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Abstract 

Road mortality threatens the long-term viability of some wildlife populations, particularly 

herpetofauna.  Wildlife road mortalities were recorded during regular bicycle-based surveys of 

the 1000 Islands Parkway in south eastern Ontario during 2010 and 2011. These data were 

grouped with similar data collected in 2008 and 2009 to determine when and where animals were 

killed along the Parkway to better inform mitigation options. Temporal and spatial clustering was 

significant for five taxonomic groups: snakes were found dead on the road primarily in 

September, turtles in June, frogs in July, and birds and mammals in June and July.  The majority 

of turtles found on the Parkway were adult females, which may have implications for long-term 

population demographics and persistence.  Regression tree analysis indicates day-of-year as the 

most important variable in explaining wildlife road mortality for all taxonomic groups, with 

higher road mortalities coinciding with higher minimum daily temperature.  Precipitation and 

traffic accounted for little variation in snake road mortality, and had no effect on turtle, frog, bird 

or mammal road kills.  Spatial clustering was found for all taxonomic groups with overlapping 

areas of significant clustering between years identified as hot spots. In addition, the potential for 

drainage culverts to reduce wildlife road mortality was tested with two experimental treatments in 

2010: (1) blocked culverts to prevent wildlife use, and (2) drift fence installation adjacent to 

culverts to encourage wildlife use. Wildlife road mortalities at these locations as well as control 

culverts were compared with 2008 wildlife road mortalities when there were no culvert 

treatments.  The number of road kills in the area of treatments was too low to measure changes 

for all taxa but frogs, which showed no significant changes in road kills for any culvert treatment. 

The results of the study are used to evaluate a list of potential options for mitigating wildlife road 

mortality along the Parkway, and a list of implementable actions is identified.  
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Chapter 1 

Introduction and Literature Review 

1.1 Background 

Roads fragment habitats, which decreases habitat quantity and quality, separates and isolates 

populations, and decreases wildlife populations directly through the facilitation of wildlife-vehicle 

collisions (Andrews, 1990; Forman and Alexander, 1998; Jochen et al., 2005).  Wildlife-vehicle 

collisions have been identified as a major threat to some wildlife populations, causing population declines 

and even extirpations (Langton, 1989; Romin and Bissonette, 1996; Trombulak and Frissell, 2000; Gibbs 

and Shriver, 2002).  Wildlife-vehicle collisions may be the single greatest source of direct anthropogenic 

wildlife mortality (Andrews et al., 2008).  The loss of individuals to road mortality may extend beyond 

one species or taxa and affect ecosystem dynamics (Langley et al., 1989).  Wildlife-vehicle collisions are 

a threat to motorists as well as wildlife, as drivers swerve to avoid animals on the road (Langen et al., 

2007).   

As the human population grows and urban areas expand, landscapes will continue to be 

fragmented by roads, and the detrimental impacts of roads on wildlife will increase (Fenech et al., 2001). 

Quantifying the characteristics of road mortality and mitigating the negative consequences thereof are 

important goals in conservation biology (Mader, 1984; Rosen and Lowe, 1994; Yanes et al., 1995; 

Forman and Alexander, 1998; Trombulak and Frissell, 2000; Forman et al., 2003).   

My study examined wildlife road mortality on the 1000 Islands Parkway in south eastern Ontario, 

Canada, to test for temporal and spatial clusters of wildlife mortalities, and to test the effectiveness of 

drainage culverts as a mitigation tool on the 1000 Islands Parkway.  I place particular emphasis on  

reptiles found dead on the road, as they are taxa particularly affected by, and susceptible to, road 

mortality.  The following chapter describes wildlife characteristics that increase an animal’s risk of road 
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mortality, temporal patterns of wildlife road mortality in other studies, and the need to reduce wildlife 

road mortality. 

1.2 Behavioural Characteristics Affecting Wildlife Road Mortality 

Animals that disperse long distances or travel overland frequently are at increased risk of 

wildlife-vehicle collision (WVC) as they encounter roads more frequently.  Slow moving animals of 

limited agility are more susceptible to road mortality, as they spend more time when crossing a road and 

are less able to avoid being struck by a vehicle (Ashley and Robinson, 1996; Bonnet et al., 1999; Rosen 

and Lowe, 1994; Hels and Buchwald, 2001).  Herpetofauna (amphibians and reptiles) experience higher 

levels of road mortality than other taxa (Ashley and Robinson, 1996; Smith and Dodd, 2003; Glista et al., 

2009).  They are slow-moving and ectothermic, and thus may be attracted to road surfaces for 

thermoregulation, increasing the time they spend on roads and therein increasing their risk of being killed 

by traffic compared with mammals or birds (Dodd et al., 1989; Rosen and Lowe, 1994).  Frog wildlife-

vehicle collisions may be pronounced because they stop periodically on the road as they cross and freeze 

in response to oncoming traffic, increasing both the time spent on the road surface and the likelihood of 

being struck by a vehicle (Mazerolle et al., 2004; Andrews et al., 2005).   

Reptiles are long-lived animals, with delayed sexual maturity, low reproductive rates and low 

adult mortality (Wilbur and Morin, 1988; Pough et al., 1998; Congdon et al., 1993, 1994) making their 

populations more vulnerable to demographic consequences of road mortality (Congdon et al., 1993; 

Forman et al., 2003).  The population effects of additive mortality due to road mortality may not be 

evident for decades (Patla and Peterson, 1999; Findlay and Bourdages, 2000; Andrews and Jochimsen, 

2007).   

An animal’s risk of road mortality may depend on life history characteristics such as sex and 

reproductive stage (Marchand and Litvaitis, 2004; Steen et al., 2006).  Female turtles seeking nesting sites 

spend more time travelling overland than male turtles, putting them at higher risk of road mortality due to 

increased probability of road crossing (Congdon et al., 1987; Ashley and Robinson, 1996; Aresco, 2004; 
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Marchand and Litvaitis, 2004; Steen et al., 2006).   Gravel roadsides attract female turtles seeking nesting 

sites (Aresco, 2005b; Steen et al., 2006), exposing them to greater risk of road mortality and increasing 

the likelihood of nest damage (Steen et al., 2006; Gibbs and Steen, 2005; Gibbs and Shriver, 2002).  

Further, nests laid near roads have a higher rate of hatchling mortalities as they cross the road or are 

drawn to its warm surface for thermoregulation (Ashley and Robinson, 1996; Forman et al., 2003).  Male-

biased sex ratios have been recorded for turtle populations, likely due to the increased movement female 

turtles undergo during nesting season (Marchand and Litvaitis, 2004; Steen and Gibbs, 2004; Aresco, 

2005b).  The higher proportion of males in turtle demography is of particular concern because females are 

more important than males for maintaining genetic diversity (Caswell, 2001; Aresco, 2005b).   

1.3 External Environmental Effects on Road Mortality 

Anthropogenic factors such as traffic (Fahrig et al., 1995; Mazerolle, 2004) and environmental 

factors such as temperature and precipitation (Gregory et al., 1987; Peterson et al., 1993; Forman et al., 

2003; Shepard et al., 2008) affect wildlife road mortality.  Environmental conditions influence ectotherms 

more than other wildlife (Lillywhite, 1987; Peterson et al., 1993), and my therefore be useful in predicting 

frog, snake and turtle road mortality.  Wildlife road mortality occurs unevenly through the year, with 

increased road kills occurring during migratory periods such as emergence from hibernation, breeding 

migration, and wintering (Langton, 1989; Smith and Dodd, 2003).  Identifying and understanding the 

patterns influencing wildlife road mortality can help in the development of effective management 

strategies (Shephard et al., 2008).  

Peaks in turtle road mortality have been found at times of hatchling dispersal and migration of 

nesting females (e.g., Ashley and Robinson, 1996; Gibson and Merkle, 2004; Andrews et al., 2008). 

Turtle road mortality was highest in May and June in Illinois (Shepard et al., 2008), and in June and July 

in Maine (Beaudry et al., 2010).  Shepard et al. (2008) found turtle road mortality was more likely to 

occur following 24 hours of precipitation and a higher minimum daily temperature.  No published studies 

have reported the relative proportions of adult and juvenile turtle road mortalities.  
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Snake road mortality shows temporal, spatial, and demographic patterns (Bonnet et al., 1999; 

Enge and Wood, 2002; Andrews and Gibbons, 2005; Beaudry et al., 2010). Higher snake road kills were 

found in April and October in Illinois (Shepard et al., 2008), in September in Idaho (Jochimsen, 2006), 

and in August in North Carolina (DeGregorio et al., 2010).   Increased snake road mortalities in spring 

and fall may be explained by snake emergence from hibernation and return to hibernacula (Gibson and 

Merkle, 2004; Shepard et al., 2008).  Juveniles have been found to comprise a greater proportion of road 

kills than adult snakes (e.g. Ciesiolkiewicz et al., 2006; DeGregorio et al., 2010), particularly during the 

autumn dispersal period (Enge and Wood, 2002; Jochimsen, 2006; Shepard et al., 2008).  Dodd et al. 

(1989) found no relationship between traffic volume, daily rainfall, temperature, and reptile road 

mortality.  Similarly, Enge and Wood (2002) found no correlation between snake road mortality and 

traffic volume. However, Shepard et al. (2008) found snake road mortality increased with minimum daily 

temperature while Ciesiolkiewicz et al. (2006) found limited snake movement under cooler maximum 

daily temperatures.   

Higher rates of amphibian road mortality have been found with rainfall and warm weather, which 

may trigger mass movements of amphibians (Turner, 1955; Clevenger et al., 2001c; Ervin et al., 2001; 

Andrews and Jochimsen, 2007).  Clevenger et al. (2003) found frog road mortality was episodic and 

related to increased precipitation.  Frog mortality peaked in July with a smaller peak in the fall in New 

York (Langen et al., 2007).  

Road characteristics affect wildlife road mortality, with roads near wetlands often having the 

highest rates of amphibian and reptile road mortality (Dodd et al., 1989; Fahrig et al., 1995; Ashley and 

Robinson, 1996; Forman and Alexander, 1998; Andrews and Jochimsen, 2007).  Langen et al. (2007) 

found that hot spots for amphibian and reptile road mortality overlapped, most often occurring where 

wetlands or open water were present on both sides of the road.  Road width, traffic volume and speed also 

affect wildlife road mortality rates (Fahrig et al., 1995; Forman and Alexander, 1998; Hels and Buchwald, 

2001; Mazerolle, 2004).    
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1.4 Implications of Road Mortality and Need for Mitigation 

Traffic may fragment habitats and isolate local wildlife populations (Andrews 1990; Vos and 

Chardon, 1998).  Isolated populations have reduced genetic fitness and diversity (Sjörgren-Gulve, 1994; 

Sacccheri et al., 1998; Lesbarrères et al., 2003).  Smaller population sizes and decreased genetic diversity 

increase a population’s risk of extirpation through stochastic events such as disease (Bennett, 1991).    

Reptile and amphibian populations are declining worldwide (Gibbons et al., 2000).  Small local 

populations, such as those of species at risk, are more likely to be impacted by road mortality (Jaarsma et 

al., 2006).  Road mortality has been identified as a leading threat to many species of herpetofauna in 

Canada (COSEWIC, 2005), and road mortality has been attributed to decreasing snake populations in 

some areas (Rudolph et al., 1999; Kjoss and Litvaitis, 2001).   

Relatively small losses of individuals to road mortality may cause population-level effects.  An 

increase of less than 3% annual mortality of mature female snapping turtles is predicted to cause 

population declines (Gibbs and Steen, 2005).  The loss of adult female turtles also reduces recruitment 

rates in freshwater turtles (Congdon et al., 1993; Steen et al., 2006).  Congdon et al. (1994) estimated that 

an increase in adult snapping turtle (Chelydra serpentina) annual mortality of 10% would halve the 

number of adult turtles in a population in less than 20 years, given their cohort generation time of 25 

years. Similarly, Blanding’s turtles (Emydoidea blandingii) adult survivorship must remain above 93% 

for a minimum of 40 years for one generation to succeed, given a 37 year generation time (Congdon et 

al., 1993).   Though hatchling and juvenile turtle mortality is naturally high (COSEWIC, 2008), additive 

mortality due to road effects will have demographic consequences if too few individuals survive to 

adulthood (Kingsbury and Attum, 2009; Shine and Bonnet, 2009). 

1.5 Wildlife Road Mortality Mitigation Options 

Mitigation of wildlife road mortality is necessary to maintain biodiversity and ecological 

integrity.  Identifying the most effective mitigation techniques to reduce wildlife road mortality is not 

straightforward or clearly understood.  Road mortality mitigation techniques are not often rigorously 
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studied, so effective mitigation techniques are unknown (Evink, 2002; Forman et al., 2003).  Testing and 

monitoring the effects of various road mortality mitigation programs is therefore necessary (Glista et al., 

2009). Site specific research for mitigation effectiveness will improve the probability of success by 

tailoring management response to local conditions (Wittingham et al., 2007).  

Addressing wildlife road mortality in the road planning stage by constructing roads in locations 

that minimize habitat fragmentation or with integrated mitigation measures will have the greatest chance 

of success at minimizing impacts of road mortality on wildlife populations (Garbutt, 2009; Glista et al., 

2009).  Planning mitigation measures into road construction plans may also prove economical in the long-

term compared with the need to retrofit roads with crossing structures (Forman et al., 2003).    

When habitat fragmentation cannot be avoided in road construction, or the road has already been 

constructed, measures to reduce wildlife road mortality fall into one of two general categories: altering 

driver behaviour and altering wildlife behaviour (Garbutt, 2009).  Driver behaviour is altered through 

reduced speed limits, traffic calming measures, awareness campaigns, and wildlife crossing signs.  

Wildlife behaviour is generally altered through the installation of wildlife crossing structures or exclusion 

fencing to stop wildlife from entering roadways (Romin and Bissonette, 1996; Forman et al., 2003).   

The decision to install mitigation measures is not one taken lightly by most decision makers given 

the high cost associated with mitigation projects (Trombulak and Frissell, 2000).  Structural mitigation 

measures, such as underpasses and overpasses, have higher success at reducing WVCs than non-structural 

measures, but they are generally more expensive and less often used (Romin and Bissonette, 1996; Glista 

et al., 2009).  Human attitudes and economics also play a role in selecting a road mortality mitigation 

plan, which may not coincide with the most effective measure on the ground (Glista et al., 2009). 

1.5.1 Altering Driver Behaviour 

Reducing driver speed has been shown to reduce wildlife road mortality.  Jaarsma et al. (2006) 

used a model to estimate road mortality impacts with varying traffic speeds.  They estimated a reduced 

speed limit from 80 km/h to 60 km/h would reduce road kills of small and medium sized mammals by 
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about one third.  Flashing lights used with deer decoys reduced driver speeds an average of 6.5 km/h 

during daylight hours and 20 km/h at night. Warning lights without deer decoys reduced night travel by 

an average of 6.9 km/h in the same study (Gordon et al., 2004).  Slower traffic zones in Jasper National 

Park to 70 km/h reduced elk, deer and moose road mortality but had no effect for bighorn sheep (Ovis 

canadensis) (Bertwistle, 2001).   Meyer (2006) compared deer road mortality rates before and after the 

installation of deer warning signs, and found no change in deer-vehicle collisions.  Sullivan et al. (2004) 

installed temporary deer crossing signs with reflective flags and flashing amber lights during the peak 

migratory period and found driver speeds were reduced by 50% in the first year following installation.  

However, driver response was less significant in the second year of testing. Other studies have also 

suggested that signs lose efficacy over time due to driver habituation (e.g. Shepard et al., 2008).   

Physical techniques that slow traffic, such as rumble strips or speed bumps, are more effective 

than posted speed limit signs or wildlife crossing signs (Pafko and Kovak, 1996; Carr et al., 2002).  Speed 

bumps were found to reduce road mortality of birds in Australia (Huijser et al. 2007), and rumble strips in 

Florida have been used to reduce road mortality of panthers (Puma concolor coryi) (Foster and 

Humphrey, 1995). Structural traffic calming measures should be used with caution on high speed roads 

for practical and safety reasons; driver frustration and public support should also be considered (Huijser et 

al., 2007).   

Mitigation measures alerting drivers to the presence of wildlife or forcing reduced speeds may 

result in higher wildlife road mortalities if drivers intentionally hit animals (Shepard et al., 2008). Snakes 

may experience higher mortality than other taxa due to drivers intentionally hitting them on roads 

(Langley et al., 1989).  Ashley et al. (2007) found that 2.7% of drivers on the Long Point Causeway, 

Ontario, intentionally hit reptiles.  These studies show the need to prevent wildlife from entering roads, 

and that mitigation measures aimed at increasing driver awareness or slowing drivers may not be effective 

if driver attitudes and values do not align with conservationists (Ashley et al., 2007).   
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1.5.2 Altering Wildlife Behaviour 

1.5.2.1 Fencing and Crossing Structures 

Exclusion fences, though effective at reducing wildlife-vehicle collisions, amplify some of the 

negative effects associated with roads by acting as a complete barrier to wildlife movement (Jackson and 

Griffin 1998; Jaegar and Fahrig, 2004).  Exclusion fencing may limit survival of small populations, 

particularly if the road separates necessary habitat for different life phases (Carr et al., 2002).  Therefore, 

installing exclusion fencing with crossing structures is preferable (Romin and Bissonette, 1996). Road 

crossing structures, i.e. overpasses or underpasses, provide safe passage for animals, promote habitat 

connectivity, and make roads more permeable (Carr et al., 2002; Glista et al., 2009).  The use of fencing 

in conjunction with under or overpasses increases the use of crossing structures (Clevenger et al., 2001b; 

Dodd et al., 2004; Aresco, 2005a), particularly for animals that typically avoid crossing structures (Glista 

et al., 2009).  Indeed, the installation of barrier fencing to funnel wildlife toward crossing structures is 

considered integral to the success of most crossing structures (Jackson and Griffin, 1998).  However, 

barrier fencing may increase wildlife road mortality at fence ends (Reed et al. 1979; Ward 1982; Foster 

and Humphrey 1995; Romin and Bissonette 1996; Clevenger et al., 2001b).  Fencing must extend beyond 

the crossing structures far enough to guide wildlife (Glista et al., 2009).  Few studies examine or discuss 

the type of fencing or length associated with successful mitigation of wildlife road mortality.  

