
Movement, habitat selection, and resource use by western painted turtles 

(Chrysemys picta bellii) in an urban environment near their northern range limit 

 

 

A Thesis 

Submitted to the Faculty of Graduate Studies and Research 

In Partial Fulfillment of the Requirements  

For the Degree of   

 

Master of Science 

in  

Biology 

University of Regina 

 

By  

Kelsey Allison Marchand 

 

Regina, Saskatchewan 

August, 2017 

 

 

 

© Kelsey A. Marchand, 2017



 
 
 
 
 
 

UNIVERSITY OF REGINA 
 

FACULTY OF GRADUATE STUDIES AND RESEARCH 
 

SUPERVISORY AND EXAMINING COMMITTEE 
 

Kelsey Allison Marchand, candidate for the degree of Master of Science in Biology, has 
presented a thesis titled, Movement, habitat selection, and resource use by western 
painted turtles (Chrysemys picta bellii) in an urban environment near their northern 
range limit, in an oral examination held on August 15, 2017.  The following committee 
members have found the thesis acceptable in form and content, and that the candidate 
demonstrated satisfactory knowledge of the subject material. 
 
 
External Examiner: *Dr. Stephen J. Hecnar, Lakehead University 
 

Co-Supervisor: Dr. Christopher Somers, Department of Biology 
 

Co-Supervisor: Dr. Ray Poulin, Adjunct 
 

Committee Member: *Dr. R. Mark Brigham, Department of Biology 
 

 

Chair of Defense: Dr. Laurie Sykes-Tottenham, Department of Psychology 
 
 
*Participated via SKYPE 
 



 ii 

ABSTRACT 

 Understanding resource use is necessary to properly manage and conserve 

habitats for long-lived species, especially for populations residing urban settings. I 

studied habitat selection, space use, and isotopic resource use of an urban population of 

western painted turtles (Chrysemys picta bellii) residing in Wascana Creek in Regina, 

Saskatchewan from May 2015 to April 2017. Using radio-telemetry to track movements, 

I determined habitat selection at multiple spatial (Johnson’s second and third order 

habitat selection) and temporal scales (active season; encompassing emergence, nesting, 

and post-nesting) using compositional analysis. I found that turtles selected for shoreline 

habitat over urban/parkland and open water (second order). The characteristics of the 

selected shoreline (third order) varied between habitat areas; however, they did not 

substantially differ across the active season. Within creek habitat, turtles chose shoreline 

habitat randomly. Within marsh habitat, turtles selected for particular shoreline features, 

preferring treed shoreline across all three periods of the active season. Across the active 

season, both male and female turtles moved significantly more during emergence than 

during nesting and post-nesting periods and movements were larger in marsh habitat than 

creek habitat. Suitable overwintering locations were limited within the study area, and 

were warmer and deeper than those randomly available, likely ensuring that their 

overwintering locations did not freeze. There was no significant difference in the 

dissolved oxygen level between used and available overwintering sites.  

 I measured stable isotopes of carbon and nitrogen from nail samples to examine 

isotopic resource use within and among the populations in two habitats (marsh and 

creek). Isotopic niche size varied across the population as a result of variation in body 
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size, sex, and location. Isotopic niches overlapped between 26-77%, with the least 

overlap between males and females. This indicates that although western painted turtles 

are generalist omnivores, there is indication of distinct isotopic resource use by 

subgroups. By comparing the isotopic values found in the turtles to those found in prey, I 

found that all turtles consumed low proportions of a wide variety of potential prey items, 

but there were differences among subgroups. Female and sub-adult turtles in the marsh 

consumed a higher proportion of crayfish and males consume a higher proportion of 

amphipods, whereas turtles in the creek consumed a higher proportion of chironomid 

larvae in comparison to the other available prey items.  

 Turtles in this urban environment require aquatic systems with high productivity 

and diversity, vegetated shorelines to provide buffers from disturbance as well as provide 

suitable basking areas (i.e. banks with overhanging trees), and protected overwintering 

habitat that is at least 2 m deep. My findings indicate that turtles take advantage of a wide 

range of resources; however, there are particular requirements that are necessary to 

ensure their survival and long-term persistence in this environment. 
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GENERAL INTRODUCTION 

Study Species 

The northern range limit of freshwater turtles is determined largely by their ability 

to tolerate climate conditions, such as long, cold winters and short, warm summers (St. 

Clair and Gregory 1990; Brooks 2007). The painted turtle (Chrysemys picta), one of the 

most common and widest ranging freshwater turtle species in North America, has various 

physiological and behavioural adaptations that have enabled it to endure harsh northern 

climates, reaching higher latitudes than any other species. Painted turtle hatchlings are 

freeze tolerant, allowing them to survive temperatures as low as -8°C (Storey et al. 1988). 

As a result, painted turtle hatchlings have the ability to overwinter in the natal nest and 

emerge the following spring (Riley et al. 2014; Lovich et al. 2014). Adults are not freeze 

tolerant; however, while overwintering they are able to tolerate temperatures just above 

0°C and endure 118-150 days of anoxic conditions, enabling them to inhabit waterbodies 

that more sensitive species, such as the wood turtle (Glyptemys insculpta), cannot (Reese 

et al. 2004; Ultsch 2006).  

The painted turtle has four recognized subspecies: the southern painted turtle (C. 

p. dorsalis), eastern painted turtle (C. p. picta), midland painted turtle (C. p. marginata), 

and the western painted turtle (C. p. bellii).  The four subspecies are distinguished by 

morphology and location; however, the ranges of some subspecies overlap (Fig. 0.1). The 

western painted turtle is the most widespread of the four subspecies. Within Canada, it 

reaches its northern range limit throughout the southern portions of British Columbia, 

Alberta, Saskatchewan, Manitoba, and northwestern Ontario (Ernst and Lovich 2009). 

Within the United States, populations range from Washington to Minnesota and 
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Wisconsin, and south through Illinois and South Dakota to Colorado, Kansas, and 

Missouri (Ernst and Lovich 2009). 

The western painted turtle is the largest of the four subspecies, reaching a 

maximum carapace length of 271 mm (Marchand et al. 2015). They are characterized by 

a brown to olive green carapace, and an orange/red plastron with a black and cream 

pattern that extends along the seams of the plastron (Ernst and Lovich 2009). Plastral 

patterns are unique to each individual and can be used as a method to identify individuals 

(Cooley et al. 2013). The western painted turtle is primarily aquatic, inhabiting slow-

moving shallow waters such as ponds, lakes, swamps, rivers, oxbows, and creeks (Ernst 

and Lovich 2009). They are habitat generalists and are therefore thought to be tolerant of 

a variety of environments including polluted waters (Ernst and Lovich 2009). 

Unfortunately, little is known about the habitat selection and resource use of western 

painted turtles, therefore habitat requirements are derived from the other subspecies 

(COSEWIC 2006). The ecology of other subspecies may not be a suitable proxy for the 

western painted turtle as the other subspecies are smaller in size and do not occur at as 

high latitudes as the western painted turtle. 

Status of Western Painted Turtles in Canada 

 Populations of western painted turtles in Canada have been separated into three 

designatable units based on the eight faunal provinces as outlined by the Committee on 

the Status of Endangered Wildlife in Canada (COSEWIC): 1) Prairie/Western Boreal and 

Canadian Shield; 2) Intermountain and Rocky Mountain; and 3) Pacific Coast 

populations (COSEWIC 2006). The status of populations varies across the designatable 

units. Federally, the Pacific Coast population is listed as Endangered, and the 
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Intermountain/Rocky mountain population is listed as Special Concern, largely due to 

declining populations as a result of habitat loss, habitat fragmentation, and increased road 

mortality (COSEWIC 2006). The Prairie/Western Boreal and Canadian Shield population 

is not considered at risk because populations within this range are thought to be numerous 

and stable (COSEWIC 2006); however, in Saskatchewan and other parts of the Great 

Plains, there is limited knowledge about western painted turtle locality, distribution, 

population sizes, and general ecology. 

Within Saskatchewan, there are 21-100 western painted turtle populations 

(estimated), with records in the Saskatchewan River, Qu’Appelle River, Souris River, 

Assiniboine River, and the Frenchman River drainage (COSEWIC 2006). However, the 

only published literature examining western painted turtles in the province is MacCullogh 

and Secoy (1983 a,b) who studied demography, diet, and movement of a river population 

of western painted turtles in a natural landscape. Within Regina, Saskatchewan, the 

climate averages 25.8°C through the summer, and -20.1°C through the winter 

(Environment Canada 2010). The anthropogenic influence on the prairie landscape is 

extreme. Over the last century, much of the landscape has been transformed into 

cropland, pasture, and urban centers resulting in the loss of an estimated 80% of the 

original native prairie (Hammermeister et al. 2001). This has ultimately assisted in the 

decline and local extinction of a variety of taxa that inhabited the landscape 

(Hammermeister et al. 2001), including the decline of many reptile populations 

(Lesbarrères et al. 2014). 
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“Paved Paradise” 

Since 1901, the proportion of Canadians living in urban centers has increased 

drastically from 37% to 87% in 2011 (Statistics Canada 2011). Within Saskatchewan, the 

proportion of urban residents has risen from 16% to 67% (Statistics Canada 2011). To 

cope with the growing urban population, native habitats have been removed, altered, and 

developed at a high rate to allow for urban expansion (Vitousek et al. 1997). The shift to 

increased urbanization has led to many people becoming disconnected from nature, 

opting instead to stay indoors connected to various forms of technology (Parks Canada 

2014). Natural areas, including those found in urban parks, are of great benefit to urban 

residents. They provide residents an escape from urban life, which benefits their 

psychological and mental health by reducing stress and increasing levels of relaxation 

(Chiesura 2003; Mayer et al. 2009; Parks Canada 2014). Urban parks also provide an 

educational area for school and community groups to gather and learn about the 

surrounding ecosystems, which for some may be the only interaction they have with the 

natural environment. A desirable species for these groups to seek out are turtles because 

they are fairly easy to observe in the wild, and they provide excellent tools to teach about 

conservation and wildlife awareness in urban settings. Although urban parks greatly 

benefit residents, effects of urbanization are costly to native species communities 

