rd (Collinson to Riverview Heights)* City of Peterborough 2015
2b 6262* Bensfort Rd (Collinson to Riverview Heights)* City of Peterborough 2015
2c 6262* Bensfort Rd (Collinson to Riverview Heights)* City of Peterborough 2015
2d 6262* Bensfort Rd (Collinson to Riverview Heights)* City of Peterborough 2015
3a 5050 County Rd 18 (County Rd 20 to County Rd 24) County of Peterborough 2010
3b 5050 County Rd 18 (County Rd 20 to County Rd 24) County of Peterborough 2010
3c 5050 County Rd 18 (County Rd 20 to County Rd 24) County of Peterborough 2010
3d 5050 County Rd 18 (County Rd 20 to County Rd 24) County of Peterborough 2010
3e 3800 County Rd 18 (County Rd 24 to County Rd 23) County of Peterborough 2010
3f 3800 County Rd 18 (County Rd 24 to County Rd 23) County of Peterborough 2010
4a 1650 County Rd 17 (County Rd 16 to Centre Lot 14) County of Peterborough 2010
4b 1650 County Rd 17 (County Rd 16 to Centre Lot 14) County of Peterborough 2010
4c 1650 County Rd 17 (County Rd 16 to Centre Lot 14) County of Peterborough 2010
4d 1650 County Rd 17 (County Rd 16 to Centre Lot 14) County of Peterborough 2010
4e 1650 County Rd 17 (County Rd 16 to Centre Lot 14) County of Peterborough 2010
5a 3900 Hwy 7 (Hwy 37 to Pigden Road) MTO 2013
5b 3900 Hwy 7 (Hwy 37 to Pigden Road) MTO 2013
5c 3900 Hwy 7 (Hwy 37 to Pigden Road) MTO 2013
5d 3900 Hwy 7 (Hwy 37 to Pigden Road) MTO 2013
5e 4200 Hwy 7 (Hwy 37 to Hwy 41) MTO 2013
5f 4200 Hwy 7 (Hwy 37 to Hwy 41) MTO 2013
5g 4200 Hwy 7 (Hwy 37 to Hwy 41) MTO 2013
5h 4200 Hwy 7 (Hwy 37 to Hwy 41) MTO 2013
5i 4200 Hwy 7 (Hwy 37 to Hwy 41) MTO 2013
6a 4200 Hwy 28 (County Rd 36 to 504) MTO 2013
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6b 4200 Hwy 28 (County Rd 36 to 504) MTO 2013
6c 4200 Hwy 28 (County Rd 36 to 504) MTO 2013
6d 4200 Hwy 28 (County Rd 36 to 504) MTO 2013
6e 4200 Hwy 28 (County Rd 36 to 504) MTO 2013
6f 4200 Hwy 28 (County Rd 36 to 504) MTO 2013
6g 4200 Hwy 28 (County Rd 36 to 504) MTO 2013
6h 4200 Hwy 28 (County Rd 36 to 504) MTO 2013
6i 3000 Hwy 28 (504 to 620) MTO 2013
6j 3000 Hwy 28 (504 to 620) MTO 2013
6k 3000 Hwy 28 (504 to 620) MTO 2013
7a 2700 Hwy 28 (County Rd 48 to Hwy 118) MTO 2013
7b 2700 Hwy 28 (County Rd 48 to Hwy 118) MTO 2013
7c 2700 Hwy 28 (County Rd 48 to Hwy 118) MTO 2013
7d 2700 Hwy 28 (County Rd 48 to Hwy 118) MTO 2013
7e 2700 Hwy 28 (County Rd 48 to Hwy 118) MTO 2013
8a 10000* County Rd 28 (Hwy 115 and County Rd 21)* County of Peterborough 2013
8b 10000 County Rd 28 (Hwy 115 and County Rd 21) County of Peterborough 2013
8c 10000 County Rd 28 (Hwy 115 and County Rd 21) County of Peterborough 2013
8d 10000* County Rd 28 (Hwy 115 and County Rd 21)* County of Peterborough 2013
8e 10000 County Rd 28 (Hwy 115 and County Rd 21) County of Peterborough 2013
9a 6359 Airport (Fischer to Brown) City of Peterborough 2015
9b 6359* Airport (Fischer to Brown)* City of Peterborough 2015
9c 25600 Hwy 7 (Parkway to Airport) MTO 2013
9d 25600 Hwy 7 (Parkway to Airport) MTO 2013
9e 25600 Hwy 7 (Parkway to Airport) MTO 2013
9f 25600 Hwy 7 (Parkway to Airport) MTO 2013
9g 25600 Hwy 7 (Parkway to Airport) MTO 2013
9h 25600 Hwy 7 (Parkway to Airport) MTO 2013
9i 25600 Hwy 7 (Parkway to Airport) MTO 2013