1.5.2.2 Wildlife Overpasses 

Wildlife overpasses are generally only installed for large mammals, due to the prohibitively high 

cost associated with construction and maintenance, and the lack of other options for large mammals 

(Glista et al., 2009).  Overpasses are commonly used in Europe but are a relatively recent mitigation 

development in North America (Evink, 2002).  A variety of mammal species used overpasses in Spain 

(Mata et al., 2005), though snake and anuran species tended to avoid overpasses (Mata et al., 2003).  

Overpasses installed in Banff, Alberta were frequently used by ungulates, with elk and deer crossings 

three to 12 times higher for overpasses than underpasses, respectively.  Top predators such as wolves and 
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bears also used the Banff overpasses (Evink, 2002).  Overpasses may be used more frequently by some 

wildlife because they are quieter and more open than underpasses, with ambient light and weather 

conditions, often maintaining natural substrate and vegetation (Jackson and Griffin, 1998).   

1.5.2.3 Wildlife Underpasses 

Underpasses constructed in conjunction with wildlife barrier fencing are generally effective at 

reducing wildlife road mortality (Foster and Humphrey, 1995; Yanes et al., 1995; Clevenger et al., 2001a; 

Ng et al., 2004) but may not be economically or logistically feasible in all locations (Gordon et al., 2004).  

Existing drainage culverts have been used or altered to be suitable crossing structures.  More commonly, 

ecopassages designed for the purpose of wildlife crossing are used.  Installation of a retaining wall and 

underpasses reduced wildlife road mortality in the Paynes Prairie State Preserve in Florida by 93.5% 

(Dodd et al., 2004). 

A variety of wildlife have been found to use culverts as crossing structures, including ungulates, 

mice, shrews, foxes, rabbits, armadillos, river otters, opossums, raccoons, ground squirrels, skunks, 

coyotes, bobcats, mountain lions, black bear, great blue heron, long-tailed weasel, amphibians, lizards, 

frogs, and snakes (Yanes et al., 1995; Rodriguez et al., 1996; Clevenger and Waltho, 2000; Dodd et al., 

2004; Ng et al., 2004).  Small- and medium-sized mammals, amphibians and reptiles, were found to use 

road underpasses under 1.2 m in height in Spain (Yanes et al., 1995).  A study of culvert use by 

vertebrates in southern Portugal found frequent culvert use by a variety of species, though over 80% of 

taxa recorded using culverts were mammals (Ascensao and Mira, 2007).  Clevenger et al. (2001a) found 

medium-sized mammals used drainage culverts under the Trans Canada Highway in Alberta regularly, 

with an average of 2.8 species/year using each culvert.  Aresco (2005b) monitored road mortality on a 

busy highway in Florida before and after the installation of a wildlife fence around an existing 3.5 m wide 

culvert.  He found the temporary drift fence significantly reduced turtle road mortality.  Barichivich and 

Dodd (2002) also reported wildlife road mortality decrease after the construction of a barrier wall with 

underpasses on Highway 441 in Florida.  Rodriguez et al. (1996) studied wildlife use of existing passages 
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along a railway in Spain and found lizards, snakes, and mammals made use of passages, but no 

amphibians or turtles were found in the study.  In the same study, the authors found fencing did not 

significantly change the use of crossing structures by wildlife (Rodriguez et al., 1996).    

Culverts have been used as crossing structures by medium to large mammals in Alberta 

(Clevenger, 1998; Clevenger et al., 2001a), Spain (Rodriguez et al., 1996), Vermont (Austin and Garland, 

2001), and Florida (Foster and Humphrey, 1995) but recorded use by herpetofauna is inconsistent.  The 

majority of animal road mortality research and mitigation has focused on large mammals, though 

populations of reptiles and amphibians are more likely to be adversely affected by vehicle collisions 

(Gibbs and Shriver, 2002; Forman et al., 2003; Coffin, 2007).  There are few studies about the effective 

mitigation of herpetofauna road mortality (Jackson, 2003; Dodd et al., 2004; Aresco, 2005a; Coffin, 

2007). In particular, though snake road mortality has been fairly well documented, little has been 

published on mitigation measures for snakes. 

1.5.2.4 Underpass Design Features 

Different culvert attributes make them appealing as crossing structures to different species 

(Clevenger and Waltho, 1999; Clevenger et al., 2001a).  Culvert temperature (Langton, 1989), moisture 

(Jackson, 1996), light (Jackson and Tyning, 1989), and substrate (Lesbarrères et al., 2004) should be 

consistent with ambient conditions to increase culvert use, particularly for ectotherms. Vegetation cover 

increases the use of a crossing structure, possibly because it provides cover for smaller prey species, or 

because vegetation maintains connectivity with surrounding habitat (Rodriguez et al., 1996; Clevenger 

and Waltho, 2000). The size and shape of a crossing structure is important for animal use (Cain et al., 

2003; Woltz et al., 2008), though openness, defined as width x height / length, may be more important 

than simply height or width for some species (Foster and Humphrey, 1995; Rodriguez et al., 1996; 

Clevenger and Waltho, 2005).  Providing a variety of underpass sizes within one road mortality 

mitigation target area can accommodate more species (Carr et al., 2002).   
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Drainage culverts are found under roadways everywhere in southern Ontario, yet their 

effectiveness as wildlife passages has seldom been tested and is not well understood (Clevenger et al., 

2001a; Dodd et al., 2004).  Their utility as crossing structures may be limited by features that are difficult 

or impossible to alter.  For example, existing drainage culverts may not be in locations where crossing 

structures are most needed, and location has been found to be the most important factor in predicting 

wildlife use (Podloucky, 1989; Foster and Humphrey, 1995; Yanes et al., 1995; Rodriguez et al., 1996; 

Clevenger and Waltho, 2000).  Location is particularly important for animals that are less vagile and are 

restricted to specific habitat types, such as reptiles and amphibians (Jackson and Griffin, 1998).  For 

turtles in particular, mitigation measures should be put in places where turtles are known to cross roads, 

as they have been shown follow the same migratory movement routes used in previous years (Emlen, 

1969; Browne and White, 2004).  

1.6 Research Questions 

The overall goals of this study were three-fold: 1) to seasonally analyse and explain temporal 

variability in wildlife road mortality; 2) to examine the use of drainage culverts by wildlife and to 

determine the effectiveness of barrier fencing with drainage culverts at reducing wildlife road mortality; 

and 3) to provide recommendations for reducing wildlife road mortality on the 1000 Islands Parkway.  

The objectives were to determine the location, timing and magnitude of road mortality for five taxonomic 

groups on the 1000 Islands Parkway, to explain temporal peaks of road mortality in terms of traffic and 

weather, and to examine the efficacy of barrier fencing with drainage culverts at reducing wildlife road 

mortality.  Five specific research questions were identified:  

1) When are snakes, turtles, frogs, birds and mammals killed on the 1000 Islands Parkway?   

2) Can weather, traffic, and seasonal factors explain wildlife road mortality?   

3) To what extent do wildlife use existing drainage culverts as passages? 

4) Do fences adjacent to drainage culverts reduce wildlife road mortality?   

5) Where are wildlife road mortality hot spots on the 1000 Islands Parkway? 
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Research questions 1 and 2 are addressed in Chapter Two of the thesis, and questions 3, 4 and 5 

are addressed in Chapter Three.  Specific recommendations to reduce wildlife road mortality on the 1000 

Islands Parkway and future research questions are given in Chapter Four. 

1.7 Study Area   

The 1000 Islands Parkway in south eastern Ontario runs east-west along the north shore of the St. 

Lawrence River between the Town of Gananoque and the City of Brockville. The road location requires 

road crossing for all fauna that have terrestrial and aquatic habitat requirements.  Four turtle crossing 

signs were installed on the Parkway in 2005 to alert motorists to be aware of turtle road crossing from 

May to September (Bellemore, pers. comm., 2011).  The Parkway is a 37 km long, paved, two-lane 

highway with a posted speed limit of 80 km/hour.  The road is approximately 10 m wide with 2 m gravel 

shoulders.  There is little curvature and little change in elevation, with relatively consistent land cover 

comprised of water and wetland south of the road and forest on the north.   Roadsides are mainly grassy 

with adjacent land types of wetlands, private residences and national park property, with roughly even 

distribution of residences along its length.  Traffic volume from June to October varies between 

approximately 1500 to 4000 vehicles per day, with the western half of the parkway experiencing nearly 

twice the volume as the eastern half (Eberhardt, 2009).    

The Parkway is located within the Frontenac Arch, an area of high biodiversity where Boreal and 

Carolinian species co-exist (UNESCO, 2010).  It also lies within the Algonquin-to-Adirondack 

conservation corridor, linking Algonquin Provincial Park in Canada to Adirondack Park in the United 

States, an area of critical conservation importance at regional and continental scales (Keddy, 1995). 

Maintaining healthy wildlife populations is important for maintaining biodiversity and connectivity in the 

A2A corridor. There are 15 reptile species in the study area, eight of which are federally designated 

species at risk.  The Committee on the Status of Endangered Wildlife in Canada cites road kill as a threat 

for five species at risk reptiles found in the Frontenac Arch: Blanding’s turtles (Emydoidea blandingii), 

snapping turtles (Chelydra serpentina), gray ratsnakes (Pantherophis spiloides), northern ribbonsnakes 
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(Thamnophis sauritus), and eastern milk snakes (Lampropeltis triangulum triangulum) (COSEWIC, 

2002a; 2002b; 2005; 2007; 2008). Protecting turtle species in the area is a priority for the ecological 

integrity of St. Lawrence Islands National Park.  As tourism and the cottage industry continue to develop 

(OMTC, 2008), the threat of wildlife road morality will also increase.  Mitigating road mortality for 

reptiles is therefore a key priority in protecting biodiversity.   

My research on wildlife road mortality research was conducted in partnership with St. Lawrence 

Islands National Park and built on studies that began on the Parkway in 2008 with Carleton University.   

The first year of research identified and explained road mortality hot spots with respect to landscape 

features (Eberhardt, 2009) and continued in 2009 to evaluate amphibian use of culverts as wildlife 

passages (Cunnington, pers. comm., 2010).  My research examines temporal variation of wildlife road 

mortality and explains road mortality causality related to temperature, precipitation, traffic and season; 

assesses demographic effects of road mortality on turtle populations; and tests the effectiveness of fencing 

with drainage culverts at reducing herpetofauna mortality on the 1000 Islands Parkway. Identifying when, 

where, and which species are being killed on the road will provide the basic information necessary to 

decrease the threat of road mortality on the 1000 Islands Parkway through appropriate and effective 

management strategies.   

1.8 Significance of Research 

Understanding when and where road mortality occurs is necessary for implementing successful 

mitigation measures.  Mitigating wildlife road mortality will help conserve at risk wildlife species, 

maintain biodiversity and improve ecological integrity.  This study identifies key areas to concentrate 

management efforts to decrease wildlife road mortality on the 1000 Islands Parkway.   

No previous studies have examined the road kill distribution of adult and juvenile turtles, though 

it is a common feature of snake road mortality studies (e.g. Jochimsen, 2006; Shepard et al., 2008).  The 

lack of data on adult versus juvenile turtle road mortality may be due to the relatively low number of 

immature turtles found in other studies where driving was the survey transportation method, as small 
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turtles are difficult to see from cars (Smith and Dodd, 2003; Langen et al., 2007).  Differences in peak 

times of mortality for adult and juvenile turtles can inform more effective management strategies and is 

important in providing a clearer understanding of the effects of road mortality on populations. 

The existing drainage culverts under the Parkway may or may not be suitable crossing structures 

for frogs, turtles and snakes.  My study is designed to test their use by wildlife. While temporal and 

spatial characteristics of amphibian and reptile road mortality are fairly well understood, studies have not 

been conducted on this road or on the Frontenac Arch to provide information necessary in this critical 

area for conservation.   
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Chapter 2 

Temporal Patterns of Wildlife Road Mortality on the 1000 Islands Parkway: 

Implications for Mitigation and Management 

2.1 Introduction 

Wildlife road mortality may threaten the long-term viability of animal populations.  Road 

mortality has been credited as a significant cause of biodiversity loss for many vertebrate species 

(Trombulak and Frissell, 2000; Coffin, 2007), particularly herpetofauna (amphibians and reptiles) (Ashley 

and Robinson, 1996). Reducing road mortality for amphibians and reptiles is therefore a key priority in 

conserving biodiversity.  Identifying the characteristics of, and the factors influencing, wildlife road 

mortality is necessary for effective mitigation and management strategies (Andrews et al., 2008; Shepard 

et al., 2008).   

Wildlife road mortality may follow predictable patterns, such as consistent annual peak times 

(Beaudry et al., 2010).  Seasonal patterns may be explained by animal life history characteristics such as 

sex and reproductive stage or by environmental factors such as temperature and precipitation (Gregory et 

al., 1987; Peterson et al., 1993; Forman et al., 2003; Shepard et al., 2008).  Research on seasonal peak 

times of road mortality for wildlife has been undertaken in various parts of North America.  Turtle road 

mortality was found to be highest during migration of nesting females, which happens in June in north 

eastern North America (Ashley and Robinson, 1996; Gibson and Merkle, 2004; Shepard et al., 2008).  

Female freshwater turtles are likely to cross roads while searching for appropriate nesting sites, a 

migration that may take them up to 2 km overland (Congdon et al., 1993; Pettit et al. 1995; Marchand and 

Litvaitis, 2004; Steen and Gibbs, 2004).  Many amphibians migrate in large groups at a specific time of 

year (Semlitsch, 2002), or in response to a climatic trigger of rainfall and warm weather (Clevenger et al., 

2001c; Andrews and Jochimsen, 2007).  Turtle road mortality has also been positively associated with 

precipitation, and both turtle and snake road mortality have been positively associated with minimum 
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daily temperature (Shepard et al., 2008).  Predicting temporal clusters of road mortality can be based on 

past occurrence patterns, and/or external predictive factors such as precipitation, temperature, and traffic 

(Beaudry et al., 2010). 

2.2 Research Questions 

The purpose of this study was to estimate road mortality of herpetofauna and other wildlife on the 

1000 Islands Parkway in south eastern Ontario and to identify temporal and climate patterns of road 

mortality.  No previous studies have estimated the annual loss of individuals from at-risk taxa in the study 

area.  I hypothesized that variability in herpetofauna road mortality will relate to annual cycles and to 

precipitation and temperature. Specific research questions for this study were: 1) How many snakes, 

turtles, frogs, birds and mammals are killed on the 1000 Islands Parkway annually?  2) When are they 

killed?  3) To what extent does time of year, temperature, traffic and precipitation affect wildlife road 

mortalities? 

2.3 Study Area 

The 1000 Islands Parkway is located on the Frontenac Arch, an area of high biodiversity in south 

eastern Ontario, Canada (UNESCO, 2010).  The Frontenac Arch was designated a world Biosphere 

Reserve in 2002 due in part to its high biodiversity, where both Boreal and Carolinian species co-exist 

(UNESCO, 2010).  The 37 km Parkway runs from the Town of Gananoque to the City of Brockville 

along the southern border of the Frontenac Arch Biosphere Reserve, north of, and immediately adjacent 

to, the St. Lawrence River (Figure 2-1).  The region is part of the Algonquin-to-Adirondack conservation 

corridor, a network of ecological communities linking Algonquin Provincial Park in Canada to 

Adirondack State Park in the United States and is of critical conservation importance at regional and 

continental scales (Keddy, 1995).  The Parkway runs parallel to the densest portion of the 1000 Islands in 

the St. Lawrence River and bisects the narrowest portion of the Algonquin-to-Adirondack conservation 

corridor (Eberhardt, 2009).  Maintenance of the A2A corridor will conserve or improve habitat 
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connectivity and biodiversity between Algonquin and Adirondack.  Mitigating wildlife road mortality 

effects on the 1000 Islands Parkway is important to achieving this goal. 

   

 

 

Figure 2-1. The 1000 Islands Parkway, shown above in red, is located in south eastern Ontario, 

north of the St. Lawrence River (main map) and within the Frontenac Axis, an area of high 

biodiversity connecting Algonquin Park and Adirondack Park (inset). 

 

The 1000 Islands Parkway runs east-west on the north shore of the St. Lawrence River in Canada, 

near the border with the United States.  It is a paved two-lane highway with a posted speed limit of 80 

km/hour.  The road is approximately 10 m wide with 2 m gravel shoulders.  Roadsides are mainly grassy 

with wetlands, private residences or national park properties, with a relatively even distribution of 

residences along the length of the Parkway.  The road has little curvature and little change in elevation, 

with relatively consistent land cover comprised of water and wetland on its south and forest on the north.  

Traffic volume varied between six road segments from 1838 to 3644 vehicles from June 11, 2008 to 
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October 11, 2008, with the western half of the parkway experiencing nearly twice the volume as the 

eastern half (Eberhardt, 2009).     

Road mortality had been identified as a major threat to local turtle species (Eberhardt, 2009).  

There are five turtle species in the area of the 1000 Islands Parkway, four of which are federal species at 

risk, and nine snake species, three of which are federal species at risk (COSEWIC, 2011) (Table 2-1 and 

Table 2-2).  Increasing tourism and seasonal residences may bring more vehicles to the region (OMTC, 

2008), thus increasing the amount of wildlife road mortality. 

2.4 Methods 

2.4.1 Data Collection 

In 2008 and 2009, road mortality surveys were conducted by bicycle by St. Lawrence Islands 

National Park staff.  I followed the same protocol in 2010 and 2011, collecting information for all taxa, 

with additional information recorded on the sex, size, and age of turtles.  The 1000 Islands Parkway was 

surveyed three to four times weekly from June 2 to September 30, 2010, and from May 3 to June 30, 

2011.  Cycling was used for surveys as it was not feasible to walk the 37 km survey route, and vehicle 

surveys have been shown to underestimate road kill, especially for small-bodied animals such as reptiles 

and amphibians (Smith and Dodd, 2003; Langen et al., 2007).  The road was cycled in a west to east 

direction on the south side of the road nearest the St. Lawrence River.  Surveys conducted in 2008 and 

2009 by St. Lawrence Islands National Park staff followed the north side of the road (from east to west).  