(McKinney 2002, 2008; Banville and Bateman 2012). To continually provide meaningful 

connections with nature and ensure urban biodiversity into the future, urban parks need to 

be properly managed with wildlife needs and resources in mind. 
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Study Area 

Regina, Saskatchewan, the provincial capital, is currently home to over 214,000 

residents (Statistics Canada 2017). The city has undergone intense habitat alteration since 

the native prairie was originally cleared. At the heart of the city is Wascana Centre, one 

of the largest urban parks in Canada. Wascana Centre is a 930 ha urban parkland that 

surrounds the central portion of Wascana Creek, which runs through the southern portion 

of the city. The City of Regina, which is within the prairie ecozone and the moist mixed 

grassland ecoregion (Acton et al. 1998), was originally characterized by a treeless prairie 

landscape, but has since been transformed to an urban forest. Most of this vegetation was 

originally hand planted in the early 1900’s (Hughes 2005), and as a result, many plant 

and animal communities within the city have been altered. For example, common 

grassland birds such as the western meadowlark (Sternella neglecta), Say’s phoebe 

(Sayornis saya), and chestnut-collared longspur (Calcarius ornatus) no longer occur in 

city (Clark and Tokaruk 2015); however, species such as the yellow warbler (Setophaga 

petechia), cedar waxwing (Bombycilla cedronum), and American robin (Turdus 

migratorius) are currently among the most common (Wascana MAPS 2015). The 

shoreline of Wascana Creek, which was once surrounded by open prairie landscape, is 

now surrounded by abundant vegetation including large willow trees (Salix spp.), dense 

shrubs, and broadleaf cattails (Typha latifolia).  

History of Wascana Centre 

The section of Wascana Creek that flows through Regina has been altered, 

primarily to meet the needs of the city’s human inhabitants. In the 1880s, the federal 

government and the Canadian Pacific Railway built a dam across the creek to create a 65 
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ha, 1.5 m deep, water reservoir for watering livestock (Hughes 2005). In 1931, the water 

reservoir, now considered a lake, was drained and deepened to create two small islands 

and improve the shoreline (Hughes 2005). In 1956, the eastern portion of the lake, 

Wascana Marsh, was declared a Federal Migratory Bird Sanctuary to protect birds that 

used the area during migration stopovers. In 1962, the Wascana Centre Act was brought 

into legislation and the Wascana Centre Authority was formed, but it was not until 1989 

that the Act included conservation of the environment (Hughes 2005). During the winter 

of 1997, the water levels of the marsh and lake sections were lowered, draining the marsh 

and leaving approximately 1 m of water in the lake, as part of a research project 

examining effects of winter drought (McGowan et al. 2005). During the winter of 2004, 

Wascana Centre and the city of Regina completed an $18-million project known as “The 

Big Dig.” During the Big Dig, the marsh and lake sections of the creek were drained, 

once again to deepen the lake by removing roughly 1.5 million cubic meters of sediment 

from the lake bottom (Hughes 2005). Prior to the Big Dig, the Friends of Wascana 

Marsh, a community group that advocates for the Wascana Marsh ecosystem, worked to 

protect western painted turtles living in Wascana Creek. As a result, a potential 

overwintering location of the turtles was protected and not drained, dredged, or filled. 

Since then, the Friends of Wascana Marsh have sought to learn more about western 

painted turtles to protect and conserve their habitat within this urban, prairie environment. 

Objectives 

My overall objective was to examine habitat selection, space use, and isotopic 

resource use by the urban population of western painted turtles living in Wascana Creek. 

This population is considered an integral part of the fauna within the Wascana Creek 
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ecosystem and is a primary conservation focus for the Friends of Wascana Marsh. The 

Regina population of western painted turtles had never been studied, so my research 

aimed to provide information on requirements for turtles to persist in this urban 

environment. Consequently, my research had the following objectives: 

 

1. Determine space use and multi-scale habitat selection of turtles inhabiting 

different areas of the Wascana Creek system. 

 

2. Examine isotopic resource use of western painted turtles in the Wascana Creek 

system.  

 

My results will be informative for the management of the shoreline and area surrounding 

Wascana Creek, to ensure that habitat and resource requirements of the turtle population 

are met in this urban habitat.
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Figure 0.1 Geographic distribution of the four painted turtle (Chrysemys picta) 

subspecies across North America: western painted turtle (C. p. bellii) – blue, midland 

painted turtle (C. p. marginata) – orange, eastern painted turtle (C. p. picta) – red, and 

southern painted turtle (C. p. dorsalis) – green (Wikipedia 2011).
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Chapter 1 

Spatial ecology and multi-scale habitat selection by western painted turtles 

(Chrysemys picta bellii) in an urban area 
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ABSTRACT 

 We examined habitat selection and space use by western painted turtles living in 

an urban park on the northern Great Plains of central Canada. Our objective was to 

understand space requirements and identify key habitat features necessary for long-term 

persistence of turtles in this urban ecosystem. We used radio telemetry to examine 

seasonal habitat selection and space use during 2015/16 (n=23), and 2016/17(n=29). For 

both sexes, daily movements and home ranges were smaller during the emergence period 

than in either the nesting or post-nesting portions of the active season. Compared to 

turtles in the creek, turtles in the marsh area had 2- and 4-times larger daily movements 

and home ranges, respectively. Overall, turtles throughout the system selected strongly 

for shoreline habitat (93% of relocations) over urban/parkland and open water. In the 

marsh area, turtles used shoreline habitats non-randomly, selecting for accessible 

shoreline with large trees during all three periods of the active season. In contrast, turtles 

in the creek areas used shoreline habitat according to availability. Overwintering sites 

selected by turtles were warmer and deeper than those generally available to them, with 

no significant difference in the dissolved oxygen level; however, the water was hypoxic. 

Our results show that turtles range widely, requiring 20-60 ha to complete their life cycle 

in our study area. Urban park areas should be managed to provide accessible shorelines 

with a combination of cover and open basking areas. Critically, careful attention needs to 

be paid to managing water depth so that over-wintering sites remain viable over the long 

term.  

Keywords: Chrysemys picta bellii; painted turtle; habitat selection; urban population; 

radio telemetry 
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INTRODUCTION 

Urban green spaces offering a variety of nature experiences are becoming 

increasingly important for North American cities. The proportion of people living within 

urban areas has been steadily increasing, with more than 80% of Canadians currently 

residing in urban areas (Statistics Canada 2011; United Nations 2014). Consequently, 

urban residents are becoming disconnected with nature and the environment (Parks 

Canada 2014). Urban parks provide a valuable opportunity for escaping city life and 

connecting to nature without the need for long-distance travel (Chiesura 2003; Mayer et 

al. 2009; Parks Canada 2014). They also provide plots of various plants and trees, which 

aid in air purification, wind and noise filtering, and stabilization of urban microclimates 

(Chiesura 2003). However, urban parks also present special challenges for managers in 

terms of providing suitable habitat for wildlife while meeting the needs of urban 

recreationists. To minimize wildlife disturbance and provide an urban oasis for both 

recreationists and wildlife, we need to identify, and preserve important habitats and the 

space required for the species to persist urban parks. 

 Turtles are a charismatic species, which people of all ages seek to observe, 

particularly in cities at northern latitudes where interactions with herpetofauna are rare. 

To maintain these opportunities into the future, managers are challenged with designing 

and maintaining urban parks that can sustain healthy, native turtle populations. For turtle 

species, small changes to their aquatic and terrestrial habitats, such as draining, dredging, 

and shoreline development, can impact their survival. Turtles have long life histories, 

characterized by slow somatic growth rates, and late age at maturity, leading to slow 

population growth (Brooks et al. 1990). If mortality within populations increases by even 
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2-3% per year, it can lead to drastic population declines and possible local extinction 

(Congdon et al. 1993; Gibbs and Shriver 2002). Urbanization impacts turtle populations 

by decreasing genetic diversity (Rubin et al. 2001), restricting aquatic mobility (Bennett 

et al. 2010), increasing adult mortality (Marchand and Litvaitis 2004; Aresco 2005; Gibbs 

and Steen 2005; Steen et al. 2006), increasing human disturbance (Pittfield and Burger 

2017), and increasing rates of nest predation (Marchand and Litvaitis 2004; Baldwin et 

al. 2004). All of these factors are exacerbated at northern latitudes where climate is an 

additional factor affecting turtle population parameters. Although many studies have 

focused on the detrimental impacts of urbanization, few studies examine critical features 

for turtle persistence in urban environments (e.g. Spinks et al. 2003; Plummer and Mills 

2008; Winchell and Gibbs 2016; Pittfield and Burger 2017). Thus, data on the resources 

required by northern turtle populations are necessary to ensure their long-term persistence 

in urban parks. 

 Urban systems are highly dynamic, creating continual changes to the surrounding 

environment. Knowledge about turtle resource requirements in response to external 

anthropogenic pressures is necessary (Millspaugh and Marzluff 2001; Manly et al. 2002). 

These requirements can vary temporally and spatially, therefore biologically relevant 

time periods and multiple spatial scales should be taken into consideration (Johnson 

1980). Turtles are ecotherms, so their movement and habitat use are dictated by their 

thermal, metabolic, and reproductive needs. As such, their active season can be divided 

into three relevant time periods (emergence, nesting, and post-nesting), to better 

understand habitat selection and space use variation based on different sections of the life 

cycle (Litzgus and Mousseau 2004; Rasmussen and Litzgus 2010). Knowledge of the 
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habitats and space required throughout these time periods is required to manage turtle 

habitat in urban park systems. 

Suitable overwintering habitat is a limiting factor for northern turtle populations. 