10a 10768 Television (Maniece to Keene) City of Peterborough 2015
10b 10768 Television (Maniece to Keene) City of Peterborough 2015
10c 10768 Television (Maniece to Keene) City of Peterborough 2015
10d 10768 Television (Maniece to Keene) City of Peterborough 2015
10e 10768 Television (Maniece to Keene) City of Peterborough 2015
10f 10768 Television (Maniece to Keene) City of Peterborough 2015
10g 7545 Television Rd (Lansdowne to Keene) City of Peterborough 2015
10h 7545 Television Rd (Lansdowne to Keene) City of Peterborough 2015
10i 7545 Television Rd (Lansdowne to Keene) City of Peterborough 2015
10j 7545 Television Rd (Lansdowne to Keene) City of Peterborough 2015
10k 7545 Television Rd (Lansdowne to Keene) City of Peterborough 2015
10l 23000 Hwy 7 (Burnham to Television) MTO 2013



72

10m 7545 Television Rd (Lansdowne to Keene) City of Peterborough 2015
10n 23000 Hwy 7 (Burnham to Television) MTO 2013
10o 23000 Hwy 7 (Burnham to Television) MTO 2013
10p 23000 Hwy 7 (Burnham to Television) MTO 2013
11a 17700* Hwy 7 (Heritage/Hwy 28 to Burnham Line)* MTO 2013
11b 17700 Hwy 7 (Heritage/Hwy 28 to Burnham Line) MTO 2013
11c 17700 Hwy 7 (Heritage/Hwy 28 to Burnham Line) MTO 2013
11d 17700 Hwy 7 (Heritage/Hwy 28 to Burnham Line) MTO 2013
12a 13150 County Rd 18 (County Rd 19 to County Rd 1) County of Peterborough 2012
12b 13150 County Rd 18 (County Rd 19 to County Rd 1) County of Peterborough 2012
12c 13150 County Rd 18 (County Rd 19 to County Rd 1) County of Peterborough 2012
12d 15300 County Rd 18 (County Rd 19 to County Rd 1) County of Peterborough 2010
13a 10500 County Rd 29 (Peterborough to County Rd 23) County of Peterborough 2009
13b 10500* County Rd 29 (Peterborough to County Rd 23)* County of Peterborough 2009
13c 10500* County Rd 29 (Peterborough to County Rd 23)* County of Peterborough 2009
13d 10500 County Rd 29 (Peterborough to County Rd 23) County of Peterborough 2009
14a 4200 County Road 25 (County Rd 45 to County Rd 35) County of Northumberland 2013
14b 4200 County Road 25 (County Rd 45 to County Rd 35) County of Northumberland 2013
14c 4200 County Road 25 (County Rd 45 to County Rd 35) County of Northumberland 2013
14d 4200 County Road 25 (County Rd 45 to County Rd 35) County of Northumberland 2013
14e 4200 County Road 25 (County Rd 45 to County Rd 35) County of Northumberland 2013
15a 4050 County Rd 37 (Adam and Eve Rd to County Rd 36) County of Peterborough 2012
15b 3100 County Rd 36 (County Rd 23 to County Rd 507) County of Peterborough 2010
15c 4050 County Rd 37 (Adam and Eve Rd to County Rd 36) County of Peterborough 2012
15d 1100 County Rd 36 (County Rd 23 to Deer's Bay Reach) County of Peterborough 2010
16a AADT Unavailable County of Kawartha Lakes
16b AADT Unavailable County of Kawartha Lakes
16c AADT Unavailable County of Kawartha Lakes
16d AADT Unavailable County of Kawartha Lakes
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Figure D.1: Digitized land covers at hotspot 1

Figure D.2: Digitized land covers at hotspot 2

Appendix D

Figure D.3: Digitized land 
covers at hotspot 3

Impermeable

Permeable

Built

Herbaceous - 1 

Herbaceous - 2

Agricultural

Coniferous Trees

Deciduous Trees

Mixed Trees

Water

Marsh

Swamp

LEGEND

SCALE

100 250m

N

0



74

Figure D.4: Digitized land 
covers at hotspot 4

Figure D.5: Digitized land covers at hotspot 5
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Figure D.6: Digitized land 
covers at hotspot 6

Figure D.7: Digitized land covers at hotspot 7
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Figure D.8: Digitized land 
covers at hotspot 8

Figure D.9: Digitized land 
covers at hotspot 9
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Figure D.10: Digitized land covers at hotspot 10
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Figure D.12: Digitized land 
covers at hotspot 12

Figure D.13: Digitized land 
covers at hotspot 13

Figure D.11: Digitized land 
covers at hotspot 11
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Figure D.14: Digitized land 
covers at hotspot 14