The Parkway was cycled 84 times from April 14 to October 16, 2008 and 46 times from July 3 to October 

8, 2009 (Eberhardt, 2009; Cunnington, 2010, pers. comm).  I surveyed the Parkway 56 times from June 2 

to September 30, 2010 and 23 times from May 3 to June 30, 2011.  Surveys were conducted no more than 

four days apart.   
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Table 2-1. Life history traits and at-risk designations of snake species found in the area of the 1000 Islands Parkway. 

Trait 
Diadophis 
punctatus 

Lampropeltis 
triangulum 
triangulum 

Nerodia 
sipedon 

Pantherophis 
spiloides 

Storeria 
dekayi 

Storeria 
occipitomaculata 
occipitomaculata 

Thamnophis 
sirtalis 
sirtalis 

Thamnophis 
sauritus 
septentrionalis 

  

Northern 
ring-
necked 
snake 

Eastern milk 
snake 

Northern 
water 
snake 

Gray rat 
snake 

Northern 
brown 
snake 

Northern red-
bellied snake 

Eastern 
garter 
snake 

Eastern 
ribbon snake 

Total adult 
length 

25-70 cm 61-132 cm 61-141 cm 100-265 cm 23-38 cm 20-40 cm 46-137 cm 46-87 cm 

Hatchling 
size 

9-14 cm 16-28 cm 19-27 cm 27-37 cm 7-12 cm 7-11 cm 12.5-23 cm 16-24 cm 

Activity 
season 

April-
October 

April-
October 

April-
October 

April- 
October 

March-
November 

April- 
October 

April-
November 

April- 
October 

Litter size 3-4 5-24 15-40 10-15 10-14 7-8 10-40 5-12 

Life span 20 years 20 years 9 years 30 years 7 years 5 years 20 years 10 years 

Age at 
maturity 

3 years 3-4 years 2-4 years 7 years 2-3 years 2 years 2-3 years 2-3 years 

Snout to vent 
length at 
maturity 

26-40 cm 45-50 cm 42-55 cm 105 cm 17 cm 12 cm  46-55 cm 40 cm 

Provincial 
designation 

Not at risk 
Special 
concern 

Not at risk Endangered Not at risk Not at risk Not at risk 
Special 
concern 

Federal 
designation 

Not at risk 
Special 
concern 

Not at risk Threatened Not at risk Not at risk Not at risk 
Special 
concern 

Sources: Harding, 1997; COSEWIC, 2002a; COSEWIC, 2002b; COSEWIC, 2007; OMNR, 2010 
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Table 2-2.  Life history characteristics and at-risk designations of turtle species found in the area of the 1000 Islands Parkway. 

  
Chelydra serpentina 

Chrysemys picta 
marginata 

Emydoidea 
blandingii 

Graptemys 
geographica 

Sternotherus 
odoratus 

  
Snapping turtle 

Midland painted 
turtle 

Blanding's turtle Northern map turtle Eastern musk turtle 

Total adult 
length 

20-50 cm 9-25 cm 15-28 cm 
17-27 cm (female) 
10-16 cm (male) 

7-14 cm 

Active season  April-November April-November April-November April-November April-November 

Clutch size 25-50 eggs 3-10 eggs 6-21 eggs 3-21 eggs 3-5 eggs 

Life span 60 years 40 years >70 years 40 years 28+ years 

Age at maturity 11-16  years 11 years  14-20 years 
3-5 years (male) 
10-14 years (female) 

7-11 years (female) 
3-4 years (male) 

Carapace length  
at maturity  

20 cm 12 cm 27 cm 
14 cm (male) 
25 cm (female) 

13 cm 

Provincial 
designation 

Special concern Not at risk Threatened Special concern Threatened 

Federal 
designation 

Special concern Not at risk Threatened Special concern Threatened 

Sources: Congdon et al., 1994; Harding, 1997; Rowe et al., 2003; COSEWIC, 2005, 2008 
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All vertebrate wildlife found on the road and road shoulders were identified to the most specific 

taxonomic level possible.  A handheld WAAS-enabled Global Positioning System (GPS) receiver 

(Trimble Nomad, Sunnyvale, CA) with a mobile GIS (ArcPad version 7.1, Environmental Systems 

Research Institute (ESRI), Redlands, CA) was used to record the location of each road kill, with an 

estimated accuracy of 3 to 5 m.  Locations of live wildlife on the road were recorded with an estimated 

road mortality risk of low, medium or high depending on the individual’s location on the road and speed 

of movement.  Wildlife recorded as medium and high risk (n=38) were included in analyses of wildlife 

road mortality.  Live individuals recorded as being ‘high risk’ were those who would have most certainly 

been struck and killed by a vehicle had they not been removed at that time (for example, removed from 

the middle of the road during high traffic or just before a vehicle passed).  ‘Medium risk’ individuals were 

likely to be killed on roads, such as a snapping turtle crossing and removed from the road, though no 

vehicles were immediately present. Intact carcasses were removed from the road to avoid repeat counting 

on subsequent surveys and the GPS was consulted to show locations of recent kills for persistent 

specimens that could not be removed.   

Some animals may have moved off the road after being injured by a vehicle, or been removed by 

scavengers, and were thus not observed on surveys (Smith and Dodd, 2003; Row et al., 2007).  The 

estimates of kills presented here are therefore minimum possible estimates of road mortality.  I assumed 

that all wildlife found dead on the road was killed by traffic, and that all the recorded kills were from the 

previous 24 hours.   

2.4.2 Magnitude and Temporal Pattern of Mortality Data Handling and Standardization for 

Temporal Analysis of Road Mortality  

Data were standardized to account for variation in sampling effort among months and years by 

calculating the mean number of kills per survey at a two-week interval. Two-week periods consisted of 15 

or 16 days such that every month contained two bi-weekly study periods.  A two-week interval was 
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chosen to maintain a meaningful resolution in the data while providing enough data for analysis in a given 

time period.   

When kills/survey was compared between years, 2009 departed significantly from the other three 

years.  While kills/survey values were within 30% of one another for 2008, 2010 and 2011, 2009 

kills/survey varied by more than 500% from 2008 values and by more than 350% from 2010 values.  

Because data collected in 2009 were substantially lower from other years, they were omitted from all 

analyses.     

Wildlife road mortality data were divided into five taxonomic groups for analyses: snakes, turtles, 

frogs, birds, and mammals.  These taxa have different life history characteristics and differing 

vulnerabilities to road mortality, and merit separate analyses.  Moreover, understanding road mortality 

patterns by taxon will better enable focused and effective management strategies for species of concern.  

Turtle and snake species were identified as taxa most at risk of road mortality in the study area due to 

their life history characteristics and, in some populations, at-risk status.  For these taxa, further data 

analysis was carried out at the species level.   

The total number of individuals lost to road mortality along the Parkway in each year was 

estimated differently for different taxa, depending on their perceived residence time on the road after they 

were killed.  Field observations indicated that frogs have a short persistence time on the road, as do birds 

and juvenile turtles, so estimates of total individuals killed from April to October for these taxa was 

calculated by multiplying the mean kills per survey across a two-week period by the number of days in 

the two-week period.  Adult turtles, mammals, and snakes showed multi-day persistence.  For these taxa, 

the raw count data were considered the total number of individuals killed by vehicles during the survey 

time period. Kills/km were calculated by dividing the raw road kill count by the number of km surveyed 

in all years.  Ratios of adult to juvenile turtles and male to female turtles were calculated using 2010 and 

2011 data, as they were the only years for which such data were available. The monthly proportion of 

adults and juveniles found in 2010 and 2011 was used to estimate adult and juvenile road mortalities for 

2008.   
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2.4.3 Modeling the Relative Contributions of Climate, Traffic and Season in Explaining Wildlife 

Road Mortality 

A regression tree analysis was used to measure the relative contributions of day of year, daily 

precipitation, minimum daily temperature, and traffic in explaining wildlife road mortality.  A regression 

tree ranks each independent variable according to its importance in explaining the dependent variable, in 

this case wildlife road mortality, by splitting data into two mutually exclusive groups.  The explanatory 

variable that is best able to partition the data into homogeneous groups is used at each split until the 

responses are in relatively homogeneous groupings (De’ath and Fabricius, 2000).  This creates a tree 

diagram with a series of terminal nodes that contain the mean response given the criteria for splits along 

the tree branches.   

Regression trees can be used to detect complex and non-additive effects, and they assume no 

relationship type (i.e. linear, quadratic) between the predictor variables and the dependent variable 

(Breiman et al., 1984; De’ath and Fabricius, 2000).  The variables predicted to be important in the model 

help us understand what variables are driving wildlife road mortality.  Understanding the factors 

important to wildlife road mortality, and particularly the relative importance of these different factors, can 

help managers research, monitor or mitigate wildlife road mortality.   

Regression trees were constructed using SPSS (version 20, IBM, Armonk, NY) with 10 cross 

validations. Each survey was a case in the model, providing 163 cases with 2008, 2010 and 2011 data 

against which to test the effects of four explanatory variables: (i) day of year, (ii) precipitation, (iii) 

minimum daily temperature, and (iv) traffic.  Weather data were obtained from Environment Canada’s 

Brockville weather station (44.38070N, -75.445400W) (Environment Canada, 2011).  Precipitation and 

temperature data from the day before a cycling survey were used in the analysis, as that weather was more 

likely to explain the wildlife road mortality observed.  Traffic data came from Eberhardt (2009), who 

collected the data in 2008 from June to October.  Traffic was averaged over weekdays by first week of 

June, second week of June, etc. and weekends for first weekend of June, second weekend of June, etc. 

These values were assigned ordinal categories of 1500 to 1999 vehicles per day, 2000 to 2499 vehicles 
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per day, 2500 to 2999 vehicles per day and 3000 to 3999 vehicles per day, which were assigned to dates 

in 2010 and 2011 when traffic data were not collected.   

Three model iterations were run to explain the contributions of model variables to wildlife road 

mortality.  The first model iteration included day of year, daily precipitation, minimum daily temperature, 

and traffic.  Day of year was consistently found to be the most important predictor of wildlife road 

mortality, so two follow-up regression trees were run excluding day of year to determine the relative 

importance of precipitation, temperature, and traffic.  The data for each taxonomic group were separated 

into high and low times of road mortality based on the first model iteration.  A second model used data 

only from the low time of year for road mortalities and the third model used data only from the peak road 

mortality time of year. The second and third regression tree models excluded day of year as a variable to 

tease apart the relative contributions of temperature, precipitation, and traffic in explaining wildlife road 

mortality.  The aim was to find a threshold level that influenced wildlife road mortality for temperature, 

precipitation, and/or traffic, if such an effect existed.  A minimum of 30 cases were required to run the 

models at peak and low times of year so the dataset would be robust enough to show variations in road 

mortality related to traffic, precipitation and temperature.  The regression tree was truncated when the 

variation of kills/day was less than 1 for snakes, turtles, birds and mammals, and less than 50 for frogs, as 

these levels of kills were not considered sufficiently different to show clear road kill patterns related to 

the predictor variables. 

2.5 Results 

A total of 6655 road kills were found in 2008, 4829 in 2010, and 730 in 2011 (Table 2-3).  

Estimates for herpetofauna may be considered annual road mortality totals, as April to October covers the 

active seasons for amphibians and reptiles in the St. Lawrence-Great Lakes region (Harding, 1997).  The 

estimates for birds and mammals, however, are incomplete annual estimates, as individuals are killed on 

the road year-round. 
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Table 2-3. Observed road kills during surveys (n), mean kills per km, calculated as the number of 

observed kills divided by the total number of kilometres surveyed, and estimated total 

annual road mortalities (N) from April to October on the 1000 Islands Parkway.  

 
2008 

 
2010 

 
2011 

 Annual Estimate 

 
April-October 

 
June-September 

 
May-June 

 

 
n Kills/km/day 

 
n Kills/km/day 

 
n Kills/km/day   N Kills/km/day 

Snakes 244 0.079   122 0.059   21 0.038 
 

289 0.066 

Turtles 128 0.041 
 

70 0.038 
 

76 0.089 
 

167 0.047 

Frogs 5416 1.743 
 

4166 2.012 
 

445 0.523 
 

12871 1.663 

Toads 52 0.017 
 

15 0.007 
 

14 0.016 
 

310 0.013 

Birds 212 0.068 
 

125 0.061 
 

64.0 0.075 
 

420 0.067 

Mammals 192 0.062 
 

127 0.061 
 

61 0.072 
 

196 0.063 

Unknown 411 n/a 
 

204 n/a 
 

49 n/a 
 

2537 n/a 

Total 6655 2.0 
 

4829 2.2 
 

730 0.8 
 

16,790 1.919 

 

2.5.1 Snake Road Mortality 

The majority of snakes found dead on the road (DOR) were northern watersnakes (Nerodia 

sipedon), followed by eastern garter snakes (Thamnophis sirtalis sirtalis) (Table 2-4).  Species at risk 

eastern milk snakes (Lampropeltis triangulum triangulum) and gray rat snakes (Pantherophis spiloides) 

were killed at an estimated rate of 14 and 9 individuals per year, respectively.  Daily variability of snake 

mortality was high with the number of snakes found dead on the road in one survey ranging from 0 to 49 

individuals (mean=2.5).  Snake road mortalities show a marked increase in the fall and peaked in 

September and October, with 4.8 kills/survey, compared to an overall average of 1.3 kills/survey from 

April to October (Figure 2-2).   
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Figure 2-2. Snake road mortalities (+/- standard error) per survey on the 1000 Islands Parkway 

from April to October 2008, June to September 2010, and May and June 2011. 

 

2.5.2 Turtle Road Mortality 

The majority of turtles found dead on the road were adults (70.1%), most of which were female 

(75.9%) (Table 2-5).  The number of turtles found dead on the road in a single survey ranged from 0 to 11 

individuals (mean=1.5).  Turtle road mortality was highest in May and particularly June, with 53% of 

road kills found from May 16 to June 30 at a rate of 3.2 kills/survey.  The highest period of mortality was 

from June 1 to 15, with 5.1 kills/survey.  There were no road-killed turtles observed on 43% of surveys in 

2008 and 2010.  Few turtles were found dead on the road in October and August (<1 turtle/survey) 

(Figure 2-3).  Seasonal patterns of turtle mortality varied by sex and age class (Figure 2-4 and Figure 2-5).  

The mean number of juvenile road casualties was bimodal, peaking in May (mean 8.7 kills/survey) and 

September (mean= 16.3 kills/survey).  The trend for adult females was unimodal with most kills 

occurring in May and June.  Male turtle road mortality peaked earlier, in May.   
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Table 2-4.  Observed number of reptile species found on the 1000 Islands Parkway, Ontario, from 

2008-2011, and estimated annual mortality for each species.  Estimated annual road 

mortality was calculated as the mean proportion of each species found dead on the road 

annually multiplied by estimated annual snake mortality (the sum of mean snakes killed per 

survey from April to October).   

      Year 
Estimated 

annual 
mortality    

2008 2010 2011 

Survey time frame 
 

April-Oct June-Sept May-June 

Snakes         
 

 

Diadophis punctatus 
Northern ring-
necked snake 

2 0 0 1 

 

Lampropeltis triangulum 
triangulum* 

Eastern milk snake 11 6 5 16 

 

Nerodia sipedon 
Northern water 
snake 

87 37 20 105 

 

Pantherophis spiloides* Gray rat snake 5 5 0 7 

 

Storeria dekayi 
Dekay's brown 
snake 

35 24 0 43 

 

Storeria occipitomaculata 
occipitomaculata 

Northern red-bellied 
snake 

2 1 0 2 

 

Thamnophis sirtalis sirtalis 
Eastern garter 
snake 

2 29 4 26 

 
Unknown snake species** 

 

100 20 3 89 

 

Total 

 

244 122 32 289 

Turtles 

 
    

 

Chelydra serpentina* Snapping turtle 39 20 23 48 

 

Chrysemys picta marginata 
Midland painted 
turtle 

69 46 45 95 

 

Emydoidea blandingii* Blanding's turtle 0 2 5 4 

 

Graptemys geographica* Northern map turtle 8 3 0 6 

 

Sternotherus odoratus* Eastern musk turtle 2 2 2 4 

 

Unknown turtle species** 
 

10 6 1 10 

  Total   128 79 76 167 

*species at risk 

**unable to determine because of level of degradation 
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Table 2-5.  Summary of turtle road mortalities observed from 2010 (June to September, n=56) and 2011 (May and June, n=23) by species 

sex and age class on the 1000 Islands Parkway, ON. 

 

Species 

  

Common name 

  

Adults 
Juveniles 

  

Unknown 

  

Total 

  Male Female Unknown Total 

Emydoidea blandingii Blanding's Turtle 0 4 0 4 2 0 6 

Chrysemys picta marginata Midland Painted 18 32 11 61 17 14 92 

Graptemys geographica Northern Map Turtle 0 3 0 3 0 0 3 

Chelydra serpentina Snapping Turtle 2 22 1 25 22 4 51 

Sternotherus odoratus Stinkpot 0 2 0 2 0 0 2 

  Unknown 0 0 1 1 0 0 1 

  Total 20 63 13 96 41 18 155 
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Figure 2-3. Turtle road mortalities (+/- standard error) per survey on the 1000 Islands Parkway 

from April to October 2008, June to September 2010, and May and June 2011. 

 

   

Figure 2-4. Adult and juvenile turtle road mortalities (+/- standard error) on the 1000 Islands 

Parkway in 2010 (June to September) and 2011 (May and June).      
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Figure 2-5. Adult female and male turtle road mortalities (+/- standard error) on the 1000 Islands 

Parkway in 2010 (June to September) and 2011 (May and June). 

 

2.5.3 Frog Road Mortality 

An estimated total of 12,871 frogs are killed annually on the 1000 Islands Parkway. Daily 

variability of frog mortality was high with the number of frogs found dead on the road in a single survey 

ranging from 0 to 452 individuals (mean=59.9).  Approximately 34% of DOR frogs were found from July 

15 to August 16, at an average of 133.0 kills/survey (Figure 2-6).  