At the extreme, turtles can spend four to six months of the year under the ice. This means 

that nearly half of their lifetime is spent in overwintering habitat (Ultsch 2006; Jackson 

and Ultsch 2010). These habitats are chosen by the individual in the fall, and must be 

adequate to ensure survival until the ice recedes in the spring. These aquatic habitats 

provide thermally stable environments to enable reduced metabolism; however, these 

locations can prove to be physiologically stressful or lethal by exposing individuals to 

severe risks such as freezing, predation, and metabolic acidosis (Ultsch 2006). In urban 

environments, the risk associated with overwintering site selection can be further 

increased because water levels are often artificially controlled. Thus, water level 

reduction during the winter months can result in mortality of individuals within that 

system (Bodie and Semlitsch 2000). To effectively manage populations, we need a 

thorough understanding of habitat requirements not only during the active season, but 

also during the winter months. Within Canada, most studies focus on populations 

inhabiting relatively pristine environments (e.g. Edge et al. 2010; Rasmussen and Litzgus 

2010; Millar and Blouin-Demers 2011; Paterson et al. 2012); few studies have examined 

overwintering habitat use in highly urban areas at northern latitudes.  

Painted turtles (Chrysemys picta) are one of the most widely distributed 

freshwater turtle species in North America, reaching their northern range limit throughout 

southern portions of Canadian provinces. Painted turtles typically inhabit shallow ponds, 

lakes, and slow moving creek and river systems (COSEWIC 2006; Ernst and Lovich 
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2009). They are thought to be habitat generalists, enabling them to adapt to their 

surrounding environment (Browne and Hecnar 2007), and be fairly tolerant to polluted 

waters (Ernst and Lovich 2009). Due to their widespread range, and typically large 

population sizes in comparison to other freshwater turtle populations, painted turtles have 

become one of the most studied freshwater turtle species in North America (Ernst and 

Lovich 2009; Lovich and Ennen 2013). Within Canada, many of the studies focus on the 

Midland painted turtle (C. p. marginata), examining various aspects of the ecology and 

life history of the subspecies, including overwintering conditions (Taylor and Nol 1989; 

Rollinson et al. 2008), reproductive success (Rollinson and Brooks 2007), and thermal 

ecology (Edwards and Blouin-Demers 2007; Carriere et al 2008). The western painted 

turtle (C. p. bellii), has received little attention in regards to habitat and space use (e.g. 

MacCullogh and Secoy 1983a; St Clair and Gregory 1990; Basaraba 2014), and therefore 

habitat requirements are derived from studies on the other subspecies in different 

localities (COSEWIC 2006). The western painted turtle attains larger body sizes, and 

reaches higher latitudes than the other subspecies (Ernst and Lovich 2009), therefore their 

habitat and space use may differ from the smaller subspecies. 

Here we examine year-round habitat selection and space use by an urban 

population of western painted turtles in Regina, Saskatchewan, Canada. This population 

is in a major urban center near the northern range limit for all turtle species on the Great 

Plains. Little is known about western painted turtle habitat selection and space use in this 

prairie environment where populations face climatic and anthropogenic extremes. We 

hypothesized that turtle movements and home range size would vary between males and 

females across the active season based upon the reproductive-strategies hypothesis 
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(Morreale et al. 1984). Correspondingly, we predicted that males would make the largest 

movements during the emergence season to find mates, and females would make the 

largest movements during the nesting season to find suitable nesting habitat. For habitat 

selection, we hypothesized that certain habitat features are necessary for turtle survival 

and reproduction in an urban environment; we predicted that turtles would select for 

particular habitats that facilitate foraging, thermoregulation, and mating/nesting. During 

the winter months, we predicted that turtles would select overwintering sites with deeper 

water, higher temperature, and more dissolved oxygen, compared to those available to 

them.  

METHODS 

Study Site 

Our study was carried out within Wascana Creek, a water body located in the city 

of Regina, Saskatchewan, Canada (50°N, 104°W). Regina is the provincial capital, and is 

home to over 214,000 residents (Statistics Canada 2017). The regional climate is 

characterized by short, warm summers and long, cold winters, reaching average daily 

maximum temperatures of 25.8°C (extreme: 43°C) in July and average daily minimum 

temperatures of -20.1°C (extreme: -50°C) in January (Environment Canada 2010). On 

average, Regina experiences 115 frost free days and receives 390 mm of precipitation per 

year (Environment Canada 2010). The harsh climate on the northern Great Plains results 

in only a small number of turtle species. In Saskatchewan, there are records for only two 

species, the common snapping turtle (Chelydra serpentina) and the western painted 

turtle. Both reach the northern limit of their range in the province; however, the western 
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painted turtle is more widespread with populations throughout much of southern 

Saskatchewan. 

The Wascana Creek watershed begins southeast of Regina, and the creek flows 

west through the city before entering into the Qu’Appelle River. The study area was 

approximately 1000 ha, and consisted of a man-made lake and marsh, as well as a creek 

flowing into the marsh on the east, and flowing out of the lake on the west (Fig. 1.1). The 

depth of the lake was increased twice, once in 1931 (average depth 2 m), and again 

during the winter of 2003/2004 (average depth 8 m) to improve water quality (Hughes 

2005). The area surrounding Wascana Creek is primarily large green spaces such as 

urban parks and golf courses, as well as residential and commercial development with 

four major road networks, including the Trans Canada Highway, intersecting the study 

area. Most of the vegetation surrounding Wascana Creek was originally planted in the 

early 1900’s (Hughes 2005), with the current terrestrial shoreline vegetation dominated 

by large willow trees (Salix spp.), and emergent aquatic vegetation, largely consisting of 

broadleaf cattails (Typha latifolia). Major shoreline features include cattails, overhanging 

trees, shrubs, areas without vegetation (sand or rock beach), and areas with vertical 

concrete shoreline. 

 There are two main habitat areas for turtles in the system, marsh and creek. The 

study area was separated into marsh and creek habitat areas at the Albert Street bridge by 

a water control structure that appeared to present a complete barrier to turtle movement 

(Fig. 1.1; K. Marchand, unpublished data). Turtles caught west of the Albert Street bridge 

were deemed to be in creek habitat, and those caught east of the bridge were deemed to 

be in marsh habitat. The available habitat associated with the marsh (water, shoreline, and 
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200 m urban buffer zone) is approximately 677 ha. The waterway has a man-made lake 

and marsh area (~270 m wide), and creek (~25 m wide). The marsh area is designated as 

a Federal Migratory Bird Sanctuary, and is not open to the public. The man-made lake is 

open to recreational users, primarily canoes and kayaks. The creek habitat is 

approximately 325 ha. The waterway is approximately 25 m wide with two water control 

dams; few recreationists use the aquatic habitat but the surrounding parkland is used 

extensively. 

Turtle Capture and Tracking 

We captured turtles using a combination of hand capture, dip nets, and hoop traps 

baited with sardines, from April to September 2015 and 2016. Each individual was given 

a unique notch code that was filed into the marginal scutes of their carapace for use in 

identification (Cagle 1939). Sex of the turtle was determined by observing secondary sex 

characteristics (Ernst and Lovich 2009). Individuals that did not display secondary sex 

characteristics were classified as sub-adults or juveniles (<115 cm carapace length). Body 

measurements were recorded, including body size (mid-line carapace length – mm; ±1 

mm), and mass (g; ±1 g). We attached radio transmitters (RI-2B, 14 g (25) and 6 g (4); 

Holohil Systems Ltd., Ontario, Canada) to the rear marginal scutes using epoxy putty. 

The total mass of the unit (transmitter + epoxy) was <15 g and represented <5% of turtle 

body mass. In 2015 and 2016, 23 turtles (16 females, 7 males) and 29 turtles (18 females, 

11 males), respectively, were outfitted with radio transmitters. Twenty-two turtles (17 

females, 5 males) were tracked in both the 2015 and 2016 field seasons. All turtles were 

released at the point of capture within 30 minutes. 
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We tracked turtles from a canoe in the open water season, and on foot (on the ice) 

during winter, using a portable receiver (R1000; Communications Specialists, Inc., 

Orange, CA) and hand-held three-element Yagi antenna. We relocated turtles every two 

to three days from May to mid-September, every one to two weeks from mid-September 

to November, and once a month from January to April. The active season (May to 

September) was separated into three biologically relevant time periods during which we 

examined temporal variation (emergence, nesting, and post-nesting; Table 1.1). For each 

turtle relocation, the date, time, Universal Transverse Mercator coordinates (UTM), and 

the dominant habitat type (shoreline, urban, water; shoreline further divided into barrier, 

cattails, no-vegetation, shrubs, or trees) were recorded. We recorded locations using a 

handheld GPS (Garmin eTrex 20) and uploaded to ArcGIS version 10.3.  All means are 

reported ±1 SE. Individuals monitored for less than three consecutive months during 

either the 2015 or 2016 active season, or with less than six relocations per activity period, 

were excluded from the yearly and seasonal analyses, respectively. 

All animal work was carried out under the approved University of Regina 

President’s Committee on Animal Care Protocol (15-03), and was authorized by an 

Academic Research Permit from the Saskatchewan Ministry of the Environment (permit 

number: 15FW075). 

Population Size Estimate 

 To estimate population size across the 2015 and 2016 field seasons, we used a 

modified version of the Lincoln-Petersen method (Lincoln 1930; Chapman 1951; Lancia 

et al. 2005). To meet the assumptions of this approach, data on hatchlings were omitted 
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from the calculation. Additionally, multiple methods of capture (hand capture and hoop 

traps) were used to reduce capture bias of individuals within the population.  

Movement and Home Range Size 

Daily distance moved – We calculated distance moved using the 

movement.pathmetrics function in Geospatial Modelling Environment (GME; Beyer 

2015), which allowed us to estimate steplength measurements between successive 

relocations for each individual during the active season. The steplength measurements 

were divided by the number of days between relocations to provide a relative minimum 

daily distance moved (DDM) for each tracked individual (Rasmussen and Litzgus 2010).  

During winter 2017, we examined turtle movement under the ice by measuring the 

straight-line distance between successive relocations in ArcGIS. We deployed a reference 

transmitter attached to a rock in the overwintering area to use as a control to confirm 

turtle movement. 