Figure D.16: Digitized land 
covers at hotspot 16

Figure D.15: Digitized land 
covers at hotspot 15


	Abstract
	Acknowledgements
	List of Tables
	List of Figures
	Chapter 1: Introduction
	1.1 Turtle Road Trauma 
	1.2 Research Question
	1.3 Thesis Overview

	Chapter 2: Literature Review
	2.1 Biodiversity in Southern Ontario
	2.1.1 Turtles and Roads
	2.1.1.1 Habitat Loss
	2.1.1.2 Habitat Degradation
	2.1.1.3 Habitat Fragmentation
	2.1.1.4 Vehicular Trauma 

	2.1.2 Turtle Habitats
	2.1.3 Seasonal Turtle Migrations 

	2.2 Road Mitigation Strategies
	2.2.1 Wildlife Crossing Structures
	2.2.2 Influencing Driver Behaviour
	2.2.3 Evaluating Turtle Road Mitigation 

	2.3 Turtle Road Trauma
	2.3.1 Spatial Patterns
	2.3.1.1 Past Research
	2.3.1.2 Common Variables 
	2.3.1.3 General Conclusions and Limitations

	2.3.2 Temporal Patterns of Turtle Road Trauma 
	2.3.2.1 Past Research
	2.3.2.2 Common Variables 
	2.3.2.3 General Conclusions and Limitations


	2.4 Gaps in the Research

	Chapter 3: Methods
	3.1 Databases
	3.1.1 Turtle Trauma 
	3.1.2 Land Cover
	3.1.3 Traffic Volume and Road Attributes

	3.2 Data Analysis
	3.2.1 Locating Hotspots
	3.2.2 Classifying Landscape Variables
	3.2.3 Testing for Significance


	Chapter 4: Results and Analysis
	4.1 Turtle Phenology and Biology
	4.1.1 Season
	4.1.2 Species
	4.1.3 Sex
	4.2.1 Land Cover
	4.2.2 Road Attributes

	4.3 Analysis
	4.3.1 Season
	4.3.2 Species
	4.3.3 Sex
	4.3.4 Land Cover
	4.3.5 Road Attributes


	Chapter 5: Discussion 
	5.1 Comparison of Results
	5.1.1 Fauna Road Trauma
	5.1.2 Reptile and Amphibian Road Trauma
	5.1.3 Turtle Road Trauma


	Chapter 6: Conclusion
	6.1 Research Results
	6.2 Implications for Turtle Road Trauma 
	6.3 Implications for Landscape Architecture
	6.4 Future Research