2.5.4 Bird Road Mortality 

Birds found dead on the road in a survey ranged from 0 to 11 individuals (mean = 2.1).  A 

maximum of 4.7 kills/survey were found from June 16 to 30, with a minimum 0.5 kills/survey from April 

1 to 15.  Bird mortality peaked from May 16 to July 8, with 59.7% of all bird road mortalities; June alone 

accounted for 31% of all bird road mortalities in the study period (Figure 2-7).   
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Figure 2-6. Frog road mortalities (+/- standard error) per survey on the 1000 Islands Parkway from 

April to October 2008, June to September 2010, and May and June 2011. 

 

 

Figure 2-7. Bird road mortalities (+/- standard error) per survey on the 1000 Islands Parkway from 

April to October 2008, June to September 2010, and May and June 2011. 

 

2.5.5 Mammal Road Mortality 

Mammals found dead on the road in a survey ranged from 0 to 10 individuals (mean = 2.2).  The 
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from June 16-30 and a low of 1.1 kills/survey from April 16 to May 15.  Late May and June accounted for 

37.1% of all mammal road kills (Figure 2-8).   

 

 

Figure 2-8. Mammal road mortalities (+/- standard error) per survey on the 1000 Islands Parkway 

from April to October 2008, June to September 2010, and May and June 2011. 

 

2.5.6 Contribution of Climate and Seasonality in Explaining Wildlife Road Mortality 

For all taxonomic groups, day of year was the most important variable identified in regression 

tree analysis to explain wildlife road mortality.  Temperature related variables refined many of the 

models, but precipitation and traffic were not selected for any models when day of year was a model 

input.  When day of year was excluded, temperature was the most important variable for predicting road 

mortality for all taxa.  

Snakes showed a strong split at day of year, with 91.4% of cases occurring before September 20, 

but with a high of snake road mortality after September 20, at an estimated 10.1 kills/day.  A lower 

minimum daily minimum temperature explained lower rates of daily snake road mortalities.  Traffic and 

precipitation were not selected in the first model iteration (Figure 2-9).  The second model iteration used 

traffic, precipitation, and temperature data from the low time of snake road mortality associated with road 
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mortality survey dates earlier than September 20 (Figure 2-10).  A minimum temperature of 20.9 degrees 

Celsius explained the greatest variation in snake road mortalities before September 20.  Higher traffic 

explained lower snake road mortality, and higher precipitation predicted lower snake road kills.  Only 13 

cases were available during snake peak mortality after September 20 so no regression tree analysis was 

run. 

Turtle road mortality was best explained by day of year, with roughly half of turtle road 

mortalities found before June 23 at 2.9 kills/day compared with 0.8 kills/day after June 23.  Precipitation 

and traffic were not selected in the first model iteration as predictors of turtle road mortality (Figure 

2-11).  A higher minimum temperature predicted higher turtle road kills during the peak time of year 

(before June 23) in the second model iteration and during the lower mortality time of year (after June 23) 

in the third model iteration (Figure 2-12 and Figure 2-13). 

Day of year was the only variable that was selected to explain frog road mortality in the first 

model iteration (Figure 2-14).  Frog road mortality was highest between July 9 and July 29 (183.4 

kills/day), though only 19 cases were available so no regression tree analysis was run for the peak time.  

The second model iteration was run with data from the low time of frog road mortality before July 9 and 

after July 29.  A lower minimum temperature predicted lower frog kills, while precipitation and traffic 

had no effect (Figure 2-14).   

The highest daily bird mortality rate (5.2 kills/day) occurred between June 4 and July 11 when 

minimum temperature was below 19.4 degrees Celsius.  Bird kills/day were lowest before May 16 (0.8 

kills/day), and were similarly low after August 7 (1.0 kills/day) (Figure 2-16).  Precipitation and traffic 

did not explain any variation in daily bird road kills. The second and third models for bird road mortality 

had a variation of less than 1 kill/day, so the results were not included.  Similarly, day of year was the 

most important variable for mammal road mortality, with a high of 3.3 kills/day between May 28 and July 

7 and a low of 1.5 kills/day before May 28 (Figure 2-16).  During the peak time for mammal road 

mortalities (May 28 to July 7), a minimum temperature greater than 16.1 degrees Celsius predicted higher 
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mammal road kills (Figure 2-18).  The variation in kills/day during the low time of mammal road 

mortality was less than 1 kill/day.   

 

2.44 kills/day 
163 cases (100%) 

 
 

 
 
<September 20   > September 20 
1.7 kills/day   10.1 kills/day 
149 cases (91.4%)  14 cases (8.6%) 

 
 

 
 

Min.temp. <20.9°C  Min.temp. >20.9°C 
1.1 kills/day   3.4 kills/day 
108 cases (66.3%)  41 cases (25.2%) 

 
 
 
 
Min.temp. <16.9°C  Min.temp. >16.9°C 
0.6 kills/day   1.6 kills/day 
55 cases (33.7%)   53 cases (32.5%) 
 

Figure 2-9. Results of regression tree analysis for snake road mortality on the 1000 Islands 

Parkway, including day of year, minimum temperature, precipitation, and traffic (vehicles 

per day, expressed as 4 categories).  Precipitation and traffic were not selected in the model 

as predictors of snake road mortality. 
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1.7 kills/day 
150 cases (100%) 

 
 

 
 

Min. temp.<20.9°C        Min. temp.>20.9°C 
1.1 kills/day        3.3 kills/day 
109 cases (72.7%)       41 cases (27.3%) 

 
 

 
 
    Min. temp. <16.9°C               Min. temp. >16.9°C        < 2000 vehicles/day               >2000 vehicles/day 
    0.5 kills/day   1.6 kills/day          5.1 kills/day   3.0 kills/day 
    56 cases (37.3%)  53 cases (35.3%)          8 cases (5.3%)  33 cases (22.0%) 

 
 
 
 

  <0.06 mm precipitation       >0.06 mm precipitation 
  3.7 kills/day        1.9 kills/day 
  16 cases (9.8%)        13 cases (8.7%)  

Figure 2-10. Results of regression tree analysis for snake road mortality on the 1000 Islands 

Parkway during the low time for snake road kills (before September 20), including 

minimum temperature, precipitation, and traffic.  Precipitation was not selected in the 

model as predictors of snake road mortality. 

 

 

 

1.7 kills/day 
163 cases (100%) 

 
 

 
 

<June 23   >June 23 
2.9 kills/day   0.8 kills/day 
73 cases (44.8%)   90 cases (55.2%) 

 
 

 
 

Min.temp. <17.4°C  Min.temp. >17.4°C 
1.5 kills/day   5.4 kills/day 
47 cases (28.8%)   26 cases (16.0%) 

Figure 2-11.  Results of regression tree analysis for turtle road mortality on the 1000 Islands 

Parkway, including day of year, minimum temperature, precipitation, and traffic (vehicles 

per day, expressed as 4 categories).  Precipitation and traffic were not selected in the model 

as predictors of turtle road mortality. 
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0.9 kills/day 
90 cases (100%) 

 
 

 
 

Min.temp. <23.7°C  Min.temp. >23.7°C 
0.8 kills/day   2.4 kills/day 
85 cases (94.4%)   5 cases (5.6%) 

Figure 2-12. Regression tree analysis for turtle road mortality on the 1000 Islands Parkway during 

the low time for turtle road kills (after June 23), including minimum temperature, 

precipitation, and traffic.  Precipitation and traffic were not selected in the model as 

predictors of turtle road mortality. 

 

 

 

2.8 kills/day 
73 cases (100%) 

 
 

 
 

Min.temp. <17.4°C  Min.temp. >17.4°C 
1.4 kills/day   5.5 kills/day 
48 cases (65.8%)   25 cases (34.2%) 

Figure 2-13. Regression tree analysis for turtle road mortality on the 1000 Islands Parkway during 

the peak time for turtle road kills (before June 23), including minimum temperature, 

precipitation, and traffic.  Precipitation and traffic were not selected in the model as 

predictors of turtle road mortality. 
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61.5 kills/day 
163 cases (100%) 

 
 

 
 

<July 9         >July 9 
24.6 kills/day        104.9 kills/day 
88 cases (54.0%)        75 cases (46.0%) 

 
 

 
 
    Min. temp. <15.6°C               Min. temp. >15.6°C        <July 29           >July 29 
    12.7 kills/day   32.8 kills/day          183.4 kills/day  80.1 kills/day 
    36 cases (22.1%)  52 cases (31.9%)          18 cases (11.0%)  57 cases (35.0%) 

 
 
 
 

 <June 7    >June 7 
50.0 kills/day   25.2 kills/day 
16 cases (9.8%)   36 cases (22.1%)  

Figure 2-14. Regression tree showing day of year as the best explanatory variable for total frog 

road mortality on the 1000 Islands Parkway from April to October.  Included in the model 

were day of year, minimum daily temperature, mean daily precipitation, and traffic, though 

only day of year and minimum temperature were selected as important variables in 

explaining frog road mortality.   

 

 

 

46.5 kills/day 
144 cases (100%) 

 
 

 
 

Min.temp. <22.4°C  Min.temp. >22.4°C 
39.2 kills/day   126.6 kills/day 
132 cases (91.7%)   12 cases (8.3%) 

 

Figure 2-15. Regression tree analysis for frog road mortality on the 1000 Islands Parkway during 

the low time for frog road kills (before July 9 and after July 29), including minimum 

temperature, precipitation, and traffic.  Precipitation and traffic were not selected in the 

model as predictors of frog road mortality. 
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2.5 kills/day 
163 cases (100%) 

 
 

 
 
<August 7   > August 7 
3.1 kills/day   1.0 kills/day 
113 cases (69.3%)  50 cases (30.7%) 

 
 

 
 

<May 16    >May 16 
0.8 kills/day   3.8 kills/day 
26 cases (16.0%)   87 cases (53.4%) 

 
 
 
 

<July 11    >July 11 
4.2 kills/day   2.7 kills/day 
64 cases (39.3%)   23 cases (14.1%) 

 
 
 
 

<June 4        >June 4 
2.9 kills/day       4.7 kills/day 
16 cases (9.8%)       48 cases (29.4%) 

 
 
 
   

Min.temp. <19.4°C      Min.temp. >19.4°C 
5.2 kills/day       4.1 kills/day 

     24 cases (14.7%)       24 cases (14.7%) 

Figure 2-16. Regression tree analysis for bird road mortalities on the 1000 Islands Parkway, 

including day of year, minimum temperature, precipitation, and traffic (vehicles per day, 

expressed as 4 categories).  Precipitation and traffic were not selected for the model. 
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2.3 kills/day 
163 cases (100%) 

 
 

 
 

<May 28         >May 28 
1.5 kills/day        2.6 kills/day 
37 cases (22.7%)            126 cases (77.3%) 

 
 
 
 
            <July 7    >July 7 
            3.3 kills/day    2.1 kills/day 
            49 cases (30.1%)   77 cases (47.2%) 

Figure 2-17. Regression tree analysis for mammal road mortalities on the 1000 Islands Parkway, 

including day of year, minimum temperature, precipitation, and traffic (vehicles per day, 

expressed as 4 categories).  Only day of year was selected as an important variable in 

explaining mammal road mortality. 

 

3.3 kills/day 
50 cases (100%) 

 
 

 
 

Min.temp. <16.1°C       Min.temp. >16.1°C 
1.9 kills/day        3.7 kills/day 
13 cases (26%)        37 cases (74.0%) 

Figure 2-18. Regression tree analysis for mammal road mortality on the 1000 Islands Parkway 

during the peak time for mammal road kills (May 28 to July 17), including minimum 

temperature, precipitation, and traffic.  Precipitation and traffic were not selected in the 

model as predictors of mammal road mortality. 

2.6 Discussion 

All turtle species known to the region were found during the three years of the study, though no 

Blanding's turtles were found dead on the road in 2008.  The higher numbers of Midland painted turtles 

and snapping turtles found dead on the road are likely a reflection of those species’ greater population 

sizes compared with musk turtles, northern map turtles, and Blanding’s turtles. 

Seven of nine snake species found locally were found dead on the Parkway; no smooth green 

snakes (Opheodrys vernalis) or northern ribbon snakes (Thamnophis sauritus septentrionalis) were found 

dead on the road, and only one ring-neck snake was found.  The absence of northern ribbon snakes was 

unexpected as they are wetland-associated species (Harding, 1997).  The northern ribbon snake 
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population may be small in the area of the Parkway due to habitat preference for quieter areas (Harding, 

1997) or to population depletion from road mortality or other factors.  The high number of northern water 

snakes found on the Parkway reflects the proximity to wetlands and the healthy population of water 

snakes in the area.  Eastern garter snakes were also found in high numbers, which likely reflects their 

ability to make use of many habitats and relatively large population size. Fewer gray rat snakes were 

found than I expected, given their presence on properties near the Parkway and their large body size, 

making it more likely they would be struck by a passing vehicle.  The small number of gray rat snakes 

found dead on the road could be because they seldom cross the Parkway toward the water, which is not a 

preferred habitat (Harding, 1997), or their increased likelihood of being only injured and not killed 

immediately when struck by a vehicle due to larger body size, providing a greater ability to remove 

themselves from the road (Row et al., 2007).   

While the study was able to access four years of data on wildlife road mortality on the 1000 

Islands Parkway, differing times of year were surveyed in each of the four years, making direct 

comparisons between years impossible.  Capturing a more complete active season for herpetofauna in 

2009, 2010 and 2011 (as was done in 2008) would have been preferred, but opportunity and time 

constraints limited survey effort and time frame. Wildlife road mortality studies are subject to some 

inaccuracies, owing to observation bias, removal of individuals by scavengers, desiccation and 

decomposition (Hels and Buchwald, 2001; Langen et al., 2007).  Thus, road mortality estimates are likely 

underestimates for all taxa found on the road.   

2.6.1 Temporal Patterns 

Distinct periods of road mortality were found for all taxa, which is consistent with other studies 

(e.g. Ashley and Robinson, 1996; Langen et al., 2007; Shepard et al., 2008; DeGregorio et al., 2010).  

Higher snake road mortality in spring and particularly fall may be explained by snake emergence from 

hibernation early in the spring and return to hibernacula in the fall (Gibson and Merkle, 2004; Shepard et 

al., 2008).   
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Previous studies in other locations found high turtle road mortality in June and July (Shepard et 

al., 2008; Beaudry et al., 2010).  High adult female turtle road mortality occurs during the nesting season, 

when females travel overland, crossing roads and increasing their risk of road mortality (Congdon et al., 

1993; Pettit et al., 1995).  My results are consistent with others in that adult turtles were killed primarily 

in May and June while juvenile turtle road mortality was highest in May and September.  Juvenile turtle 

road mortality is related to spring emergence from nests and fall dispersal after hatching and migration to 

overwintering sites (Aresco, 2004; Langen et al., 2007).   

Frog mortality peak in July is likely due to dispersal of frog metamorphs from wetlands to upland 

sites (Langen et al., 2007).  Mammals showed the least variation in kills/survey over the study time 

period.  Mammals may cross roads more consistently than other taxa in search of food, normalizing their 

temporal patterns of road mortality.  Bird road mortality peaked from late May to the end of July.  This 

may be explained by forage behaviours or fledgling flight patterns with lower success of crossing survival 

than more experienced adults. Bird kills may have occurred when individuals flow low over roads while 

hunting insects (Glista et al., 2008).   

2.6.2 Magnitude of Road Mortality 

I expected the road mortality rate on the 1000 Islands Parkway to be comparatively high, since 

the road was surveyed by bicycle as opposed to car, the most common survey method, which 

underestimates road mortalities for small-bodied animals (Smith and Dodd, 2003; Langen et al., 2007).   

Road mortality on the 1000 Islands Parkway was not as high as other studies found on different roads of 

North America (Table 2-6).  Snake road mortalities were relatively high compared with other studies, 

while all other taxa had low kills/km.  Turtle mortality was lower than that found on a Florida highway 

after the installation of a barrier fence to decrease turtle road mortality (Aresco, 2005a), perhaps 

indicating a low need for mitigation measures on the Parkway.  However, the acceptable level of road 

mortality is subjective and impacts of road mortality vary depending on the study species and 

management priorities.   
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Table 2-6.  Comparison of snake road mortalities on the 1000 Islands Parkway with other road 

mortality studies of snakes.  All data are expressed as kills/km, calculated using the total 

number of records of road kills divided by the total number of km surveyed.  Snake road 

mortalities on the 1000 Islands Parkway are consistent with other studies.   