Home Range Size – We determined the home range of tracked individuals by 

calculating the 100% minimum convex polygon (MCP) using the genmcp function in 

GME. This method provides the smallest possible convex polygon that encompasses all 

relocations for a particular individual or group of individuals (Row and Blouin-Demers 

2006). We chose MCPs over other home range metrics (e.g., kernel density) because they 

eliminate the effect of autocorrelation, reduce the number of arbitrary choices required by 

the researcher (e.g. smoothing factor), and encompass areas that may be used as 

movement corridors that may be excluded when using kernel density estimates (Row and 

Blouin-Demers 2006; Rasmussen and Litzgus 2010; Markle and Chow-Fraser 2014).   
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All active season movement and home range data were analyzed to determine 

effects of season, sex, habitat area, and year on movement rates and home range size 

using two separate Generalized Linear Mixed Models (GLMM; Gamma distribution). 

The fixed effects included season (emergence, nesting, post-nesting), sex (male, female), 

habitat area (marsh, creek), and year (2015, 2016). The random effect was turtle ID to 

account for repeated measures of each individual. A χ2 test was completed to examine the 

effect of the interaction between season and sex. Analyses were conducted using the lme4 

package (Bates et al. 2015) in R (R Core Team 2016) and assumed a significance level of 

p<0.05. 

Habitat Selection 

 We examined habitat selection using compositional analysis at two spatial scales 

representing two categories in Johnson’s (1980) hierarchy: (1) broad-scale representing 

second-order selection, and (2) fine-scale representing third-order selection (Table 2). 

Compositional analysis determines whether the turtles were selecting particular habitats 

disproportionately compared to what was available (Aebischer et al. 1993). Second-order 

habitat selection was assessed by comparing the proportion of relocations of each 

individual turtle to the proportion of broad-scale habitat features available within the 

MCP for the whole population. Third-order habitat selection was assessed by comparing 

the proportion of relocations of each individual turtle within each section of the active 

season to the proportion of habitat features available within individual active season 

MCPs. Compositional analyses were completed using the compana function in the 

adehabitatHS package in R (Calenge 2006). In cases where habitat types were available 
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but not used, we replaced the zero value with a value one order of magnitude smaller than 

the smallest non-zero number in the dataset (Aebischer et al. 1983). 

Overwintering Site Selection 

 During the 2015/16 and 2016/17 winter field seasons, we determined 

overwintering locations for 19 turtles (15 marsh, 4 creek), and 18 turtles (14 marsh, 4 

creek), respectively. Due to ice safety concerns, only turtles located within the marsh 

habitat between Broad Street and Ring Road were monitored throughout the winter 

months. We relocated the turtles once a month from October to April in both years. We 

examined environmental variables at used and available overwintering sites from January 

to March by drilling holes through the ice using an auger. We chose representative used 

sites that were centrally located near groups of turtles with transmitters, and at least 15 m 

apart from other used sites. We designated used sites in this way to avoid drilling through 

the ice directly above each turtle, potentially causing disturbance. At each site, a hole was 

augured into the ice and environmental variables were recorded including distance from 

shore (m), water depth (m), ice thickness (m), water temperature (°C), and dissolved 

oxygen level (mg/L). Both water temperature and dissolved oxygen level were measured 

using a YSI probe (YSI Inc., Yellow Springs, OH). To examine differences in the 

overwintering sites compared to areas within the known overwintering habitat, we 

sampled available sites 10 m in each cardinal direction from the used sites, as well as 30 

m and 50 m west from the used sites (Fig. 1.2a). To examine why the turtles selected 

their overwintering location versus any other location available to them in the marsh 

habitat, we compared the used sites to 12 randomly selected available sites throughout the 
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marsh (Fig. 1.2b). These sites were generated in ArcGIS using the Random Points 

function in the Data Management Toolbox.  

 To examine overwintering habitat selection, two separate GLMMs were 

constructed to examine the relationship between measured environmental variables 

(water depth, water temperature, or dissolved oxygen level) and several fixed variables: i) 

within the known overwintering habitat, and ii) across the marsh habitat. Fixed variables 

included sample month, sample year, and location type (used or available). 

Environmental variables were recorded monthly during the winter of 2016 and 2017, so 

site ID was used as a random effect to account for repeated measures. This approach 

enabled testing the hypothesis that environmental variables differed between used and 

available overwintering sites. Analyses were conducted using the lme4 package in R 

assuming a significance of p<0.05. 

RESULTS 

Population Size Assessment 

 Over the course of the study, we captured 85 turtles (26 males, 43 females, eight 

juveniles, and eight neonates) within the creek and marsh habitat. We recaptured a total 

of 47 turtles (16 males, 31 females) in 2016. The majority of the individuals captured 

(88%) were from the marsh habitat, with only 10 individuals (six females, four males) 

found in the creek habitat. Using the Lincoln-Petersen method, we estimated the 

population size to be 82 individuals (± 8; 95% confidence interval), resulting in a density 

of 0.3 turtles/ha within available shoreline and open water habitat. Sexual size 

dimorphism was evident within the population with females attaining larger body sizes 



 28 

(210 ± 3 mm) compared to males (176 ± 4 mm). Of the turtles captured, most were 

sexually mature adults with carapace length over 150 mm (Appendix I). 

Movements and Home Range 

 Across the 2015 and 2016 field seasons, the average daily distance moved was 96 

± 8 m and 172 ± 6 m for the creek and marsh, respectively. The average distance that 

turtles moved from the water into upland habitat was 43 ± 12 m, which was primarily by 

females during nesting season. One male moved into upland habitat (200 m), but returned 

to the aquatic habitat by the next relocation. Daily movement rates did not differ between 

the 2015 (162±7 m) and 2016 (153±7 m) active seasons (tdf=2=0.145, p=0.88). Overall, 

there was no significant difference in the DDM between males and females (tdf=2=1.72, 

p=0.085; Fig. 1.3b). Marsh turtles moved longer distances compared to creek turtles 

(tdf=1=11.52, p<0.01), with mean marsh turtle movements being two times longer 

compared to those in the creek (Fig. 1.3c). Turtles moved longer distances during nesting 

(tdf=2=7.55, p<0.01) and post-nesting (tdf=2=4.59, p<0.01) seasons compared to during 

emergence (Fig. 1.3a); however, there was no significant interaction between sex and 

season on DDM (χ2
(df=2)=4.14, p=0.126; Fig. 1.3d). During the winter 2017 field season, 

under ice movements were recorded. In February, turtles were found 4±0.8 m (control = 

0 m) from their January location. In March, turtles were found 20±5 m (control = 1 m) 

from their February location. 

 MCP home ranges did not differ between 2015 and 2016 (tdf=1=1.22, p=0.222). 

There was no significant difference between male and female MCPs (tdf=1=0.347, 

p=0.728; Fig. 1.4b). MCPs were significantly larger for the marsh turtles (59 ± 5 ha) than 

the creek turtles (19 ± 4 ha; tdf=1=5.93, p<0.01; Fig. 1.4c). Across the active season, 
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turtles had significantly larger MCPs during the nesting (tdf=2=5.67, p<0.01) and post-

nesting seasons (tdf=2=7.17, p<0.01) compared to emergence, corresponding with 

increased DDM values (Fig. 1.4a). The interaction between sex and season did not affect 

turtle MCP (χ2
(df=2)=2.78, p=0.25; Fig. 1.4d). 

Active Season Habitat Selection 

 Second-order habitat use was significantly non-random (Wilk’s λd.f.=2  = 0.057, p 

= 0.002). The population selected for shoreline habitat over open water and 

urban/parkland. Shoreline habitat was used six times more than expected, accounting for 

93% of the turtle relocations, and open water and urban/parkland were both used less 

than expected based on availability.  

 Third-order habitat selection was determined by observing shoreline habitat use 

and availability within the marsh and creek areas, and across the three periods of the 

active season. Creek turtles used shoreline with no-vegetation 33-54 times more than 

expected based on availability during all three sections of the active season (Fig. 1.5). 

Compositional analysis did not identify this use as significant (emergence: Wilk’s λd.f.=4  

= 0, p = 1; nesting: Wilk’s λd.f.=4  = 0.016, p = 0.09; post-nesting: Wilk’s λd.f.=4  = 0.120, p 

= 0.20), which could be a result of sample size as six to ten individuals is the minimum 

required to detect significant results (Aesbischer et al. 1993).  In contrast, marsh turtles 

exhibited significant non-random habitat use across all three periods of the active season 

(emergence: Wilk’s λd.f.=4  = 0.024, p = 0.002; nesting: Wilk’s λd.f.=4 = 0.141, p = 0.002; 

post-nesting: Wilk’s λd.f.=4  = 0.100, p = 0.002), with shorelines consisting of trees, 

shrubs, and cattails being used more than expected, and no-vegetation and barrier 

shorelines being used less than expected based on availability (Fig. 1.6). The treed 
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shoreline was the most frequently used, accounting for on average 51% of the relocations 

within each period of the active season, and was selected for 1.3 times more than 

expected during emergence and 2 times more than expected during nesting and post-

nesting based on availability. Within the emergence period, shrub shoreline accounted for 

36% of the relocations and was selected for 0.9 times more than expected based on 

availability. During both nesting (32% of relocations) and post-nesting (22% of 

relocations) periods, cattail shoreline was selected for 1.2 times and 0.7 times more than 

expected based on availability. 

Overwintering Site Selection 

 Marsh habitat had approximately 142 and 136 days of ice cover during the winter 

of 2016 and 2017, respectively. Turtles (n=13) overwintered between a pair of islands 

along the east shore, 7±0.5 m from the shoreline in 2016 and 9±0.4 m from the shoreline 

in 2017. On average across the two years, the used sites experienced dissolved oxygen 

levels of 3.8±0.97 mg/L (min: 0.6 mg/L), water temperature of 1.6±0.22°C (min: 0.1°C), 

and water depths of 148±14 cm (min: 53 cm). Within the immediate overwintering 

habitat there was no significant difference between used and available sites for water 

temperature (tdf=1=-0.981, p=0.326), dissolved oxygen levels (tdf=1=0.738, p=0.461), or 

water depth (tdf=1=-1.36, p=0.174). All sites within the immediate overwintering area 

exhibited temporal variation, with a significant difference between the 2016 and 2017 

field seasons. In 2017, the dissolved oxygen levels were significantly higher (4±4 mg/L; 

tdf=1=5.66, p<0.01), the water temperatures were significantly lower (1.5±0.6°C; tdf=1=-

11.3, p<0.01), and the water depths were significantly shallower (195±82 cm; tdf=1=-1.36, 

p<0.01) compared to 2016. Across both years, the dissolved oxygen levels were 
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significantly higher (tdf=2=12.4, p<0.01), the water temperatures significantly higher 

(tdf=2=11.8, p<0.01), and the water depth significantly lower (tdf=2=-3.53, p<0.01) in the 

month of March, in comparison to January and February. 