	References
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Table 2.1: Species of turtle native to Ontario and their current COSEWIC (Committee on the Status of Endangered Wildlife in Canada) and SARA (Species at Risk Act) conservation status (Ontario Nature, 2015; Species at Risk Public Registry, 2016)
	Table 2.2: Spring/summer, nesting and winter habitats of adult Blanding’s, painted and snapping turtles in Ontario (Graves & Anderson, 1987; MNRF, 2013; MNRF, 2016; Ontario Nature, 2015; Species at Risk Public Registry, 2016)
	Table 2.3: Mean, median and maximum distances (in metres) of turtle nests from water for three species of turtles (Blanding’s, painted and snapping) in Ontario, where n=sample size (adapted from Steen et al., 2012)
	Table 2.4: Details on the over-land migrations of adult Blanding’s, painted and snapping turtles in Ontario, including migration type, date and a comparative level of movement (based on populations of Ontario’s turtles; MNRF, 2016; Ontario Nature, 2015; S
	Table 2.5: Summary of North American distances (in metres) between turtle nest and nearest wetland (presented by genera and sorted into three percentiles: 50%, 75%, 95% (adapted from Steen et al., 2012))
	Table 2.6: Land cover classifications used in five studies that were analyzing possible factors affecting the spatial clustering of turtle road trauma
	Table 2.7: Limitations of turtle road trauma studies - either directly identified within the study or determined externally (X+ identifies studies that included multiple turtle species in their research, but did not analyze for species as an independent v
	Table 3.1: Number of turtles (by species) admitted to the OTCC from 2011 to 2016 (not including hatchlings).  ‘Other’ consists of 12 additional species
	Table 3.2: Summary of OTCC intake records for turtles admitted for car trauma from 2011 to 2016
	Table 3.3: A description of the 12 land cover types created for hotspot analysis
	Table 3.4: A breakdown of the 16 hotspots identified from the 500m kernel density analysis (by species, sex and month)
	Table 3.5: Reclassification of the original 12 land covers by hydrological surface type (wet/dry land cover)
	Table 3.6: Reclassification of the original 12 land covers by human impact (disturbed/undisturbed land cover)
	Table 3.7: Reclassification of the original 12 land covers by vegetation type (herbaceous/woody).  Land covers that did not consist of vegetation (impermeable, permeable, built and water) were given a null value
	Table 5.1: A comparison of previously established hotspot predictors with results from this project, organized by landscape feature (hydrology, vegetation, human impact), road attribute (road density, traffic volume and speed limit), biological factor (sp
	Appendix A: Summary of studies on the spatial patterns associated with turtle road trauma (* refers to variables that were briefly discussed, but not included in the analysis)
	Appendix B: Summary of studies on the temporal patterns associated with turtle road trauma (* refers to variables that were briefly discussed, but not included in the analysis)
	Appendix C: List of traffic volume (AADT) at each trauma point, with source and year of traffic count. *Refers to traffic volume of road segment with nearest available AADT value
	Figure 2.1: Map of Ontario’s Mixedwood Plains Ecozone (Canada’s Ecozones, 2016)
	Figure 2.2: Illustration of change in roadkill hotspot density over time due to population depression (adapted from Teixeira et al., 2017)
	Figure 2.3: Illustration of A) crossing structure connecting wildlife habitat to larger regional corridor network, and B) crossing structure leading wildlife to an ecological ‘dead-end’
	Figure 3.1: Map of OTTC turtle road trauma cases from 2011 to 2016 for Blanding’s turtles (BLTU), painted turtles (PATU) and snapping turtles (SNTU) in Southern Ontario
	Figure 3.2: A) Illustration of a hotspot, consisting of multiple trauma points.  B) Buffers surrounding each trauma point within the identified hotspot
	Figure 3.3: Kernel density map of OTCC trauma data, centralized over Peterborough, Ontario (100 metre cell size, 1000 metre bandwidth size). Higher density of traumas = darker shade
	Figure 3.4: Kernel density map of OTCC trauma data, centralized over Peterborough, Ontario (100 metre cell size, 500 metre bandwidth size). Higher density of traumas = darker shade
	Figure 4.1: Trauma frequency divided into 25 weekly intervals.  Top) maximum nesting season: based on a liberal estimation of potential nesting dates (May 11th to July 5th).  Bottom) minimum nesting season: based on a conservative estimation of potential 
	Figure 4.2: Comparison of nesting and non-nesting turtle proportions during maximum and minimum nesting season
	Figure 4.3: Proportion of seasonal turtle trauma (based on species, sex, and species/sex) for maximum nesting range
	Figure 4.4: Proportion of seasonal turtle trauma (based on vegetation and hydrology type) for maximum nesting range
	Figure 4.5: Proportion of seasonal turtle trauma (based on sex and species/sex) for minimum nesting range
	Figure 4.6: Proportion of turtle species found at trauma hotspots (based on maximum nesting season and traffic volume) for painted and snapping turtles
	Figure 4.7: Proportion of turtle sexes found at trauma hotspots (based on maximum nesting season and minimum nesting season) for male and female turtles
	Figure 4.8: Proportion of wet/dry land cover within 250 metre radius buffer of each of the 103 trauma points
	Figure 4.9: Proportion of turtle trauma occurring in landscapes with wet, mesic and dry land cover (based on maximum nesting season)
	Figure 4.10: Proportion of disturbed/undisturbed land cover within 250 metre radius buffer of each trauma point
	Figure 4.11: Proportion of woody/herbaceous land cover within 250 metre radius buffer of each trauma point
	Figure 4.12: Proportion of turtle trauma occurring in landscapes with low, medium and high woody land cover (based on maximum nesting season)
	Figure 4.13: Density of road-related land covers (represented as a proportion) within 250m radius buffer of  each trauma point
	Figure 4.14: Frequency of trauma cases on roads with speed limits of 40, 60, 70, 80, and 100 km/h 
	Figure 4.15: Proportion of turtle trauma cases occurring on roads with low (1-10000 AADT), medium (10001-20000 AADT), and  high (20001-30000 AADT) traffic volume (based on species)
	Figure D.1: Digitized land covers at hotspot 1
	Figure D.2: Digitized land covers at hotspot 2
	Figure D.3: Digitized land covers at hotspot 3
	Figure D.4: Digitized land covers at hotspot 4
	Figure D.5: Digitized land covers at hotspot 5
	Figure D.6: Digitized land covers at hotspot 6
	Figure D.7: Digitized land covers at hotspot 7
	Figure D.8: Digitized land covers at hotspot 8
	Figure D.9: Digitized land covers at hotspot 9
	Figure D.10: Digitized land covers at hotspot 10
	Figure D.11: Digitized land covers at hotspot 11
	Figure D.12: Digitized land covers at hotspot 12
	Figure D.13: Digitized land covers at hotspot 13
	Figure D.14: Digitized land covers at hotspot 14
	Figure D.15: Digitized land covers at hotspot 15
	Figure D.16: Digitized land covers at hotspot 16