Snakes/km Location 
Road Length 

(km) 
Months 

Surveyed 
Survey 
Method Author(s) 

0.06 Ontario 3.6 April to October Walking 
Ashley and Robinson, 
1996 

0.04 Florida 6 Year-round Walking 
Enge and Wood, 
2002 

0.05 Indiana 12 Year-round Driving Glista et al., 2008 

0.03 Idaho 183 May to October Driving Jochimsen, 2006 

0.02 Arizona 44.1 Year-round Driving 
Rosen and Lowe, 
1994 

1.85 Florida 3.2 One year Walking 
Smith and Dodd, 
2003 

0.07 
South 

eastern 
Ontario 

37 April to October Cycling Present study 

Turtles/km 

  
 

  
11.90 

Florida  
(before  barrier 

fence) 
0.7 February to April Walking Aresco, 2005a 

0.09 
Florida  

(after  barrier 
fence) 

1.2 Year-round Walking Aresco, 2005a 

0.28 Ontario 3.6 April to October Walking 
Ashley and Robinson, 
1996 

0.01 Alabama   
April to 

September 
Driving Dodd et al., 1989 

0.67 Montana 7.2 May to August   Fowle, 1996 

0.05 Indiana 12 Year-round Driving Glista et al., 2008 

0.56 Florida 3.2 One year Walking 
Smith and Dodd, 
2003 

0.05 
South 

eastern 
Ontario 

37 April to October Cycling Present study 

Frogs/km      

11.50 Ontario 3.6 April to October Walking 
Ashley and Robinson, 
1996 

3.70 Ontario   April to May Driving Fahrig et al., 1995 

6.40 Indiana 12 Year-round Driving Glista et al., 2008 

23.90 New York 1.2 July Walking Langen et al., 2007 

174.7 New York 1.7 April to October Walking Langen et al., 2007 

1.30 New York 44.4 May to July Driving Langen et al., 2007 

4.30 Nova Scotia 20 
April to 

September 
Driving Mazerolle, 2004 

2.48 Florida 3.2 One year Walking 
Smith and Dodd, 
2003 

1.70 
South 

eastern 
Ontario 

37 April to October Cycling Present study 
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Birds/km Location 
Road Length 

(km) 
Months 

Surveyed 
Survey 
Method Author(s) 

0.50 Ontario 3.6 April to October  Walking 
Ashley and Robinson, 
1996 

0.14 Indiana 12 Year-round  Driving Glista et al., 2008 

0.41 Florida 3.2 One year  Walking 
Smith and Dodd, 
2003 

0.07 
South 

eastern 
Ontario 

37 April to October Cycling Present study 

Mammals/km 

 
 

  
0.12 Ontario 3.6 April to October  Walking 

Ashley and Robinson, 
1996 

0.24 Indiana 12 Year-round  Driving 
Glista et al., 2008 

0.08 Florida 3.2 One year  Walking 
Smith and Dodd, 
2003 

0.06 
South 

eastern 
Ontario 

37 April to October Cycling Present study 

 

The lower road kills on the Parkway may be explained by the comparatively lower risk of road 

mortality or by the smaller populations of wildlife, either naturally occurring or as a response to road 

mortality on the Parkway, a hypothesis that Eberhardt (2009) presented to explain lower frog kills on the 

Parkway in areas of higher traffic.  Further, the length of the study area may have misrepresented the 

threat of road mortalities when expressed in kills/km.  Examining a relatively short stretch of road where 

dense clusters of kills are found returns a higher kills/km value than examining a longer stretch of road 

that shows cold spots as well as hot spots, as with the 1000 Islands Parkway. For example, turtle road 

mortalities in the 1 km stretch of road around Thompson Bay (44.5078, -75.911588), a turtle hot spot on 

the 1000 Islands Parkway (see Figure 3-12), is 0.18 kills/km, more than tripling the magnitude of kills/km 

found on the entire Parkway.   

The presence of road mortality does not necessarily indicate significant population-level effects.  

Evidence of population effects from road mortality may be required to leverage the finances required for 

mitigation (Carr et al., 2002).  The size of the wildlife populations in the study area is unknown, so the 

full implications of the loss of individuals cannot be fully understood.  However, low levels of additive 

annual mortality of adult turtles can lead to population declines (Brooks et al., 1991; Congdon et al., 
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1993, 1994).  The loss of adult turtles, particularly from one sex, can lead to unstable population 

demographics and eventually extirpation (Steen and Gibbs, 2004).    

The number of turtles killed/km was relatively low on the 1000 Islands Parkway; however, the 

estimated loss of 167 turtles annually, of which the majority (>70%) are adult females, is likely to cause 

population decline over time.  The loss of immature reptiles has less of an impact on population dynamics 

than the loss of adults, as those individuals may have been lost to predation or disease (Parker and 

Plummer, 1987; Congdon et al., 1994).  However, increases to mortality over and above natural causes 

can have demographic consequences (Kingsbury and Attum, 2009; Shine and Bonnet, 2009).  The 

proportion of juvenile turtles found DOR may have been higher if April and May of 2010 was surveyed, 

or July to October of 2011 was surveyed, as greater numbers of juveniles were found dead on the road in 

spring and fall. 

2.6.3 Predicting Road Mortality with Weather, Traffic, and Season 

All taxa showed day of year as the most important variable in explaining road mortality on the 

1000 Islands Parkway in regression tree analyses.  The implication is that wildlife road mortality is driven 

primarily by wildlife movements related to life cycle behaviours, and therefore, peak times of road 

mortality are likely to be consistent between years.  Predictable wildlife movements may help managers 

reduce wildlife road mortality by implementing mitigation programs at the appropriate time of year.   

A higher minimum temperature consistently predicted higher levels of wildlife road mortality.   

Herpetofauna are ectothermic, and are likely to be less active in temperature extremes.  A dataset that 

included the complete active season for herpetofauna (April to October) over multiple years may reveal 

an increase in snake road mortality when snakes emerge from hibernacula and bask on roads. 

Higher traffic levels have been shown to increase wildlife road mortality (Fahrig et al., 1995; 

Mazerolle, 2004), but traffic on the 1000 Islands Parkway was not an important variable in explaining 

turtle, frog, bird or mammal road kills.  This could be because traffic levels did not vary significantly 

enough to show an effect in the model.  Snake road mortality was lower with higher traffic, which may be 
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explained by snake avoidance of roads in the presence of increased traffic, or to a more rapid degradation 

of snake carcasses and thus lower detection.  Estimates of traffic effects on wildlife road mortality may 

have been more accurate if traffic data were available for April and May or if more specific traffic data 

were available for 2010 and 2011.   

Amphibian road mortalities have been found to be episodic and related to higher rainfall and 

warmer temperatures (Clevenger et al., 2003; Langen et al., 2007).  Higher levels of frog road mortality 

after warm, wet nights were anecdotally observed on the 1000 Islands Parkway, but the regression tree 

analysis did not select precipitation as a factor in explaining frog road mortality.   

Bird road mortalities were highest between June 4 and July 11, likely due to migratory 

behaviours.  Higher bird kills occurred at a lower minimum temperature within the highest mortality time 

of year; otherwise, minimum temperature did not influence bird road kills.  Differences at high and low 

times of year for bird road mortality returned a variation in daily mortality rate of less than 1 kill/day, 

suggesting that climatic and traffic variables have little influence on bird movement patterns.  

Minimum daily temperature, precipitation, and traffic had no influence over mammal road 

mortality in the regression tree model that included day of year.  The threshold minimum temperature was 

lower for mammals then other taxonomic groups, at 16.1 degrees Celsius during the peak time of 

mammal road mortality.  Mammals were likely not greatly influenced by climatic variables as they are 

endotherms with insulating fur.   

2.6.4 Side of Road Survey Bias 

Cycling as a means to survey for wildlife road mortality was thought to decrease observation bias 

compared with driving.  Eberhardt (2009) found driving surveys detected 74% less road kill than cycling 

on the 1000 Islands Parkway.  A systematic bias may exist for survey methods where only one side of the 

road is travelled for surveys, an issue not identified or discussed in other studies of wildlife road 

mortality.  The side of road cycled was selected for logistic reasons, with the assumption that no inherent 

bias would exist in data observation based on side of road travelled.  However, a distinct difference in the 
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proportion of kills found on the north and south sides of the road was found, with higher kills found on 

the side of road travelled (Table 2-7).  Ideally, both sides of the road would be surveyed for road 

mortality, though that may be more practical when a shorter road length is studied or multiple researchers 

are available to conduct surveys.  The bias in road side detection is unlikely to affect overall study 

outcomes, as I assume an individual animal crossing the road had as high a likelihood of being killed on 

the north side or south side of the road.  The bias does suggest, however, that a number of individuals 

were not observed on any given survey for all taxa.  Thus, estimates of total road mortality in this study 

underestimate total annual road mortality. 

Table 2-7.  Proportions of road kills found on north and south sides of the 1000 Islands Parkway. 

 
Frogs Snakes Turtles Birds Mammals 

 

North South North South North South North South North South 

North side cycled 

(2008 & 2009) 
64% 36% 61% 39% 60% 40% 63% 37% 53% 47% 

South side cycled 

(2010 & 2011) 
25% 75% 20% 80% 34% 66% 35% 65% 34% 66% 

 

2.7 Conclusion 

Mitigation measures can be tailored to taxa or even to a specific age or sex within a species of 

concern when enough information is available to direct management decisions.  All taxonomic groups 

showed temporal clustering related to day of year.  Traffic and precipitation had little to no effect on 

wildlife road mortality.  High road mortality for adult female turtles is a priority on the 1000 Islands 

Parkway due to the high number of species at risk turtles in the area, and their high mortality rate in May 

and June.  Mitigation efforts can therefore be directed toward these individuals at a time when efforts will 

be most effective.    
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Chapter 3 

Efficacy of Drainage Culverts and Fences in Reducing Wildlife Road 

Mortality on the 1000 Islands Parkway in South Eastern Ontario 

3.1 Introduction 

Roads negatively affect wildlife in many ways.  They fragment habitats, decreasing habitat 

quantity and quality, they separate and isolate populations, and perhaps most noticeably, roads decrease 

wildlife population sizes directly through mortality caused by collisions with vehicles (Andrews, 1990; 

Carr and Fahrig, 2001).  Wildlife vehicle collisions may be the single greatest source of anthropogenic 

mortality for many wildlife species (Andrews et al., 2008).   

Wildlife at the greatest risk of road mortality are those that are attracted to roads to forage or for 

thermoregulation, slow-moving animals, those with large movement ranges, and those with low 

reproductive rates and low natural densities. Herpetofauna (amphibians and reptiles) fall into this high-

risk group (Fahrig et al., 1995; Hels and Buchwald, 2001; Gibbs and Shriver, 2002), and experience 

elevated levels of road mortality compared with other taxa (Ashley and Robinson, 1996).  Reptiles are 

long-lived animals, with delayed sexual maturity, low reproductive rates and low adult mortality 

(Congdon et al., 1993, 1994; Pough et al., 1998) making their populations more vulnerable to 

demographic consequences of road mortality (Congdon et al., 1993; Forman et al., 2003). A 3% increase 

in adult mortality can cause turtle populations to decline (Brooks et al., 1991; Gibbs and Shriver, 2002).   

Wildlife road mortality mitigation measures are generally expensive, and thus the decision to 

install them should be informed by strong evidence and desire for mitigation (Trombulak and Frissell, 

2000).  Identifying areas where wildlife road mortality is densest, or ‘hot spots’, is essential for effective 

and efficient biodiversity conservation (Andrews et al., 2008; Shepard et al., 2008; Langen et al., 2009).  

Location has been found to be the most important factor in encouraging wildlife to use crossing structures 

such as underpasses or overpasses (Yanes et al., 1995; Rodriguez et al., 1996).  
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Drainage culverts are ubiquitous features under roadways, and could provide safe passage across 

roads for a variety of vertebrates (Yanes et al. 1995; Clevenger and Waltho, 1999; Woltz et al., 2008).  

Studies on wildlife use of drainage culverts have focused on, or primarily found, mammal use of culverts.  

Few studies have determined the effectiveness of culverts as a means of reducing road mortality, 

especially for herpetofauna (Evink, 2002; Dodd et al., 2004). Clevenger et al. (2003) found clustered 

areas of small fauna road mortality were generally located far from culverts, suggesting that culverts were 

used for crossing.  Small- and medium-sized mammals, amphibians and reptiles, were found to use small 

road underpasses of less than 1.2 m in height in Spain (Yanes et al., 1995).  A variety of species used 

culverts in southern Portugal, with mammals comprising over 80%; no turtles and few amphibians used 

the culverts as crossing structures (Ascensao and Mira, 2007).  Rodriguez et al. (1996) studied wildlife 

use of existing passages along a railway in Spain and found reptiles (lizards and snakes) and mammals 

made use of passages, but no amphibians or turtles were found in the study.   Monitoring road mortality 

before and after mitigation measures is the simplest and most effective method for evaluating the success 

of mitigation measures but these types of studies are minimal (Clevenger et al., 2001b; Hardy et al., 

2003).   

Culverts may be combined with fencing to funnel wildlife toward crossing structures to increase 

the use of culverts to cross the road (Dodd et al., 2004; Aresco, 2005a).  This study design is used 

extensively in Europe for a variety of small and medium sized taxa and has had some success in the 

United States (Evink, 2002).  Aresco (2005a) monitored road mortality on a busy highway in Florida 

before and after the installation of a wildlife fence around an existing culvert (600 and 885 m long).  He 

found the temporary drift fence that was installed over 0.7 km of the highway next to a 3.5 m wide culvert 

significantly reduced turtle road mortality.  A study of wildlife fences in Alberta by Clevenger et al. 

(2001b) showed that vehicle collisions with ungulates decreased after installation of movement barrier 

fencing, in spite of increased traffic volumes, indicating that fencing is an effective mitigation technique 

for wildlife road mortality.  Barichivich and Dodd (2002) report a wildlife road mortality decrease after 

the construction of a barrier wall with underpasses on Highway 441 in Florida.  Dodd et al. (2004) 
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measured the effectiveness of a 2.5 km barrier wall with 8 culverts at reducing wildlife-vehicle mortalities 

(WVCs) in Florida.  They found a reduction in wildlife road mortality and an increase in culvert use.   

Few studies have used a trial to measure effectiveness of a mitigation technique before 

installation of a permanent mitigation measure.  The present study tests the effectiveness of movement 

barrier fencing adjacent to existing drainage culverts as a means of reducing wildlife road mortality on the 

1000 Islands Parkway in eastern Ontario, Canada.  It addresses a gap in information on the utility of this 

approach at reducing herpetofaunal road mortality as this mitigation measure has the potential to be more 

cost effective than constructing new underpasses, and to be more effective at reducing road kill than 

wildlife crossing signs or other commonly used measures (see section 1.5.1).   

3.2 Research Questions 

To determine whether existing drainage culverts can be used to reduce wildlife road mortality on  

the 1000 Islands Parkway I constructed temporary silt fences next to drainage culverts.  My objectives 

were to determine whether wildlife used existing culverts for passage under the road and to identify road 

mortality hot spots for five taxa on the Parkway.  Identifying the areas with the densest kill clusters over 

four years of data collection will help to target areas where mitigation efforts will have the greatest 

impact.  

3.3 Study Area 

The 1000 Islands Parkway is located on the Frontenac Arch in south eastern Ontario, Canada.  It 

lies within the Frontenac Arch Biosphere Reserve, which serves as a corridor between the northern Boreal 

species of Algonquin Provincial Park in Ontario, Canada, and the southern Carolinian species of 

Adirondack State Park in New York, USA.  The Frontenac Arch is also an important east-west corridor 

for species movement along the St. Lawrence River, and thus it has a high level of biodiversity 

(UNESCO, 2010).  The 1000 Islands Parkway runs east-west along the southern border of the Frontenac 

Arch Biosphere Reserve, north of, and immediately adjacent to, the St. Lawrence River (Figure 3-1).  The 

Parkway is a 37 km, paved, two-lane highway with a posted speed limit of 80 km/hour.  The road is 
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approximately 10 m wide with 2 m gravel shoulders.  There is little curvature and little change in 

elevation, with relatively consistent land cover comprised of water, wetland and forest, and a relatively 

even distribution of residences along the length of the road (Eberhardt, 2009).   

 

Figure 3-1. The 1000 Islands Parkway, depicted above by the red line, is located in south eastern 

Ontario, north of the St. Lawrence River and within the Frontenac Arch, an area of high 

biodiversity connecting Algonquin Park and Adirondack Park (inset).   

 

Road mortality has been identified as a major threat to turtle species found in the region 

(Eberhardt, 2009; COSEWIC, 2011).  There are five turtle species in the area of the 1000 Islands 

Parkway, four of which are federal species at risk, and nine snake species, three of which are species at 

risk (COSEWIC, 2011).  Protecting the turtle species found in the area has been identified as a priority for 

the ecological integrity of St. Lawrence Islands National Park.  Two turtle crossing signs were installed 

on the Parkway in 2005 to warn motorists to be aware of turtles on the road from May to September.  

Traffic volume on the Parkway varies from about 1800 to 3700 vehicles per day from June to October, 

with approximately double the traffic in the western half of the parkway compared with the eastern half 
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(Eberhardt, 2009).  As tourism and the cottage industry develop in the 1000 Islands (OMTC, 2008), the 

threat of wildlife road morality will also increase.     

3.4 Methods 

3.4.1 Data Collection 

The 1000 Islands Parkway was surveyed by bicycle three to four times weekly from June 2 to 

September 30, 2010 for a total of 56 surveys and 23 times from May 3 to June 30, 2011.  The road was 

cycled from west to east on the south side of the road nearest the St. Lawrence River.  In 2008 and 2009, 

the north side of the road was cycled (from east to west) by St. Lawrence Islands National Park staff.  The 

1000 Islands Parkway was cycled 84 times from April 14 to October 16, 2008 (Eberhardt, 2009) and 46 

times from July 3 to October 8, 2009.  Cycling was used for surveys as it was not feasible to walk the 37 

km survey route, and driving surveys underestimate road kill, especially for small-bodied animals such as 

reptiles and amphibians (Langen et al., 2007; Smith and Dodd, 2003).   

All vertebrate wildlife found on the road and road shoulders were identified to species or taxa.  A 

handheld WAAS-enabled Global Positioning System (GPS) receiver (Trimble Nomad, Sunnyvale, CA) 

with a mobile GIS (ArcPad version 7.1, Environmental Systems Research Institute (ESRI), Redlands, 

CA) was used to record the location of each road kill.  Intact carcasses were removed from the road to 

avoid duplication on subsequent surveys when possible; otherwise, the GPS was consulted to show 

locations of recent kills to avoid duplicating records of road mortalities. 

3.4.2 Barrier Fences, Grates and Drainage Culverts Study Design 

In 2010, two experimental treatments were installed on the Parkway to test culvert use by wildlife 

following the study design established by Cunnington (pers. comm., 2010).  There are 54 open-ended 

drainage culverts that run beneath the 1000 Islands Parkway which could provide passage for wildlife in 

2010.  Twelve concrete, square culverts of between 100 cm and 200 cm in diameter were selected for one 

of two treatments: five culverts were fenced to direct wildlife towards and through culverts, and the ends 

of seven culverts were covered with grates to prevent wildlife use.  Ten culverts were used as reference.  
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Culverts with the fence treatment had approximately 90 m of silt fence (0.6 m high geotextile) erected on 

either side of the culvert parallel to the road.  Fencing was nailed into the ground with 8” galvanized nails 

at approximately 8” intervals to prevent smaller wildlife from getting underneath.  All culverts selected 

for the fence treatment were at least 200 m from other fences, driveways and intersections.  That criterion 

significantly limited the number of locations available for fence installation, as driveways and intersecting 

roads appear an average of every 217 m along the Parkway, and 500 m or more without an intersecting 

road or driveway is available in only nine areas of the 37 km road.  The fence treatment was intended to 

encourage wildlife to use the culvert as passage and reduce crossings over the road, thereby decreasing 

WVCs.   