Used sites were significantly warmer (tdf=1=2.41, p=0.02) and deeper (tdf=1=2.30, 

p=0.02) than randomly selected available sites; but there was no significant difference in 

the dissolved oxygen levels (tdf=1=-0.343, p=0.731; Fig. 1.7). Over the course of the 

winter, multiple randomly selected available sites froze to the bottom (2016: n=3; 2017: 

n=9); however, used sites did not freeze to the bottom. There was a significant difference 

between years for water temperature and water depth, with water temperatures being 

significantly lower (tdf=1=-3.52, p<0.01), and water depths being significantly shallower 

(tdf=1=-6.46,p<0.01) in 2017 compared to 2016. Dissolved oxygen levels were 

significantly higher in the month of March (tdf=2=4.13, p<0.01) compared to January and 

February, and water depths were significantly deeper in January (tdf=2=3.69, p<0.01) 

compared to February and March. 

DISCUSSION 

Population Size Assessment 

 We estimated the population to be 82 (±8) individuals, at a density of 0.3 

turtle/ha, which was lower than typically recorded for this species. Painted turtles are one 

of the most abundant freshwater turtle species within its range (Ernst and Lovich 2009), 

with some populations attaining sizes of over 3000 individuals (828 turtles/ha; Frazer et 

al. 1991). At the northern range limit in Canada, reported populations sizes for western 

painted turtles are sparse; however, a population inhabiting a water reservoir in 

Revelstoke, B.C. was estimated to be approximately 242 individuals (2 turtles/ha; 
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Basaraba 2014), and a population inhabiting the Qu’Appelle river system north of Regina 

was estimated to be 167 individuals (11 turtles/ha; MacCullogh and Secoy 1983b). Both 

of these estimates are two- to three-times larger than the estimate for our study 

population.  

The low numbers of juveniles may be an indication of low productivity and 

recruitment resulting in an age shift towards adults. The majority of individuals captured 

during the study were sexually mature individuals over 150 mm carapace length, with 

few captures of juveniles and subadults. This may be the result of sampling bias, as 

juveniles are cryptic and difficult to capture in the traps we deployed. When juveniles 

were detected, they were typically captured, as their response to our approach was to 

return to the water directly below where they were basking. Over the two years, we only 

observed one successful nest (8 hatchlings), and many were found predated, mostly by 

Richardson’s ground squirrels (Urocitellus richardsonii). The age shift towards adults 

has been previously observed in freshwater turtle populations that have been impacted by 

anthropogenic changes (Garber and Burger 1995; Saumure and Bider 1997; Browne and 

Hecnar 2007). For example, a population of wood turtles (Glyptemys insculpta) in 

Connecticut experienced an age shift followed by local extinction within 10 years of their 

habitat being opened up to recreational users due to a combination of factors including 

habitat fragmentation, habitat alteration, and decreased recruitment (Garber and Burger 

1995). This was the first assessment of population size for this study area, so temporal 

comparisons are not possible; however, the information gathered in this study can be used 

as a baseline for population monitoring in the future. 



 33 

Turtle Movements and Home Range 

  Western painted turtles in this study did not conform to predictions about 

seasonal movements based upon the reproductive strategies hypothesis. Both sexes 

exhibited decreased movement and space use during emergence in comparison to nesting 

and post-nesting. We found that turtle movements and space use did not differ between 

sexes and that the variation was more attributable to the season in which the movements 

occurred. This pattern may reflect metabolic requirements as well as a response to 

environmental temperatures, as activity does not begin until water levels reach 

approximately 10°C (Ernst 1971). During emergence, painted turtles spend time basking 

(Edwards and Blouin-Demers 2007; Carriere et al 2008) allowing them to conserve 

energy and increase their body temperature following emergence from overwintering 

habitat (Congdon 1989; Millar and Blouin-Demers 2011). Freshwater turtle species such 

as spotted turtles (Clemmys guttata; Litzgus and Mousseau 2004) and Blanding’s turtles 

(Emydoidea blandigii; Millar and Blouin-Demers 2011) communally aggregate following 

hibernation, which reduces the requirement of males to actively seek out females 

throughout the habitat. Therefore, the associated basking aggregations that result could 

potentially explain the decreased movements of males in contrast to the reproductive 

strategies hypothesis. Movements and space use increased during nesting and post-

nesting seasons, which could be attributed to a variety of factors such as searching for 

nesting habitat, searching for food resources, or searching for mates as a result of 

increased dispersal, and increased environmental temperatures. 

Movements into upland habitat were only documented during nesting season.  In 

contrast to previous studies (e.g. McAuliffe 1978; Bowne 2008), we did not document 
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turtles making large overland movements to reach alternate habitat, as the majority of 

relocations were confined to shoreline and open water. During nesting season, females 

moved into upland habitat on average <50 m from the shoreline. Females did make 

movements that brought them towards the road networks; three females (7% of captured 

females) were hit by vehicles, two of which were found to be gravid. Additionally, one 

female was documented nesting in the middle of a back alley. Steen et al. (2012) found 

that painted turtles typically nest within 200 m of the shoreline; however, this distance 

decreases in disturbed habitat, with females opting to nest in close proximity to the 

shoreline (Baldwin et al. 2004; Foley et al. 2012), which is consistent with findings in 

this study.  

The average home range sizes for western painted turtles in our study system 

were typical for that of the species in other parts of its range. Additionally, the turtles 

followed a similar trend to the documented daily distance moved. The average home 

range size for turtles in both the marsh and the creek habitat areas are comparable to 

those reported in British Columbia, Tennessee, Ohio, and Pennsylvania (Saba and Spotila 

2003; Tran et al. 2007; Basaraba 2014; Jaeger and Cobb 2012); however, they are 4-12 

times larger than that reported for the Qu’Appelle River population north of Regina 

(MacCullogh and Secoy 1983a). Marsh turtles had significantly larger movement rates 

and space use in comparison to the creek turtles. Previous studies have found a link 

between animal space use and the amount of habitat available (Schubauer et al. 1990; 

Plummer et al. 1997; Jaeger and Cobb 2012). Animals with less available habitat by 

necessity have smaller home ranges compared to those with more available habitat. 
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Therefore, the observed variation in our system may not be attributed to activity level 

differences, but rather the space available to the individuals within them. 

Active Season Habitat Selection 

 Turtles across our study system selected strongly for shoreline areas; however, the 

features of the shoreline selected varied in the marsh compared to creek areas. For 

example, at the level of third order habitat selection, turtles in the marsh were found to 

select for treed shorelines, whereas turtles in the creek preferred shorelines with no 

vegetation. In contrast to what we expected, the primary shoreline habitat used within the 

marsh and creek did not vary across the active season. The habitat preferences turtles 

exhibited were consistent with studies on other painted turtle subspecies; they are 

commonly associated with shoreline habitats (Rowe and Dalgarn 2010), and they are 

most commonly found on banks with partial cover and suitable basking areas (Pittfield 

and Burger 2017). In contrast to other freshwater turtle species (e.g. Litzgus and 

Mousseau 2004; Markle and Chow-Fraser 2014), western painted turtles did not shift 

habitat selection throughout the active season. Within the Regina urban environment, 

turtles may prefer to use habitat with increased protection from disturbance, while at the 

same time meeting their needs as ecotherms (i.e. basking). Additionally, suitable habitat 

may be limited in our system, as most shoreline features are represented in low 

proportions.  

Human activities may be influencing turtle habitat selection in Regina. Turtles are 

wary, and commonly abandon basking events to avoid perceived predators, including 

humans. High levels of disruption can have negative consequences for energy acquisition 

(Grayson and Dorcas 2004), which if persistent could lead to decreased fitness. Previous 
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studies on midland and eastern painted turtles in urban settings suggest that turtles avoid 

disturbance by occupying areas further from recreation, and prefer shorelines with 

increased vegetation to protect them from recreationist on trails (Grayson and Dorcas 

2004; Peterman and Ryan 2009; Pittfield and Burger 2017). This trend was consistent 

with the habitat selection we observed. Turtles in the marsh selected for particular 

shoreline types, and were associated with vegetation more frequently than areas that were 

exposed and/or directly adjacent to recreational trails. Although creek turtles were not 

found to select shoreline non-randomly through compositional analysis, they were 

commonly found basking on rocks on the north shore of the creek, just west of the dam 

that separates the creek and marsh habitat areas. This location is exposed to the sun 

throughout the day, providing an area for turtles to reach their thermal optima; however, 

it is also on the opposite shore to the recreation path, in turn allowing the turtles to remain 

undisturbed while basking. These shoreline areas should be maintained into the future, as 

decreasing shoreline habitat by removing protective vegetative buffers, will make the 

turtles vulnerable to disruption and result in the turtles abandoning those habitats 

(Grayson and Dorcas 2004; Peterman and Ryan 2009). 

Overwintering Site Selection 

 Individuals displayed high site fidelity to overwintering sites indicating that these 

locations may be limited. During the Big Dig in winter 2004, the area used was the one 

protected area that was not drained through the winter. All turtles monitored through the 

winter returned to the same 90 m section of shoreline in both years, after being dispersed 

through the habitat during the active season. This high site fidelity, and the aggregations 

of turtles present is consistent to what is observed in spotted turtles (Rasmussen and 
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Litzgus 2010) and snapping turtles (Chelydra serpentina; Brown and Brooks 1994) at 

their northern range limits, where suitable habitat is limited. We found that turtles 

selected sites close to shore, which would allow them to be exposed to warmer water 

earlier in the spring than deeper areas within the habitat (Ultsch 1989). Overwintering 

movements were negligible through the winter, but by March some turtles began to 

move, perhaps to seek areas with increased dissolved oxygen levels produced by 

incoming melt water (Ultsch 1989).  