Seven grates were installed at locations as near as possible to the fenced culverts to account for 

habitat variability and population presence at different areas of the Parkway, but were located more than 

400 m from fence ends, so as to ensure their effects were independent from the fences.  Grates were a 1/8 

inch mesh screen in a wood frame to prevent animals from accessing the culvert while still allowing for 

water movement.  If existing drainage culverts are used by wildlife for passage, then an increase in 

wildlife road mortality would be expected in the immediate proximity of grated culverts in 2010 

compared with 2008 when the culverts were open. 

3.4.3 Motion Sensor Digital Cameras 

Motion sensor digital cameras were installed at eight culverts in 2010, on four culverts with 

fencing and four reference culverts.  Images captured by the cameras were intended to show which 

species and how frequently culverts were used as crossing structures.  Cameras were moved from the 

north side of the road to the south side weekly.  The culvert sample size was too small for statistical 

comparisons between structural characteristics such as vegetation width, height, and wetness, though 

these factors have been shown to affect culvert use (Rodriguez et al., 1996; Clevenger and Waltho 1999; 

Woltz et al., 2008).  Instead, photographs were summarized by culvert locations and taxa to show taxa 

richness and incidences of potential use. 
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3.4.4 Data Analysis 

The effectiveness of existing culverts at reducing wildlife road mortality was evaluated by 

comparing the number of road kills recorded when fencing and grates were not present in 2008 to when 

fences and grates were present in 2010.   Reference culverts were also used to ensure no inherent data 

differences existed in wildlife road mortalities between years.  Comparisons were used with June to 

September data for 2008 as that was the extent of data available for 2010.  Mortality on road segments 

directly along fences was compared to determine if kills were reduced in front of the fence.  Additionally, 

road kills within 100 m of fence ends were compared to determine if there was a clustering of road 

mortality around fence ends.  A decrease in road mortality in front of fenced culverts would suggest that 

fences reduced road mortality; an increase in road mortality at grated culverts would suggest that existing 

drainage culverts are used as passageways by wildlife even without fences; similar results should be 

found between years at reference culverts (Cunnington, pers. comm., 2010).  Paired t-tests (α=0.05) were 

used to compare the number of frog road mortalities in front of the fences, within 100 m of fence ends, 

within 100 m of grated culverts and within 100 m of reference culverts in the years with and without 

treatments.  The number of road mortalities in these areas for other taxa were too low for statistical 

analysis. 

Spatial clustering of road mortality was analysed at 100 m, 200 m, 500 m and 1000 m scales and 

compared using Getis-Ord Gi* in ArcGIS (version 10, Environmental Systems Research Institute, 

Redlands, CA) to identify where wildlife road mortality hot spots were located in 2008, 2009, 2010 and 

2011.  Overlapping road segments identified as hot spots from any two or more years were considered 

overall hot spots for management use.  The hot spots identified at the 200 m scale were the most 

appropriate size for management activities, as they are more accurate than hot spots identified at 500 m 

and 1000 m scales, and provide fewer hot spots than the 100 m scale, thereby providing a better idea of 

priority areas to target.  Road mortality hot spots for all taxonomic groups at the 100 m, 500 m, and 1000 

m scales are presented in Appendix B. 
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Getis-Ord statistics are used to locate statistically significant clustering of data when compared 

with a random distribution.  The Getis-Ord Gi* statistic locates hot spots by adding the number of road 

kills associated with a given segment of the road to the road kills of its neighbouring segments, and 

compares that value with the overall expected distribution.  Getis-Ord Gi* assigns a z score for each road 

segment, which represents the statistical likelihood of that road segment being a hot spot or cold spot 

(Getis and Ord, 1992; ESRI, 2009).  Road segments with a wildlife road mortality hot spot were 

identified when the Getis-Ord Gi* statistic returned a z score of  ≥1.96 (p=0.05).   

Getis-Ord Gi* was used for five taxonomic groups and four years of road mortality data from the 

1000 Islands Parkway to identify road mortality hot spots.  Though the number of surveys and the time 

frame of wildlife road mortality data collection varied between 2008, 2009, 2010 and 2011, the survey 

observations were assumed to be spatially proportional within each year, allowing comparisons of spatial 

clustering.   

3.5 Results 

3.5.1 Effects of Fenced and Grated Culvert  

Frog road mortality did not change significantly in front of fences (p=0.057) or within 100 m of 

fence ends (p=0.119).  Grated culverts also did not significantly change the number of road-killed frogs 

found between 2008 and 2010 (p=0.177), and no change was detected around reference culverts 

(p=0.128) (Table 3-1through Table 3-3). 

3.5.2 Motion Sensor Cameras 

Wildlife images were captured on seven of the eight culverts, 188 (74%) of which were raccoons.  

One snake was found on top of a culvert at camera 8 and frogs were found on one occasion at cameras 6, 

7 and 8 (Table 3-4).  Bird images were captured, but they were not assumed to use culverts for crossing, 

and were rather in images foraging or flying past culvert openings, and are thus not included here.  No 

turtles were captured by the motion sensor digital cameras. 
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Table 3-1. Snake, turtle, frog, bird and mammal road mortalities within 200 m of reference culverts 

from June to September 2008 and June to September 2010.  There was no significant 

difference between years for frogs.  

  Snakes Turtles Frogs Mammals 

Reference 
Culvert Number 

2008 2010 2008 2010 2008 2010 2008 2010 

1 0 4 0 0 1 17 0 1 

2 1 2 2 0 4 4 0 0 

3 0 4 1 0 21 15 1 0 

4 0 0 0 0 8 12 1 0 

5 5 0 0 0 42 19 2 0 

6 2 1 1 1 151 113 1 2 

7 0 1 0 1 24 45 0 1 

8 0 0 0 0 18 17 0 0 

9 0 1 1 0 83 39 0 0 

10 0 2 0 0 11 0 0 0 
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Table 3-2.  Total road mortalities for snakes, turtles, frogs, birds and mammals directly in front of five fenced culvert locations and within 

100 m east and west of fence ends in June to September 2008, when no fences were present, and June to September 2010, with 

fences installed.   

 
Snakes Turtles Frogs Mammals 

 

Unfenced 
(2008) 

Fenced (2010) 
Unfenced 

(2008) 
Fenced (2010) 

Unfenced 
(2008) 

Fenced (2010) 
Unfenced 

(2008) 
Fenced (2010) 

 

Fence 
area 

100 m 
of fence 

ends 

Fence 
area 

100 m 
of fence 

ends 

Fence 
area 

100 m 
of fence 

ends 

Fence 
area 

100 m 
of fence 

ends 

Fence 
area 

100 m 
of fence 

ends 

Fence 
area 

100 m 
of fence 

ends 

Fence 
area 

100 m 
of fence 

ends 

Fence 
area 

100 m 
of fence 

ends 

Fence 
1 

0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 3 

Fence 
2 

1 2 1 1 1 0 0 1 102 133 42 62 0 1 0 1 

Fence 
3 

0 0 1 1 0 0 0 0 21 45 11 67 0 0 0 1 

Fence 
4 

1 0 0 0 0 0 0 0 10 18 4 2 0 0 1 0 

Fence 
5 

1 1 3 0 0 0 0 0 39 55 0 1 0 0 0 0 
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Table 3-3. Total road mortalities for snakes, turtles, frogs, birds and mammals from June to 

September 2008 and June to September 2010 on the 1000 Islands Parkway.  Road 

mortalities were counted within 100 m east and west of culverts with a grate treatment in 

2010.   

  Snakes Turtles Frogs Mammals 

  

Open 
culvert 
(2008) 

Grated 
culvert 
(2010) 

Open 
culvert 
(2008) 

Grated 
culvert 
(2010) 

Open 
culvert 
(2008) 

Grated 
culvert 
(2010) 

Open 
culvert 
(2008) 

Grated 
culvert 
(2010) 

Grate 1 0 2 1 1 21 103 1 0 

Grate 2 0 0 0 0 13 6 0 2 

Grate 3 1 3 0 0 67 104 1 0 

Grate 4 1 1 0 1 37 24 0 0 

Grate 5 1 1 0 3 9 26 0 0 

Grate 6 1 2 1 0 18 9 0 0 

Grate 7 0 0 0 0 39 25 0 4 

 

 

Table 3-4.  Wildlife images recorded at eight culverts under the 1000 Islands Parkway.   

  

Camera 
1* 

Camera 
2 

Camera 
3* 

Camera 
4 

Camera 
5 

Camera 
6* 

Camera 
7* 

Camera 
8 

Total 

Cat 0 0 0 0 0 8 3 0 11 

Chipmunk 0 0 14 0 6 4 1 0 25 

Deer 0 0 0 0 0 1 0 0 1 

Frog 0 0 0 0 0 1 1 1 3 

Mammal 0 0 1 2 3 1 0 0 7 

Mink 0 0 6 0 3 1 0 0 10 

Muskrat 0 0 0 0 3 1 0 0 4 

Porcupine 0 0 6 0 1 0 0 0 7 

Rabbit 0 0 0 0 0 4 9 3 16 

Raccoon 17 0 21 37 40 52 7 14 188 

Red fox 0 0 0 1 0 4 0 0 5 

Snake 0 0 0 0 0 0 0 1 1 

Squirrel 2 0 11 2 0 4 0 0 19 

Weasel 0 0 1 0 0 2 0 0 3 

Total pictures 9 0 52 37 46 75 21 14 254 

Total animals 19 0 60 42 56 83 21 19 300 

Species richness 2 0 7 4 6 12 5 4   

*Culverts with the fence treatment 
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3.5.3 Hot Spots 

Significant clustering of road mortality was found in all years of study at 100 m, 200 m, 500 m 

and 1000 m scales. Hot spots varied between years, though there were multiple overlapping road 

mortality hot spots for all taxonomic groups between the years of data collection.  The area near 

Thompson Bay (44.5078N, -75.9116W) was a hot spot for all herpetofauna.  Four snake road mortality 

hot spots were identified, two of 200 m and two of 400 m (Figure 3-3).  Eleven snake road mortality hot 

spots were identified that did not coincide with other years’ hot spots (Figure 3-2).  Turtle road mortalities 

were consistent between years, with hot spot clustering occurring in generally the same locations (Figure 

3-4).  Five turtle road mortality hot spots were found to be consistent between years, two of 200 m, two of 

400 m, and the longest hot spot of 600 m near Thompson Bay (Figure 3-5).   Frog road mortality was also 

relatively consistent between years, with more and longer hot spots than other taxonomic groups (Figure 

3-6 and Figure 3-7).  Bird road mortalities were consistently clustered over the four years of data 

collection (Figure 3-8).  Six hot spot locations overlapped between the years of data collection, between 

200 m and 600 m in length (Figure 3-9).  Finally, mammals showed relatively consistent clustering of 

road mortalities between years, though no more than two years overlapped for hot spots (Figure 3-10).  A 

total of four hot spot locations for overlapping road kills were found for mammals, one of 200 m, two of 

400 m, and one of 600 m (Figure 3-11).  
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Figure 3-2. Snake road mortality hot spots found in 2008, 2009, 2010 and 2011 on the 1000 Islands 

Parkway.  Circle size does not indicate size or intensity of hot spot.  

 

Figure 3-3. Snake road kill hot spots on the 1000 Islands Parkway, calculated by 200 m road 

segments where more than one hot spot overlapped between 2008, 2009, 2010, and 2011.   
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Figure 3-4. Turtle road mortality hot spots found in 2008, 2009, 2010 and 2011 on the 1000 Islands 

Parkway.  Circle size does not indicate size or intensity of hot spot.  

 

Figure 3-5. Turtle road kill hot spots on the 1000 Islands Parkway, calculated by 200 m road 

segments where more than one hot spot overlapped between 2008, 2009, 2010, and 2011.  
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Figure 3-6. Frog road mortality hot spots found in 2008, 2009, 2010 and 2011 on the 1000 Islands 

Parkway.  Circle size does not indicate size or intensity of hot spot.  

 

Figure 3-7. Frog road kill hot spots on the 1000 Islands Parkway, calculated by 200 m road 

segments where more than one hot spot overlapped between 2008, 2009, 2010, and 2011. 
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Figure 3-8. Bird road mortality hot spots found in 2008, 2009, 2010 and 2011 on the 1000 Islands 

Parkway.  Circle size does not indicate size or intensity of hot spot.  

 

Figure 3-9. Bird road kill hot spots on the 1000 Islands Parkway, calculated by 200 m road 

segments where more than one hot spot overlapped between 2008, 2009, 2010, and 2011.  
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Figure 3-10. Mammal road mortality hot spots found in 2008, 2009, 2010 and 2011 on the 1000 

Islands Parkway.  Circle size does not indicate size or intensity of hot spot.  

 

Figure 3-11. Mammal road kill hot spots on the 1000 Islands Parkway, calculated by 200 m road 

segments where more than one hot spot overlapped between 2008, 2009, 2010, and 2011.  
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3.6 Discussion 

3.6.1 Fence and Grate Effects 

 Existing drainage culverts have been used successfully by wildlife as road crossing structures, 

(Yanes et al., 1995; Clevenger and Waltho, 1999; Clevenger et al., 2001b), though effectiveness is still 

uncertain for amphibians and reptiles, which have been less studied than mammals (Dodd et al., 2004).  

Few studies of designed underpasses and barrier fences have included data from pre-treatment (but see 

Romin and Bissonette, 1996, Aresco, 2005a and Clevenger et al., 2001b).  The present study included 

pre-mitigation and post-mitigation data on wildlife road mortalities and tests a mitigation option for 

effectiveness without any permanent construction.  Unfortunately, no conclusions can be made regarding 

movement barrier fencing effects on snakes, turtles, birds and mammals due to the low sample size found 

near culvert treatments. The low density of road kills for snakes, turtles, mammals and birds in areas near 

culverts and grates may be a reflection of the depressed population sizes after years of road mortality, or 

may simply be a reflection of the lower risk of road mortality in areas near culvert treatments.  A more 

robust dataset may have revealed greater numbers of kills near culvert treatments, but given the low 

numbers found in 2008 and 2010, a decade or more of data would be required.  The indeterminate results 

of culvert use and fencing effectiveness in the present study may be attributed to the relatively short fence 

length of 180 m to guide wildlife to drainage culverts.  Gunson (2010) recommended that fencing 

adjacent to herpetofauna tunnels extend 200 to 500 m to mitigate road mortalities in and around Bruce 

Peninsula National Park.  Aresco (2005a) installed fences on two road portions of 600 m and 700 m to 

find turtle road mortality decrease.  The 180 m fence length employed in the present study accommodated 

intersecting roads and driveways and was appropriate for financial and time constraints.  However, a 

longer fence may have produced more conclusive results as most turtle species are willing and able to 
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travel > 1 km over land (Harding, 1997).  The fence and grate treatments were not expected to have much 

impact on birds, as the majority of species found DOR would fly over the road, not cross on land. 

There was no significant difference in frog road mortality when grates or fences were present or 

absent, indicating that existing drainage culverts are not used as crossing structures.  This was supported 

by the lack of frog images captured by motion sensor digital cameras.  Of the taxonomic groups 

considered in the present study, frogs were the most likely to show an effect from culvert treatments, as 

they have the lowest vagility of the taxa considered in the study area (Harding, 1997) and are therefore 

least able to move around and cross roads. The lack of significant effect on frog road mortality suggests 

that drainage culverts with movement barrier fencing would be ineffective at decreasing turtle or snake 

road mortality as well.  Culverts may have been too small to appeal to wildlife, as many of the drainage 

culverts under the Parkway have sediment depositions, or the drainage culverts may not have been in the 

most appropriate locations.  In this study, locations for fence installation were limited by locations of 

existing culverts and also by the number of driveways and intersecting roads.  There were few locations 

available where no driveway or intersecting road was found within 100 m of a culvert.   

3.6.2 Motion Sensor Digital Camera Images 

The motion sensor digital cameras captured fewer images of herpetofauna than anticipated.  The 

low number of individual animals captured in camera images at culverts could be because wildlife did not 

use culverts frequently or because of technical limitations of the cameras.  Amphibians and reptiles may 

be too slow moving to trigger the motion sensor on the camera.  Indeed, the images of frogs captured by 

the cameras show one individual unmoving for hours in the same location.  Vegetation may have blocked 

small fauna movement between the camera and the culvert.  Though vegetation was cleared from the 

mouth of the culvert to enhance visibility of small animals on the cameras, the lack of foliage may have 

deterred some animals using the culvert (Rodriguez et al., 1996).  In places where complete vegetation 
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removal was unfeasible, frogs and snakes may have been camouflaged and missed by cameras. Some 

wildlife activity at culverts may have been missed by the cameras when they were knocked askew within 

their safety cases, changing the camera angle to one without a clear line of sight to the culvert opening. 

The mammal-biased results for culvert use are consistent with other studies.  Austin and Garland 

(2001) found a limited variety of species that used a wildlife underpass in Vermont, with raccoons and 

mink being the most common of four species to use the culvert.   

Images of an animal at the mouth of a culvert did not necessarily indicate the culvert was used as 

a passage.  For example, one motion sensor camera was set to capture video instead of photo images.  It 

captured footage of a porcupine approaching a culvert mouth, and retreating again from the culvert, 

before approaching and retreating another time.  If the camera had been in photograph mode, images of 

the porcupine would have been captured and assumed that it entered the culvert, when the video showed it 

did not.  Images captured by the cameras also do not indicate how many unique individuals use the 

culverts.   

Other studies have had success with track pads for recording wildlife in culverts (Kucera and 

Barrett, 1993; Rodriguez et al., 1996), but these can only be used with dry culverts, of which there were 

few in the study area and which would be of dubious appeal to herpetofauna.  Testing the cameras with 

wild caught individuals or a plausible substitute may be a way to better ensure low image captures were 

from an absence, not due to technical reasons. 