 The ranges of environmental conditions at the used sites were similar to those 

documented for western painted turtles in British Columbia (St. Clair and Gregory 1990; 

Wood and Hawkes 2014) as well as for other subspecies across the range (Crawford 

1990; Crocker et al. 2000; Rollinson et al. 2008). Contrary to what we expected, there 

was no support that turtles selected sites based on dissolved oxygen levels in the water as 

all used and available sites became hypoxic; however, they did select sites that were 

warmer and deeper compared to those randomly available to them. Lab data suggest that 

painted turtles can survive 118-150 days in anoxic conditions at 3°C (Reese et al. 2004; 

Jackson and Ultsch 2010), with western painted turtles from northern populations better 

able to cope with the physiological effects of anoxia by accumulating less lactate than 

southern conspecifics and other subspecies (Reese et al. 2004). Therefore, choosing an 

overwintering location where they can prevent freezing through increased water depth 

and temperature may outweigh the risk of metabolic acidosis due to anoxia. 

Management Implications 

 Our data provide baseline information on population demographics, and identify 

space use and habitat requirements of an urban population of western painted turtles near 
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the northern limit of the species range. To ensure that the population persists into the 

future in this urban parkland, the population should be monitored to verify recruitment. 

This should be accomplished through yearly mark-recapture events in the spring, to 

document population demographics into the future. The data we obtained from our study 

can serve as a baseline to document temporal changes to population size. Using this 

information, the viability of the population can be assessed, and increased protection 

measures such as headstarting and/or creating protected nesting habitat can be 

considered. 

Overwintering habitat is critical to the longevity of this urban population. To 

ensure winter survival, water levels should not be dropped by more than 0.5 m through 

the winter months, as this would cause the overwintering sites to be compromised. A 

minimum of 2 m of water is required within 7-10 m of the shoreline in the core 

overwintering habitat, to ensure viable water temperatures over the winter months. 

Draining of Wascana Creek should be avoided. If management of the depth of Wascana 

Creek via dredging over the winter months is found to be necessary, water levels should 

begin to be dropped early in the fall. Turtles in this population were found to move 

towards overwintering habitat by the beginning of September. By beginning to lower 

water levels at this time, turtles will be able to respond and potentially reach suitable 

overwintering locations. Additionally, the core overwintering habitat should be protected 

so that it does not freeze solid or be drained of water. Failure to do so will result in the 

mortality of the majority of the population, inevitably leading to local extinction.  

The aquatic and terrestrial areas of the park should be managed to ensure a mosaic 

of shoreline habitats, which includes overhanging trees and submerged logs, to provide a 
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protective buffer between the turtles and recreationists, and provide suitable basking 

areas to meet their thermal requirements. Habitats providing a mixture of tree, shrub, and 

cattail shoreline are necessary to allow turtles to maximize their fitness and avoid 

disruption. Shorelines dominated by concrete barriers and areas without vegetation cover 

should not be introduced as they will restrict access by turtles and other wildlife 

inhabiting urban parks; however, they may be beneficial in high-risk areas (i.e. roadsides) 

to minimize risk of mortality. Finally, the majority of the population inhabits the eastern 

portion of the marsh, the Federal Migratory Bird Sanctuary, therefore public access to 

this section should continue to be restricted to minimize the human disturbance to the 

population. By opening this area to the public, we would run the risk that the majority of 

the population abandons that habitat, and potentially the urban environment all together, 

which could lead to population declines.
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Table 1.1 Date ranges and descriptions for the four biologically relevant seasons used to 

describe home-range size and assess habitat selection of western painted turtles in 

Wascana Creek, Regina, Saskatchewan during 2015 and 2016. 

 
Season Year # 

Turtles 
Tracked 

Relocation 
Frequency 

(days) 

Duration Description 

Emergence 2015 11 2±0 May 11 – May 
28 

Emergence from 
overwintering 

sites until the first 
gravid female 

was found 
(determined by 
palpation of the 
rear leg pocket) 

 2016 28 4±0 April 9 – May 
19 

Nesting 2015 22 2±0 May 29 – July 
8 

Continues until 
females are no 
longer found 

gravid 
 2016 28 2±0 May 20 – July 

5 
Post-nesting 2015 23 3±0 July 9 – 

September 3 
Following nesting 

until return to 
overwintering 

areas 
 2016 23 3±0 July 6 – 

September 10 
Fall/Winter 2015 18 F: 7±0 

W: 30±0 
September 4 – 

April 8 
Movements 

within 
overwintering 

sites 
 2016 15 F: 14±0 

W: 30±0 
September 10 

– April 7 
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Table 1.2 Definitions for large-scale and fine-scale habitat features used in the 

compositional analysis of the western painted turtle habitat in Wascana Creek, Regina, 

Saskatchewan. Broad-scale habitat was examined at second-order habitat selection, and 

fine scale habitat was examined at third-order habitat selection (Johnson 1980). Note: M 

= marsh, C = creek. 

 

 Habitat Type Description 
Proportion of 

Habitat 

Broad-scale Habitat 
Features 

Shoreline 
15 m zone on either 
side of the 
delineated shoreline. 

15% 

Urban/Parkland 

200 m zone around 
the study area 
(COSEWIC 2006; 
Steen et al. 2012). 

74% 

Open Water 

Open water 
remaining between 
shoreline buffer 
areas 

17% 

Fine-scale Habitat 
Features 

Barrier 

Man-made vertical 
barrier preventing 
shoreline access for 
turtles 

M – 6% 
C – 3.5% 

Cattails Shoreline dominated 
by cattail vegetation 

M – 60.3% 
C – 28.6% 

No-Vegetation 

Shoreline consists 
of open beach area; 
either cobblestones, 
soil, or sand 

M – 7.4% 
C – 0.5% 

Shrubs 

Shoreline dominated 
by short, dense 
shrub vegetation. 
No visible bank 

M – 11% 
C – 31.5% 

Trees 

Shoreline dominated 
by large 
overhanging trees 
(typically willow). 
Bank always visible 

M – 15.3% 
C – 35.9% 
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Figure 1.1 Study site in Regina, Saskatchewan showing the overall study area (1000 ha; 

black outline) indicating the barrier between the creek (West) and marsh (East) habitat 

areas at Albert St. and the two water control dams (circle) within the creek habitat. 

Hatched area indicates urban parkland. Insets display the North American range of the 

western painted turtle (left), and the location of the study area within Saskatchewan 

(right). 

 

 

 

 

 



 54 

a) 

 
b) 
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Figure 1.2 Used (black circle) and available (grey triangle) sites used to compare 

environmental variables throughout a section of the Wascana Creek study area. Used 

overwintering sites were compared to available sites a) within Goose islands, the known 

overwintering habitat, and b) randomly selected sites within the winter study area.
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Figure 1.3 Mean (± SE) daily distance moved for western painted turtles in Wascana 

Creek, Regina, Saskatchewan showing variation between a) season, b) sex, c) location, 

and d) females (circle) and males (triangle) across the active season.  
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Figure 1.4 Mean (± SE) minimum convex polygon (ha) for western painted turtles in 

Wascana Creek, Regina, Saskatchewan during the active season. Plots compare variation 

between a) season, b) sex, c) location, and d) females (circle) and males (triangle) across 

the active season. 
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Figure 1.5 Proportion of used (grey) and available (white) shoreline habitat types within 

the creek habitat area during a) emergence, b) nesting, and c) post-nesting seasons. 
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Figure 1.6 Proportion of used (grey) and available (white) shoreline habitat types within 

the marsh habitat area during a) emergence, b) nesting, and c) post-nesting seasons. 
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Figure 1.7 Boxplots of a) dissolved oxygen, b) water temperature, and c) water depth 

recorded at used (white; n=3) and available (random: grey; n=12) sites during the winter 
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of 2016 and 2017. The median is depicted as the horizontal black line, boxes represent 

the 25th and 75th percentiles, whiskers depict the highest and lowest values, and the black 

circles represent outliers.
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Chapter 2 

Western painted turtles (Chrysemys picta bellii) in a highly urbanized system: 

unexpected variation in resource use among age classes and sexes
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ABSTRACT 

  Understanding resource use (i.e., diet, habitat) is an important aspect of the 

conservation and management of animal populations, but little is known about these 

fundamental aspects of turtle ecology in urban settings.  We used stable isotopes of 

carbon and nitrogen from western painted turtle nail samples (n=77) to examine isotopic 

niches for individuals in an urban population. Western painted turtles are known to be 

generalist omnivores, so we predicted that there would be little isotopic niche variation 

by sex, location, or age class. In contrast, isotopic niche size varied among groups with a 

difference of 3-times between the groups with the smallest and largest isotopic niche 

sizes. Isotopic niches overlapped between 26-77% with the least overlap between males 

and females. Sex, body size, and location all contributed to variation in resource use 

diversity among different turtle groups. In addition, mixing models indicated that all 

turtles consumed low proportions of a variety of potential prey items, but there were 

differences among groups. Our findings indicate that urban turtles take advantage of a 

wide range of prey, and suggest that aquatic systems with high productivity and diversity 

are best suited for the persistence of turtles.  