3.6.3 Wildlife Road Mortality Hot Spots 

Road mortality mitigation techniques are most effective when applied to areas most requiring 

mitigation, i.e. hot spots.  Langen et al. (2009) found a one-time survey could provide enough information 

to reveal amphibian and reptile hot spots, which were consistent over time.  Variables associated with 

wildlife road mortality may vary between years and seasons, so multi-year studies best show spatial and 
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temporal patterns for wildlife road mortality.  One or two years of wildlife road mortality data may not 

accurately capture temporal and spatial patterns, which would leave managers to make decisions on 

mitigation without complete knowledge (Clevenger et al., 2001b; Hardy et al., 2003).  The results from 

this study highlight the need for multi-year data sets when possible.  Hot spots were relatively consistent 

between years, however, so conducting studies that cover the entire active season is preferable, or failing 

that, finding hot spots can be done if surveys are conducted during the peak season of road mortality.  

In spite of varying survey time frames, significant road mortality clusters were found in all years 

of study for all taxonomic groups.  However, some variation between years was found.  The 2008 road 

mortality data on the 1000 Islands Parkway was used by Eberhardt (2009) to find hot spots for road 

mortality.  The worst spots for wildlife road kills in 2008 were consistent with the analysis in the present 

study combining 2008, 2009, 2010 and 2011 with few exceptions.  There were three hot spots identified 

in 2008 for snakes, one for turtles, and one for frogs that were not significant clusters of road mortality in 

other years.  Further, one road mortality hot spot was not found to be a significant location for snake road 

mortalities and two for frogs in 2008 that were identified as hot spots by two or more other years of data 

collection.  Multiple years of road mortality data show more accurately where the locations of greatest 

concern are for turtles, which will provide more accurate locations for mitigation.  

Road mortality hot spots are linked to suitable wildlife habitat (Tanner and Perry, 2007; Gomes et 

al., 2009; Langen et al., 2009; Cureton and Deaton, 2012).  Eberhardt (2009) found turtle road mortality 

on the 1000 Islands Parkway was positively correlated with wetlands, while other taxonomic groups did 

not display similar simple landscape relationships. Langen et al. (2009) measured the relationship 

between herpetofauna road mortality hot spots in relation to land cover, wetland configuration, and traffic 

volume, and found amphibian and reptile road mortality hot spots overlapped one another, and were 

correlated with wetland proximity. 
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Wildlife road mortality hot spots on the 1000 Islands Parkway showed significant clustering for 

all taxonomic groups and in all years of data collection, though the hot spots identified in one given year 

was not necessarily spatially coincident with a hot spot found in other years.  The factors related to 

wildlife road mortality may not simply be linked to landscape variables. 

3.7 Recommendations and Conclusion  

Wildlife movement barrier fences are not practical for the 1000 Islands Parkway due to the highly 

perforated nature of the driveways and intersecting roads along the Parkway.  Only two drainage culverts 

were found in turtle road mortality hot spots that were also a minimum of 200 m away from driveways or 

other roads (Figure 3-12).   

 

Figure 3-12. Turtle road mortality hot spot at Thompson Bay with location of open culverts.   
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The use of cautionary road signage is generally ineffective, possibly due to driver habituation 

(Putman 1997; Tanner and Perry, 2007; Beaudry et al., 2010). Turtle crossing signs exist on the Parkway, 

though no pre- or post-mitigation monitoring was conducted.  Forcing reduced driver speed through speed 

bumps or rumble strips is more effective than suggesting reduced speeds, as with speed limit signs 

postings and crossing signs (Carr et al., 2002).  Turtle road mortality hot spots on the 1000 Islands 

Parkway are relatively small, making them manageable for temporary measures such as speed bumps and 

signage that can be removed during less active times of year.  Studies on mitigation techniques should 

continue on the Parkway, with culvert effectiveness testing at the open culverts in the turtle road mortality 

hot spot at Thompson Bay with a fence of 400 m or more, or with speed bumps.  Pursuing the use of 

drainage culverts as mitigation tools on the 1000 Islands Parkway will require more careful selection of 

treatment culverts, within hot spots as identified by the present study.  The area of road with densest turtle 

road mortality is also a location with significant snake and frog road mortalities, and should be the first 

area to undergo mitigation efforts.   

The fences installed for my study had no effect on frog road mortality, and the number of snakes, 

turtles, birds and mammals killed in the vicinity of fenced culverts was too small to draw any conclusions 

regarding effect.  Culvert use by wildlife as crossing structures is also unclear, though the culvert grate 

treatment and motion sensor camera results suggest that culverts are not used by wildlife, except for 

mammals, and raccoons in particular.  All wildlife clustered significantly for all years of data collection 

on the Parkway.  These areas can be used as target zones for future wildlife road mortality research or 

mitigation efforts.  

Future studies on wildlife road mortality and culvert use for mitigation should consider using 

motion sensor digital cameras on video to confirm culvert use, and not simply to show the range of 

wildlife that approach culvert openings.  Mitigation tools should be tested in identified hot spots, as close 
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to the densest area as possible given crossing structure locations.  One of the culverts selected for fencing 

in my study did not coincide with a hot spot, and thus produced little to no information on wildlife road 

mortalities in its vicinity.  Ideally, culverts of varying size and length would be used to test for wildlife 

preferences in crossing structure features, but that variety was not available on the 1000 Islands Parkway. 
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Chapter 4 

Conclusion and Recommendations 

4.1 Introduction 

Habitat fragmentation is considered one of the greatest threats to biodiversity (Saunders et al., 

1991; Government of Ontario, 2005).  Roads fragment landscapes, isolating populations from necessary 

habitats and from one another, which may reduce genetic diversity (Andrews, 1990; Forman and 

Alexander, 1998; Ferreras, 2001) and increase the risk of extirpations and extinctions for some wildlife 

populations (Saunders et al., 1991; Cooper and Walters, 2002).  This is particularly true for amphibians 

and reptiles, which are declining worldwide and are also highly susceptible to road mortality due to life 

history characteristics (Ashley and Robinson, 1996; Carr and Fahrig, 2001; Gibbs and Shriver, 2002).  

After habitat loss, road mortality is commonly listed as the greatest threat to turtle and snake species at 

risk in Ontario (COSEWIC, 2005, 2008).  Turtles are particularly susceptible to road mortality, as most 

species have low recruitment and late age of maturity.  High rates of egg and juvenile mortality occur for 

many Ontario turtle species, and the loss of adults from the population due to traffic is likely to have long-

term repercussions for population stability (Congdon et al., 2003; Gibbs and Shriver, 2002). Efforts to 

understand and mitigate reptile road mortality are therefore necessary to preserve these species. 

4.2 Purpose and Need for Study 

The overall goal of this study was three-fold: 1) to seasonally analyse and explain wildlife road 

mortality; 2) to examine drainage culvert use by wildlife and drainage culvert effectiveness at reducing 

wildlife road mortality when paired with movement barrier fencing; and 3) to provide recommendations 

for reducing wildlife road mortality on the 1000 Islands Parkway.  The objectives were to determine the 

location, timing and magnitude of road mortality for five taxonomic groups on the 1000 Islands Parkway, 
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and to provide estimates of mortality for reptile species.  The study also aimed to explain temporal peaks 

of road mortality in terms of traffic and weather, and to locate wildlife road mortality hot spots on the 

1000 Islands Parkway.  Understanding the specific characteristics of wildlife road mortality in the area is 

necessary to guide effective and efficient mitigation strategies.   

The 1000 Islands Parkway is an important area in which to study wildlife road mortality due to its 

location within St. Lawrence Islands National Park and the Adirondack to Algonquin conservation 

corridor.  It lies within an area of high biodiversity, with three of nine snake species and four of five turtle 

species found in the area federally designated species at risk. The Adirondack to Algonquin conservation 

corridor is an important biodiversity corridor north to south through similar geology and landforms, 

linking the boreal region of Algonquin Provincial Park to the Carolinian region of Adirondack State Park.  

It is also an east-west biodiversity corridor via the St. Lawrence River and the thousand islands.  Further, 

high amphibian and reptile road mortality has been associated with roads that bisect wetlands or open 

water (Aresco, 2004; Forman et al., 2003), which occurs along the Parkway, as it follows the north shore 

of the St. Lawrence River between Gananoque and Brockville in south eastern Ontario.   

Knowledge of the concentrated locations of road kills, or hot spots, and peak times of road kills, 

as well as the factors influencing these, is vital to develop effective management strategies. My research 

builds on the first wildlife road mortality research conducted on the 1000 Islands Parkway by Eberhardt 

(2009) beginning in 2008 on locations of wildlife hot spots and relationships with other variables.  Work 

continued in 2009 with a study on amphibian use of drainage culverts with silt fences (Cunnington, pers. 

comm., 2010).  I analysed the demographic features of turtle road mortality; conducted a temporal 

analysis of wildlife road mortalities; examined the effect of temporary barrier fencing with culverts on 

snake, turtle, bird and mammal road mortality; and also contributed two additional years of data to 

examine the spatial patterns of wildlife road mortality over time.  



 

73 

 

In studies that include multiple wildlife taxa, amphibians often have the highest mortality.  For 

example, Ashley and Robinson (1996) found 92.1% of the total road kill on the Long Point Causeway 

were amphibians, with 2.7% reptiles, 4.3% birds, and 0.9% mammals.  Similarly, the present study found 

amphibians accounting for 89% of all road kills and reptiles accounting for 5%.   

Characterizing the age, sex, and species of animals killed on roads provides a clearer 

understanding of the potential impacts of road mortality.  On the 1000 Islands Parkway, an estimated 117 

adult turtles (of which 90 were female) and 50 immature turtles were killed annually.  Juveniles of most 

amphibian and reptile species have a low probability of reaching maturity naturally, but additional losses 

of young individuals may have population consequences (Semlitsch, 2000; Hels and Nachman, 2002).  

Snake road kills are generally comprised of a greater proportion of neonates than mature adults (e.g. 

Bonnet et al., 1999; Enge and Wood, 2002; Shepard et al., 2008; DeGregorio et al., 2010).  However, no 

previous studies reported adult and juvenile turtles found dead on the road.  The absence of these data 

could be because studies are typically conducted by vehicle, and smaller, juvenile turtles would be easily 

missed.  For example, motorists travelling 20 km/h were able to accurately see an adult Blanding’s turtle 

model on the road over 90% of the time, while hatchling models were seen less than 50% of the time 

(Reed, 2008).   

No information on population size or density is available for the species found in the area of the 

1000 Islands Parkway.  These data are important to accurately quantify the magnitude of road mortality 

for wildlife (Ferreras, 2001; Boyce et al., 2002; Hardy et al., 2003).  Future work should include 

population monitoring to inform priorities for crossing structures and provide a baseline for tracking 

population trends.   

The high proportional loss of adult turtles found in this study (71% of all turtle road kills) 

indicates that road mortality is removing mature individuals from populations at a rate that is unnaturally 
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high and unsustainable for long-term population viability.  Studies on turtle road mortality have found 

female bias in turtle road mortality and male bias in freshwater turtle populations (e.g. Steen and Gibbs, 

2004; Aresco, 2005b; Gibbs and Steen, 2005; Steen et al., 2006). The present study was consistent with 

these previous studies, with 77% of adult turtles identified as female.   

Wildlife road mortality studies consistently show temporal peaks (Semlitsch, 2000; Shepard et 

al., 2008; DeGregorio et al., 2010), indicating that wildlife movements associated with life cycle 

characteristics influence wildlife road mortality.  I found clear temporal clustering for frog, snake, turtle, 

bird and mammal road mortality (Figure 4-1).  Seasonality was the most important variable in explaining 

wildlife road mortality in a multivariate regression tree analysis.   

 

Table 4-1. Monthly summary of road mortality kills.  The width of the line shows the proportional 

number of kills per survey in one month of the study period.   

 
April May June July August September October 

         

Snakes 
 

 

              

Turtles 

 

 
 

      

        Frogs 
       

        Birds 
       

        Mammals 
        

 

The key factors contributing to wildlife road mortality are not yet clear.  Vehicle speed and traffic 

volume have been found to be the most important factors in explaining wildlife road mortality (e.g. Fahrig 

et al., 1995; Inbar and Mayer, 1999; Trombulak and Frissell, 2000; Joyce and Mahoney, 2001).  

However, Langen et al. (2009) found that of wetlands, traffic volume, and land cover, the most valid 
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predictor of herpetofauna road mortality was wetland proximity to roads.  Clevenger et al. (2003) found 

roadside topography to be an important variable in predicting road mortality, while traffic volume was 

not.  Dodd et al. (1989) found no relationship between traffic volume, daily rainfall, minimum or 

maximum temperature, and the number of reptiles found dead on the road.  Similarly, Enge and Wood 

(2002) found no correlation between snake road mortality and traffic volume.  DeGregorio et al. (2010) 

suggest that life history characteristics of the wildlife are more important in explaining road mortality 

than vehicular traffic.   

The present study used regression tree analysis to determine the relative contributions of day of 

year, temperature, precipitation and traffic on wildlife road mortality. Time of year was found to be the 

best explanatory variable for wildlife road mortality, which is consistent with other studies (e.g. Shephard, 

2008; DeGregorio et al., 2010).  The relative importance of traffic, seasonal migratory behaviours, 

precipitation and temperature in influencing road mortality should be examined on a case-by-case basis to 

best inform decisions on mitigation options. Traffic had no effect on turtle, frog, bird, or mammal road 

mortality.  Traffic had a negative relationship with snake mortality in the study area. Precipitation did not 

significantly influence wildlife road mortalities, though peaks in frog road kills were observed after warm, 

wet nights.  Minimum daily temperature was the best predictor of the external environmental factors 

assessed in the present study.   

Understanding the influences of climate on wildlife movement may be important in predicting the 

impacts of climate change on wildlife populations, particularly for ectothermic herpetofauna which are 

more likely to be influenced by external factors related to moisture and temperature.  If climate change 

causes warmer weather, it may follow that there will be increased movements of herpetofauna, putting 

them at greater risk of wildlife-vehicle collisions. 
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Because of the high cost of constructing and maintaining crossing structures (Mata et al., 2005), a 

thorough understanding of mitigation effectiveness and placement opportunities required to maximize the 

effectiveness of mitigation plans.  In this study, wildlife road mortality data were collected on the 1000 

Islands Parkway with drainage culvert treatments of barrier fencing to reduce wildlife road mortality, and 

using grates for culvert openings and cameras to measure culvert use.  Data were collected with these 

treatments (2010) and without (2008 and 2011) for comparison values.  

Due to small sample size for turtles and snakes found near culvert treatments, no conclusions 

could be made about the effects of fences, grates, or culvert use for reptiles.  There was no significant 

difference in frog road mortalities in front of culverts with the fence or grate treatment.  It is possible that 

the fences were too short to adequately test for effects.  Comparing the magnitude of road mortality 

between geographic areas and studies is complicated by population size, road length, landscape type, 

species’ behavioural differences, survey effort and time frame, and survey transportation.  Determining 

how much road kill is acceptable must be done at a site level.  This is no easy task, as road kill seems to 

be inevitable and ubiquitous, but decision makers and mangers of roads and adjacent lands must form 

their opinions using the values and priorities relevant to their landscapes, management plans, and 

financial resources.   

Significant clustering of road mortality was found for all five taxonomic groups in all years of 

study.  Though some differences were found in locations of hot spots between years, overlapping 

locations were found consistently as well for snakes, turtles, frogs, birds and mammals (Figure 4-1). 
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Figure 4-1. Common wildlife road mortality hot spots on the 1000 Islands Parkway for all 

taxonomic groups using hot spots identified in multiple years among 2008-2011. 

 

4.3 Mitigation Options on the 1000 Islands Parkway 

A variety of mitigation options could be implemented to reduce wildlife road mortality; 

considerations include cost, geography, effectiveness, public acceptance, maintenance and need.  

Conclusive information on the effect of mitigation measures on roads in North America is limited 

(Clevenger and Waltho, 2000; Evink, 2002; Forman et al., 2003).  The following section provides an 

assessment of the various measures which could be implemented to reduce wildlife road mortality 

mitigation on the 1000 Islands Parkway, with particular emphasis on turtle road mortality mitigation.  
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4.4 Recommendations 

4.4.1  Option 1: Road Closure and Land Use Planning 

Closing roads that experience high wildlife road mortality during key migration periods is not a 

feasible option for the 1000 Islands Parkway as residents need regular access to their homes, and local 

businesses would suffer.  Sections of the Parkway could potentially be closed and traffic redirected to 

alternate routes.  However, the peak movement season for turtles is sufficiently long (May 16 to June 15) 

to make this option a challenge for public acceptance. 

There are few areas on the 1000 Islands Parkway that are of sufficient length to support wildlife 

movement barrier fencing.  Remaining areas of undeveloped land adjacent to the Parkway of 400 m or 

greater that do not coincide with intersecting roads or driveways should be maintained to preserve options 

for future mitigation fencing, particularly in hot spots.  Any future construction projects should require 

access points to the 1000 Islands Parkway to meet up with existing driveways along a gravel road parallel 

to the Parkway.  A secondary gravel road already exists on the north side of the Parkway.  Limiting 

access this way would decrease the number of intersecting roads and driveways and provide greater 

geographical flexibility for mitigation measures in the future. 

4.4.2 Option 2: Fencing 

Barrier fencing is used to prevent wildlife from entering roadways, thus decreasing wildlife road 

mortality.  However, it can also isolate populations, possibly affecting population viability (Carr et al., 

2002; Jaegar and Fahrig, 2004). The location of the 1000 Islands Parkway adjacent to the St. Lawrence 

River would affect amphibian and reptile populations which require access to both the wetlands along the 

river south of the road and the terrestrial habitats north of the road.  The number of intersecting driveways 

and roads would render barrier fencing ineffective at blocking wildlife from entering roadways and 

impractical.  Further, the Parkway was created to provide an aesthetic view of the St. Lawrence River.  