Key words: Chrysemys picta, painted turtle, stable isotopes, isotopic niche, resource use
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INTRODUCTION 

Urbanization is an increasing conservation threat for a variety of reptile species 

worldwide. Urban environments experience extensive native habitat loss, have dense road 

networks (Steen and Gibbs 2004), and support subsidized predators (Marchand and 

Litvaitis 2004). Consequently, urban environments can negatively affect the fitness of 

long-lived species, such as turtles, through increased physiological stress, impeded 

movements, and reduced availability of key resources (Birnie-Gauvin et al. 2016). These 

factors are potentially exacerbated in peripheral populations (e.g., northern range limits), 

where the climate is extreme, and reptiles exhibit increased sensitivity to environmental 

changes (Lesbarrères et al. 2014). In northern areas, the cool short growing seasons alter 

turtle life history traits, including slower somatic growth rates (Lovich et al. 1998), older 

age at maturity (Cagle 1954), increased body size (Ashton and Feldman 2003), and larger 

clutch sizes (Christiansen and Moll 1973), compared to southern conspecifics. The slow 

rate of recruitment, combined with the increased risk of adult mortality in urban areas 

could cause northern populations of turtles to be disproportionately affected by 

urbanization. Despite this concern, most studies on freshwater turtles at their northern 

range limits have been conducted in relatively pristine areas with little urban 

development.  

The painted turtle (Chrysemys picta) is one of the most widely distributed 

freshwater turtles in Canada, reaching the northern limit of its range throughout the 

southern portion of most Canadian provinces (Brooks 2007; Ernst and Lovich 2009). 

This species is one of the most studied within North America (Ernst and Lovich 2009; 

Lovich and Ennen 2013); however, most research occurs on populations in the United 
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States. Painted turtles occur in a wide variety of slow moving water bodies such as those 

found in urban areas, and are thought to be fairly tolerant to polluted waters (Ernst and 

Lovich 2009); however, few studies have examined populations in urban areas (e.g. 

Conner et al. 2005; Eskew et al. 2010; Winchell and Gibbs 2016), particularly near the 

northern limit of the species range. Various aspects of the ecology and life history of 

painted turtles have been described in Canadian populations; however, most of these 

studies have been focused on the Midland painted turtle (C. p. marginata) subspecies in 

central Ontario (e.g. Taylor and Nol 1989; Carriere et al. 2008; Rollinson and Brooks 

2007; Rollinson et al. 2008). In Canada, few studies have examined the ecology of the 

Western painted turtle (C. p. bellii) subspecies, which has a larger body size, and reaches 

higher latitudes than the Midland painted turtle.  

Trophic relationships and resource use (e.g., diet, habitat) are key fundamental 

aspects affecting turtle population ecology. For example, in C. picta, resource use 

influences geographic variation in life history characteristics such as clutch size (Gibbons 

and Tinkle 1969), somatic growth rate (Gibbons 1967; Knight and Gibbons 1968), and 

body size (Lindeman 1996, MacCullough and Secoy 1983). Thus, the availability of key 

resources is inherently linked to turtle population size and productivity. Correspondingly, 

information on resource use can be important for the conservation and management of 

urban populations where the surrounding environment is constantly changing as a result 

of anthropogenic influences. These changes can affect prey availability, potentially 

changing what resources are available to turtles in urban areas (Moll 1977). Historically, 

to examine dietary aspects of resource use in turtles, researchers employed three 

methods: i) stomach flushing (e.g. Legler 1977; Parmenter 1980; Lindeman 1996; Cooley 
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et al. 2003), ii) fecal analysis (e.g. McKnight et al. 2015), or iii) dissection (e.g. Knight 

and Gibbons 1968; Hart 1982). These three methods provide short-term information on 

items recently ingested by individuals, and can be biased by capture time (McKnight et 

al. 2015), and by prey items that digest at different rates (e.g. aquatic vegetation vs. 

invertebrates; Kelly 2000). These methods are therefore inadequate for understanding 

resource use over longer time scales. 

Stable isotope analyses enable unprecedented insight into the long-term resource 

use and the isotopic niche of aquatic species. Stable isotope ratios of carbon and nitrogen 

provide information about consumer energy source (δ13C), and trophic position using 

only a small tissue sample (δ15N; e.g., Peterson and Fry 1987; Post 2002; Newsome et al. 

2007). δ13C and δ15N values for consumers enable the examination of the relative position 

of species within their food web (Layman et al. 2007). Additionally, consumer isotopic 

niche size can be quantified and used as a proxy for resource use diversity (Layman et al. 

2007; Jackson et al. 2011). This information can then be used to statistically compare 

resource use within and among groups of interest (Jackson et al. 2011; Guzzo et al. 

2013). Stable isotope analysis provides the potential to identify the long-term 

contributions of different dietary components using isotopic mixing models (Fry 2006; 

Semmens et al. 2009; Phillips 2012; Phillips et al. 2014). Although stable isotope analysis 

has become a common tool in aquatic ecology, it is under-used to study turtles. Much of 

the existing literature focuses on sea turtles (e.g., Seminoff et al. 2012; Godley et al. 

1998; Reich et al. 2007; McClennan et al. 2010), and several have reconstructed adult 

diet composition (e.g. Wallace et al. 2009; Lemons et al. 2011). However, only a few 

recent studies have used stable isotope analysis to examine resource use and isotopic 
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niche in freshwater turtles (e.g. Bulte and Blouin-Demers 2008; Pearson et al. 2013; 

Aresco et al. 2015), particularly in urban settings (e.g. Hofmeister et al. 2013; Ferronato 

et al. 2016).  

Here we examine the isotopic resource use and niche of an urban western painted 

turtle population in Saskatchewan, Canada, by examining stable isotope ratios of carbon 

(δ13C) and nitrogen (δ15N) in nail samples. Our study population lives in a small aquatic 

system located in Regina, SK near the northern limit of the range for the western 

subspecies. To our knowledge, urban populations of western painted turtles in areas 

highly influenced by anthropogenic inputs have not been examined. Based on data from 

other populations, we hypothesized that the western painted turtles in our study area 

would be generalist omnivores, and predicted that they would consume a diverse range of 

prey. We expected little to no diet-related isotopic variation among individuals, or based 

on sex or capture locations in this small urban system. To test this hypothesis, we 

examined factors potentially influencing isotopic ratios and niche size, such as body size, 

sex, and capture location, and applied Bayesian mixing models to identify primary diet 

items. Our overall objective was to better understand resource use to inform ongoing 

conservation efforts for this urban population. 

METHODS 

Study Site 

We studied a population of western painted turtles in Wascana Creek, an urban 

waterbody in Regina, SK (Fig. 2.1). Wascana Creek is relatively shallow and macrophyte 

rich, beginning southeast of Regina, flowing west through the city before entering into 

the Qu’Appelle River. Within city limits, the system consists of a narrow creek, with a 
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widened man-made lake (average 8 m deep) and marsh (average 2 m deep) section. Four 

major roadways, including the Trans Canada Highway, intersect the study area. The 

surrounding shoreline primarily consists of urban green space with activity trails, 

parkland, golf courses and vegetated shores, which is bordered by residential and 

commercial development (Fig. 2.1). At the creek inflow on the eastern limit of the study 

area, cattail patches line the shore and surrounding area, and residential development is 

typically farther from the shoreline (~150 m). Telemetry data showed no turtle movement 

between the marsh (east) and creek (west) habitats due to a water control dam, which acts 

as a barrier between the two habitat areas (Chapter One). Therefore, marsh and creek 

turtles were treated as two disjunct groups for our analysis. 

Turtle Nail Sampling 

Turtles were captured using a combination of hand capture, dip nets, and baited 

hoop traps from April to September 2015 and 2016. For each turtle, midline carapace 

length (mm; ±1 mm) was measured using tree calipers, and mass (g; ±1 g) was measured 

using a digital scale. The sex of each individual was determined by observing secondary 

sex characteristics (Ernst and Lovich 2009). If secondary sex characteristics were not 

visible, they were classified as either subadult or juvenile (<115 cm carapace length). 

Over the course of two years, 77 individuals (38 females, 24 males, six subadults, and 

nine juveniles) were captured and notched with a unique identifier along the marginal 

scutes of the carapace (Cagle 1939).  

Upon capture, all nails on both hind feet were cleaned with isopropyl alcohol 

wipes. Samples were trimmed from the end of each nail using pet nail clippers, and 

stored in 1.5 mL centrifuge tubes. Nail samples in Trachemys scripta, a species closely 
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related to western painted turtles, have been found to have a turnover rate of 

approximately six months for δ15N, and more than six months for δ13C (Aresco et al. 

2015). Similarly, δ15N and δ13C turnover rates are estimated to be five to seven months 

for muscle, dermal tissue, and blood of T. scripta (Seminoff et al. 2007). Due to the 

metabolism of ecotherms decreasing during the overwintering period, nail samples were 

assumed to provide long-term information on isotopic values accumulated over the active 

season. 

Food Web Sample Collection  

 In May 2016, we sampled potential aquatic prey items for turtles from 16 

randomly selected locations within the study area (Fig. 2.1). These locations were 

generated in ArcGIS using the Random Points function in the Data Management 

Toolbox. Samples were collected using a combination of hand nets, seine nets, and 

minnow traps. Prey types were selected to represent known diet items that were available 

to the turtles, as well as to keep sample items consistent between locations. Prey items 

that were collected included amphipods (Order: Amphipoda; n=39), aquatic vegetation 

(n=67), chironomid larvae (Family: Chironomidae; n=58), crayfish (Order: Decapoda; 

n=28), damselfly nymphs (Order: Odonata; n=34), fathead minnows (Pimephales 

promelas; n=77), stickleback (Gasterosteidae sp.; n=44), and water beetles (Order: 

Hemiptera; n=60). Samples were stored in 150 mL containers on ice, and transferred to a 

freezer at -20°C until processed. For stable isotope analyses, samples were thawed, 

sorted, and muscle tissue was dissected from crayfish and fish samples. All the 

procedures involving animals were approved by the University of Regina President’s 

Committee on Animal Care, protocols 15-03 and 16-08. 
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Stable Isotope Analysis 

 We weighed 0.4-0.7 mg from nail samples and placed it into tin capsules for 

isotope-ratio mass spectrometry (IRMS). To generate the appropriate mass, samples were 

taken from one nail for adults, and up to five nails for subadults and juveniles. Prey 

samples other than fish were rinsed with distilled water and dried whole in a drying oven 

at 50°C for approximately five days. Dried samples were ground into a fine powder using 

a mortar and pestle and stored in glass scintillation vials. Muscle samples dissected from 

fish and crayfish were similarly dried, and ground to a fine powder using a dental 

amalgamator. Lipids were extracted from the invertebrate and fish muscle samples using 

a 2:1 chloroform-methanol solution, following the methods of Doucette et al. (2011). All 

samples were weighed (vegetation: 3-5 mg, invertebrate/fish muscle tissue: 0.4-0.7 mg) 

and placed into tin capsules for IRMS.  