 

79 

 

Local residents and tourists may not support barrier fencing if it affected the aesthetic appeal of the 

Parkway.  Therefore,  I do not recommend that the 1000 Islands Parkway install complete barrier fencing.   

4.4.3 Option 3: Overpasses 

Overpasses may be more popular by wildlife as crossing structures than underpasses, as they are 

quieter and more open with ambient light and weather conditions, and often maintain more natural 

conditions through soil and vegetation (Jackson and Griffin, 1998).  Overpasses are generally only 

installed when the species of concern is large-bodied and cannot or will not use underpasses, as 

overpasses are expensive; overpasses across Highway 1A in Banff National Park were over $1.85 million 

each (Bissonette and Cramer, 2008).  Roadside fences to block wildlife from entering roadways and guide 

them toward crossing structures improves the use of those structures, and are almost always installed in 

tandem to increase effectiveness (Foster and Humphrey, 1995; Putman, 1997; Jackson and Griffin, 1998; 

Clevenger et al., 2001b; Cain et al., 2003).  It may be difficult to install 200 to 500 m of fencing adjacent 

to underpasses in order to most effectively guide turtles, snakes and frogs to crossing structures, as 

driveways and intersecting roads are spaced relatively closely together on the Parkway.  Smaller wildlife 

use of overpasses has not been explicitly studied, but there is evidence that snake and anuran species 

tended to avoid overpasses (Mata et al., 2003).  While overpasses may be a viable option for providing 

access to both sides of the road for turtles and other wildlife, other options with lower cost requirements 

should be explored first. 

4.4.4 Option 4: Wildlife-designed Underpasses 

Underpasses designed for wildlife have been installed in many places, in the form of tunnels or 

culverts.  The installation of road underpasses designed for wildlife crossing is one of the most popular 

mitigation methods, and is often reported as having high effectiveness (Evink, 2002; Dodd et al., 2004; 

Aresco, 2005a).  As with overpasses, fencing to guide wildlife to underpasses and block them from 
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entering roadways improves efficacy.  There are few stretches of the 1000 Islands Parkway suitable for 

fences of more than 200 m in length.  This mitigation option requires more thought into how fences could 

practically be installed in hot spots on the 1000 Islands Parkway, before finding the financial resources to 

install underpasses designed for wildlife movement. 

Ideally, multiple underpasses of varying sizes would be installed to appeal to different species 

(Clevenger et al., 2001a; Carr et al., 2002).  Aresco (2003) suggested that underpasses for turtles be 

installed at 200 to 300 m intervals to effectively reduce turtle road mortality in Florida.    

The best potential locations for turtle underpasses on the 1000 Islands Parkway would coincide 

with hot spots.  I recommend the area near Thompson Bay (44.5078N, -75.9116N) because it is the 

longest turtle hot spot found on the Parkway and it coincides with hot spots for snakes and frogs as well.  

Further, it is in the location of the only open culvert under the Parkway that occurs at a hot spot for frog 

and turtle road mortality, and covers an area of road of approximately 1.5 km without any intersecting 

roads or driveways.   

4.4.5 Option 5: Drainage Culverts 

Drainage culverts are road features found commonly under roads in Ontario for water movement.  

They are not designed for wildlife crossing, but may be used by some animals as crossing structures.  

Some studies have shown that a variety of wildlife species use drainage culverts for passage (e.g. Yanes 

et al., 1995; Rodriguez et al., 1996; Mata et al., 2005), though most of these studies report that mammals 

are more likely to use drainage culverts than other fauna.  Information on the factors that are important in 

determining culvert use for different species or taxa is limited (Foster and Humphrey, 1995; Yanes et al., 

1995; Clevenger and Waltho, 2000), making drainage culverts of questionable use as mitigation crossing 

structures. Few studies have explicitly studied the preferences of north eastern North America’s 

amphibians and reptiles, so the specific variables that should be incorporated into tunnel, culvert, or other 
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ecopassage design are not well understood (but see Woltz et al., 2008).  Underpass variables that have 

been shown to influence use include size and openness, location, substrate, vegetation presence at 

underpass openings, air moisture, wetness, temperature, and light (Jackson and Tyning, 1989; Langton, 

1989; Podloucky, 1989; Foster and Humphrey, 1995; Yanes et al., 1995; Jackson, 1996; Rodriguez et al., 

1996; Lesbarrères et al., 2004; Clevenger and Waltho, 2000; Clevenger and Waltho, 2005).   

I also found that mammal species made use of some culverts, though culvert usage was not equal 

among drainage culverts.  No frogs, snakes, or turtles were captured in motion sensor camera images to 

suggest use of drainage culverts for crossing.  

Location is of primary importance for success of crossing structures, particularly for less mobile 

species such as amphibians and reptiles (Podloucky, 1989; Foster and Humphrey, 1995; Yanes et al., 

1995; Rodriguez et al., 1996; Clevenger and Waltho, 2000; Jackson and Griffin, 1998).  Drainage culverts 

may not be located in hot spots of wildlife road mortality, rendering them ineffective as mitigation tools.  

Drainage culverts also may not be able to accommodate other potentially important variables to 

encourage wildlife use, such as size, moisture, location, and temperature.  

While the present study aimed to answer the question of whether amphibians and reptiles would 

use drainage culverts under the 1000 Islands Parkway as passages and therein reduce road kills, the 

results were inconclusive.  I do not recommend pursuing existing drainage culverts as crossing structures 

for wildlife at this time, as culverts are not heavily used by wildlife, and fencing would be necessary to 

promote use and it is challenging to find appropriate areas in hot spots where an adequate length of 

fencing could be installed.   

The potential for drainage culvert use by wildlife on the 1000 Islands Parkway may have been 

limited by the amount of space available in culverts.  Many passages had a low openness index, and 

therefore little light permeability, which may have been a limiting factor in wildlife crossings (see 
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Appendix A).  Regular maintenance of drainage culverts may improve their use by wildlife and their 

effectiveness as drainage mechanisms.  However, the results of this study do not indicate that the more 

open culverts had a great deal of use.   

4.4.6 Option 6: Speed Bumps and Rumble Strips 

Temporary speed bumps are commonly used in road construction as a traffic calming measure.  

The use of these speed bumps could be useful in targeting specific times of year for a species movement.  

Speed bump installation is an inexpensive mitigation option compared with tunnel construction and 

installation (Gunson, 2010).  Speed bumps should be installed with signage to improve driver awareness 

of the reason for speed bumps and to encourage avoidance if turtles and snakes on the road.  Driver speed 

was significantly reduced with the installation of speed limit signs and speed bumps (Reed, 2008).  A 

potential downside to slowed driver speeds is the higher potential for intentional wildlife-vehicle 

collisions.  For example, Ashley et al. (2007) found about 2.7% of drivers would intentionally hit reptiles 

on the road.  This may be particularly true on the 1000 Islands Parkway if users are not familiar with or in 

agreement with the need for reduced speeds in turtle road mortality hot spots. St. Lawrence Islands 

National Park has promoted awareness of turtle and snake species for years.  It is likely that most 

Parkway residents are aware that turtles are killed on roads, so the initial groundwork in public outreach 

and education on the need for speed bumps has been accomplished.   

Speed bumps should be installed on the 1000 Islands Parkway to help reduce wildlife road 

mortality in locations identified in this thesis as hot spots (see Figure 3-5) on a trial basis.  Speed bumps 

can be tested on a temporary basis for effectiveness using construction speed bumps than can be removed, 

preventing Parkway managers from committing to a mitigation plan of unknown effectiveness.  

Temporary speed bumps should be installed during June, when turtle road mortality is highest.  Public 

consultation and monitoring should accompany the planning process.  If speed bumps are effective and 
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public acceptance is positive, the number of hot spots with speed bumps could be increased or time of 

year for installation could be extended, i.e. mid-May to end of June.  The results of the speed bumps in 

the densest area of road kills near Thompson Bay may inform whether speed bumps should be installed in 

other hot spots, or for a longer period of time (i.e. May to July).    

4.4.7 Option 7: Driver Awareness and Education 

The effectiveness of signage at reducing road mortalities is unclear, as follow-up studies 

regarding effects on driver behavior or wildlife road mortality after the installation of signs are rare 

(Evink, 2002).  Some studies that have tested signage effect found the change in driver behavior 

significantly decreased after the first year of installation, possibly due to driver habituation (Putman 1997; 

Tanner and Perry, 2007; Beaudry et al., 2010).  Four turtle crossing signs were installed at two locations 

on the 1000 Islands Parkway in 2005.  In addition, vehicles belonging to St. Lawrence Islands National 

Park were decorated with messaging related to turtle and snake road mortality to further enforce and 

spread public awareness.  Unfortunately, the turtle road crossing signs were stolen multiple times and 

only two remain (Bellemore, pers. comm., 2011).  I do not recommend additional wildlife crossing signs 

be installed on the 1000 Islands Parkway, unless they accompany a structural mitigation measure because 

of their uncertain effectiveness.  Public outreach and education should accompany all structural mitigation 

measures to improve awareness and hopefully acceptance, regardless of direct effect on driver behavior 

(Gunson, 2010).  It may be worthwhile to install a flashing light on the existing turtle road crossing signs 

to flash only during the active season for turtles.  This is a technique used for deer crossing signs in 

various locations.  If installed, driver speeds in areas of the wildlife crossing signs should be monitored to 

measure effectiveness.  Driver awareness of hot spots could be improved by delineating turtle crossing 

areas with paint on the outer edges of the road to provide a clearer idea for motorists of key areas to watch 

for crossing wildlife (Reed, 2008).   
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4.4.8 Option 8: Monitoring and Research 

Adaptive environmental management is an iterative process that is increasingly used in the 

management of human-ecological systems. Monitoring is a necessary component of adaptive 

management, as it provides information for improved decision making. Monitoring could therefore 

contribute to the road mortality mitigation process if is implemented through an adaptive approach with 

appropriate feedbacks between monitoring, planning, and decision making.  It is important that mitigation 

plans and techniques are evaluated to provide clearer understanding of effectiveness.  For example, 

culverts may be monitored by the use of track beds (e.g. Rodriguez et al., 1996) or cameras (e.g. Austin 

and Garland, 2001; Evink, 2002; Ford et al., 2009). 

Track beds are cost effective (Yanes et al. 1995) and can differentiate between many species by 

tracks (Rodriguez et al., 1996; Mata et al., 2005; Grilo et al., 2008).  Separating information on age 

classes or sex is not possible using tracks, and they may not provide an accurate count of the number of 

individuals using culverts, as some tracks may be covered up or leave an insignificant impression, or an 

individual approaching a culvert and retreating would appear as two individuals.  Much of the 

effectiveness of using track beds is dependent on external factors such as wind and rain to make and 

preserve clear impressions (Mateus et al., 2011).  Culverts must be dry to use track beds, which is not the 

case for the majority of drainage culverts under the Parkway.   

Motion sensor digital cameras were used in the present study to find wildlife use of drainage 

culverts under the 1000 Islands Parkway.  Reliability of the cameras may be questionable; in particular, 

motion sensor cameras often do not capture small animals or very quick-moving individuals (Jackson, 

1999).  Positioning is very important for cameras in capturing wildlife use of culverts.  This may be 

difficult to manage, while also locking cameras in place to protect against vandalism.  Further, images of 

wildlife approaching culverts may not necessarily indicate use of the culvert for road crossing.   
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Video recordings at culvert openings provide information on species presence and behaviours 

while using culverts (Gordon and Anderson, 2003; Hardy et al., 2003).   Drawbacks to video camera use 

are the high cost (Kinley et al., 2003), high maintenance, susceptibility to vandalism (Stewart et al., 1997; 

Mateus et al., 2011), and that some camera models may miss smaller individuals or species (Jackson, 

1999).  Video data are also time intensive to analyse.   

To help better understand the effect and success of various mitigation measures, monitoring 

should be conducted before and after installation (Hardy et al., 2003; Glista et al., 2009).  Understanding 

the characteristics of wildlife killed on roads, including when are where they are likely to be killed, will 

help inform effective management plans for mitigation.  Wildlife road mortality follows predictable 

patterns, allowing future monitoring and mitigation efforts to be targeted for specific taxa or species, 

increasing efficient resource allocation. 

More work is needed to determine the variables important to amphibian and reptile use of 

culverts in north eastern North America, and to determine the effectiveness of various mitigation 

measures.  Little is known about the effects of speed reduction, road signs, and public education on turtle 

road mortality, in spite of these being common goals of mitigation (Jackson & Griffin, 2000; Forman et 

al., 2003; Aresco, 2005a; Ashley et al., 2007).  At present, turtle and snake use of drainage culverts on the 

1000 Islands Parkway is unclear. 

4.5 Summary of Mitigation Recommendations 

1) Install road underpasses of varying sizes designed for wildlife movement at Thompson Bay to 

reduce wildlife vehicle mortality, particularly for herpetofauna, in combination with at least 400 

m of movement barrier fencing (200 m from the underpasses in each direction).  With the 

acknowledgement that a wildlife underpass requires financial resources and time to plan before 

implementation, alternative mitigation options should be explored.  Thompson Bay should be 
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targeted for mitigation, by installing speed bumps in turtle road mortality hot spots, or by 

conducting another study on fencing effects with drainage culverts using the culverts identified in 

Figure 3-12, with 400 m of movement barrier fencing.  Monitoring of road mortality in the area 

of mitigation measures, as well as at other hot spot locations, should continue to assess the 

efficacy of mitigation. 

2) Conduct studies on the population size of turtle and snake species in the area of the Parkway to 

provide an estimate of the impact of road mortality losses on population viability.  

3) Conduct surveys of residents and regular Parkway users’ awareness of turtle risk of road 

mortality, time of year of greatest risk, and what they can do to help (i.e. slow down, move a 

turtle to cross the road in the direction it is going).  Understanding the level of support and 

knowledge regarding mitigation turtle road mortality may help inform which mitigation option to 

pursue or where more awareness is needed to increase the probability of success for mitigation 

plans. 

4.6 Conclusion  

Mitigating wildlife road mortality is becoming a common concern for land managers.  Studies to 

determine the time and locations of road kills are necessary to most effectively reduce wildlife road 

mortalities, and research on the effectiveness of mitigation measures is critical to help guide future work.  

My research identified the hot spots of road mortality for five taxa on the 1000 Islands Parkway.  The 

peak times of road mortality were also identified, so that mitigation or future research can be planned for 

periods when road mortalities are highest.  Though the culvert use study was not conclusive for turtles 

and snakes, the present study implied that frog road mortality did not change significantly with culvert 

blockage or with fences to guide frogs toward drainage culverts.  It may therefore be unlikely that the 

culverts under the Parkway in their present condition are useful for mitigation; however, results may have 
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been more informative with multiple years of data, and with a longer fence to guide wildlife.  Pursuing 

other mitigation efforts and continuing monitoring will reveal the best options to reduce turtle, snake, 

frogs, bird and mammal road mortality on the 1000 Islands Parkway and help preserve the biodiversity of 

the region. 
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Appendix A 

Table A-1. Culvert feature variables recorded at five fence treatment culverts, five grate treatment 

culverts, and ten reference culverts on the 1000 Islands Parkway.  

 

 

Treatment 
Avg Culvert 

Width 
Avg Culvert 

Height 
Openness index 

Water in 
Culvert 

 
(north and south 

sides) 
(north and south 

sides) 
Width x Height / 

Length  

Fence 1 120 140 5.60 no 

Fence 2 121 88.5 3.57 yes 

Fence 3 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

120 
36 1.44 yes 

Fence 4 120 168 6.72 yes 

Fence 5 120 60 2.40 yes 

Grate 3 94.5 42 1.32 yes 

Grate 4 120 69 2.76 no 

Grate 5 120 89.5 3.58 no 

Grate 6 120 56.5 2.26 no 

Grate 7 120 86 3.44 yes 

Reference 160 110 5.87 yes 

Reference 125 66.5 2.77 yes 

Reference 122.5 166.5 6.80 yes 

Reference 118 140 5.51 yes 

Reference 120 92 3.68 north side only 

Reference 120 89.5 3.58 yes 

Reference 90 30.5 0.92 yes 

Reference 90 30.5 0.92 no 

Reference 120 63.5 2.54 no 

Reference 120 140.5 5.62 no 
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Appendix B 

 

Figure B-1. Snake road mortality hot spots on the 1000 Islands Parkway, calculated at 100 m road 

segments. 
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Figure B-2.  Turtle road mortality hot spots on the 1000 Islands Parkway, calculated at 100 m road 

segments. 

 

 

Figure B-3.  Frog road mortality hot spots on the 1000 Islands Parkway, calculated at 100 m road 

segments. 
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Figure B-4.  Bird road mortality hot spots on the 1000 Islands Parkway, calculated at 100 m road 

segments. 

 

Figure B-5.  Mammal road mortality hot spots on the 1000 Islands Parkway, calculated at 100 m 

road segments. 
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Figure B-6.  Snake road mortality hot spots on the 1000 Islands Parkway, calculated at 500 m road 

segments. 

 

 

Figure B-7.  Turtle road mortality hot spots on the 1000 Islands Parkway, calculated at 500 m road 

segments. 
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Figure B-8.  Frog road mortality hot spots on the 1000 Islands Parkway, calculated at 500 m road 

segments. 

 

 

Figure B-9.  Bird road mortality hot spots on the 1000 Islands Parkway, calculated at 500 m road 

segments. 
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Figure B-10.  Mammal road mortality hot spots on the 1000 Islands Parkway, calculated at 500 m 

road segments. 

 

Figure B-11.  Snake road mortality hot spots on the 1000 Islands Parkway, calculated at 1000 m 

road segments. 
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Figure B-12.  Turtle road mortality hot spots on the 1000 Islands Parkway, calculated at 1000 m 

road segments. 

 

Figure B-13.  Frog road mortality hot spots on the 1000 Islands Parkway, calculaed at 1000 m road 

segments. 
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Figure B-14.  Bird road mortality hot spots on the 1000 Islands Parkway, calculated at 1000 m road 

segments. 

 

 

Figure B-15.  Mammal road mortality hot spots on the 1000 Islands Parkway, calculated at 1000 m 

road segments. 