 Carbon (δ13C) and nitrogen (δ15N) stable isotope analyses were performed using a 

Thermo Finnigan Delta V IRMS at the Institute of Environmental Change and Society at 

the University of Regina, Saskatchewan, Canada. Laboratory standards of bovine liver 

and wheat, as well as duplicates for each eight-sample interval were used for quality 

control. Stable isotope values are expressed as (δ) in per mil (‰), measuring against the 

international standards of atmospheric nitrogen and Vienna-PeeDee Belemnite for 

nitrogen and carbon, respectively. Replicate samples had standard deviations of <0.2‰ 

for both δ15N and δ13C. 

Inter- and Intragroup Isotopic Variation 

Turtle stable isotope data were grouped by capture location (marsh vs. creek), and 

sex/maturity (female, male, or sub-adult/juvenile). We used linear regression analyses to 
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examine relationships between body size (mid-line carapace length) and both δ15N and 

δ13C. We used two-way Analysis of Variance (ANOVA) to examine potential variation in 

isotope ratios based on sex, location, sample month, and the interaction between sex and 

sample years to ensure data from both years could be combined. 

Niche Size and Overlap 

We used isotopic niche analysis using standard ellipses in the package Stable 

Isotope Bayesian Ellipses in R (SIBER; Jackson et al. 2011) to determine if isotopic 

resource use was the same across groups within each of the two habitat categories. 

Quantitative metrics of niche dimension (Standard Ellipse Area; SEA) were calculated 

for each sex within the marsh and the creek habitat. The core isotopic niche area for each 

group was determined using a 40% confidence interval standard ellipse around sampled 

individuals in each sex/location group. This value was then corrected for small sample 

sizes (SEAc; Jackson et al. 2011). Isotopic niche overlap metrics between groups within 

each location were measured using the methods of Stasko et al. (2015). Percent isotopic 

niche overlap >60%, indicates significant overlap in dietary resources (Mathur 1977; 

Guzzo et al. 2013). Isotopic niche size was compared using Bayesian probability testing, 

using the Bayesian SEA (SEAb; Jackson et al. 2011) to statistically test the probability 

that the SEAb of one sex group was smaller than another in the same habitat area.  

Isotopic Mixing Model Analysis 

To examine how potential prey items contribute to isotopic variation, we used the 

Bayesian Stable Isotope Mixing Model Analysis package in R (MixSIAR; Stock and 

Semmens 2013). This allowed examination of potential turtle prey items accounting for 

isotopic values from the consumers, prey, and trophic enrichment factors, using an 
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uninformative prior (α=1,1,1…). The isotopic values of sampled prey items were grouped 

to represent creek or marsh habitats. The mixing model calculated the proportion of each 

prey species for each turtle group using the mean (±SD) δ13C and δ15N for each of the 

eight potential prey items, and the δ13C and δ15N values for each individual turtle, within 

each habitat area. Consumers tend to be enriched in δ13C and δ15N relative to their prey 

(Post 2002); to account for this we used a trophic enrichment factor of 0.23‰ for δ13C 

and 2.3‰ for δ15N. These values were previously determined in the lab for nail samples 

from T. scripta (Aresco 2005, Aresco et al. 2015). Model convergence was verified at a 

200,000 iterations using Gelman-Rubin, and Geweke diagnostics (Stock and Semmens 

2013). 

RESULTS 

Turtle Nail Samples 

 We collected 77 nail samples representing 66 turtles from the marsh (32 females, 

19 males, 15 subadults), and 11 turtles from the creek (6 females, 5 males). The majority 

of the nail samples were collected during 2016 (n=63), with only 14 samples collected 

during 2015. Values of δ13C and δ15N in the turtle nails varied among and within the two 

study areas (Table 2.1). Mean δ13C ranged from -26.53 ± 0.92‰ found in the creek males 

to -27.96 ± 1.14‰ found in the marsh subadults. Mean δ15N also varied from 9.83 ± 0.45 

found in the marsh males, to 11.19 ± 0.89‰ in the creek females. Overall mean δ15N 

values for the marsh turtles were lower than values for individuals of the same sex in the 

creek. 
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Inter- and Intragroup Isotopic Variation 

There was a weak but statistically significant relationship between body size and 

both δ13C (F1,75=8.66, r2=0.10, p<0.01) and δ15N values (F1,75=6.52, r2=0.080, p=0.01). 

Nail tissue was slightly enriched with the heavier isotopes as body size increased (Fig. 

2.2); δ13C increased 0.01‰ per cm, and δ15N increased 0.005‰ per cm. Analysis of 

variance indicated a significant effect of sex (F2,66=5.94, p<0.01) and the interaction 

between sex and year (F3,66=7.11,p<0.01) on δ13C, and a significant effect of sex 

(F2,66=4.88, p=0.01), and site (F1,66=19.6, p<0.01) on δ15N. Tukey’s post-hoc tests 

indicated a significant difference in δ13C between subadults and both females (p<0.01) 

and males (p=0.02), between subadults sampled in 2015 and 2016 (p<0.01), and a 

significant difference in δ15N between females and subadults (p=0.02). When examining 

the isotopic niche of subadults separately between the two sample years, we found that 

the subadults displayed distinct isotopic values between years. To ensure that adult 

samples from the 2015 and 2016 field seasons could be combined for analysis, we 

completed a paired t-test among individuals that had nail samples taken in both field 

seasons. No significant difference was detected between years for marsh (δ13C: t29=0.412, 

p=0.684; δ15N: t29=1.86, p=0.074) and creek turtles (δ13C: t6=1.18, p=0.284; δ15N: t6=-

1.61, p=0.16), therefore, adult nail samples from the 2015 and 2016 field seasons were 

pooled. 

Niche Size and Overlap 

Due to the variance noted between 2015 and 2016 for subadult isotopic values, 

isotopic niche analysis was completed between the two years to compare isotopic niche 

size and overlap. The SEAc for subadults in 2015 was 1.18 ‰2, and in 2016 was 1.94‰2. 
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Between the two years, there was no isotopic overlap, and the Bayesian probability of 

subadults in 2015 having a smaller isotopic niche than subadults in 2016 was 87% (Fig. 

2.3). Therefore, due to the potential temporal effect of sample years, subadults sampled in 

2015 were removed from the following analyses. 

Isotopic niche size (SEAc) varied across locations and sexes with the smallest 

SEAc in the creek females (0.76‰2) and the largest in the marsh females (1.97‰2; Fig. 

2.4).  Within the marsh, female δ13C and δ15N ranged ~ 4‰ among individuals, males 

ranged ~1‰, and subadults ranged ~2‰, and ~3‰ in δ13C and δ15N, respectively. Within 

the creek, female isotopic values ranged 1‰ in δ13C and 2‰ in δ15N, and males ranged 

2‰ in δ13C and 1‰ in δ15N. Isotopic niche overlap within the marsh habitat varied 

among groups. Within the marsh, there was 36% isotopic niche overlap between females 

and males, and a high probability (>90%) that the female isotopic niche is greater than 

males (probability F>M = 99%). There was 77% isotopic niche overlap between females 

and subadults with a low probability that the isotopic niche of females is greater than the 

subadults (F<S=45%). There was 55% isotopic niche overlap between males and 

subadults with a high probability that the isotopic niche of subadults was greater than 

males (M<S=95%). Within the creek habitat, there was 26% isotopic niche overlap 

between females and males, with a low probability that the female isotopic niche is 

greater than the males (F<M=45%). 

Isotopic Mixing Model Analysis 

Eight potential prey items were collected from random sites representing the 

creek and the marsh habitat. Mean isotope values for each prey item differed between the 

marsh and the creek habitats (Table 2.2). Overall, mean δ15N values in potential prey 
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items were lower in the marsh habitat than values found for the same prey item in the 

creek. Bi-plots were created to represent the food web structure in the marsh (Fig. 2.5a) 

and creek (Fig. 2.5b) habitats. Within the mean prey isotope values, there was a 

difference of 3‰ in δ13C and 2‰ in δ15N in the marsh, and a difference of 4‰ in δ13C 

and 6‰ in δ15N in the creek. Using Bayesian mixing model analysis, the credible interval 

proportions of the prey items in the diet of the five groups was determined. All prey items 

were represented within the mixing models of turtles found in both marsh (Fig. 2.6a) and 

creek (Fig. 2.6b) habitats, indicating that the turtles consume a variety of prey sources 

available to them to varying proportions. The prey item that was most highly represented 

was crayfish for marsh females and subadults, amphipods for marsh males, and 

chironomid larvae for both creek males and females. 

DISCUSSION 

Based on stable isotope data we conclude that western painted turtles are 

generalist omnivores consuming a wide variety of prey items; however, not all sexes and 

age classes appear to use the same resources. As omnivores, we expected to see high 

proportions of isotopic niche overlap, and low variation in isotopic niche size across all 

individuals and groups. In contrast, isotopic niche sizes varied among sex and age 

classes, with ranges of resource use overlap from 26-77%. This indicates that some 

groups have a wider range of isotopic resource use than others, and that some groups use 

distinct isotopic resources from others (i.e. higher trophic level, location in habitat; 

Mathur 1977; Layman et al. 2007; Guzzo et al. 2013). Regardless of the habitat area, 

males and females exhibited differing isotopic resource use, with low degrees of overlap. 

This can be explained by the range of δ13C and δ15N values exhibited by the males and 
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females within the two habitat areas. In the marsh habitat, females were more enriched in 

δ15N than males, indicating that they are consuming prey items from a higher trophic 

level in comparison to males (Peterson and Fry 1987; Post 2002). This is further 

supported by the mixing model analysis, which postulates that females consume a higher 

proportion of crayfish, while males consume a higher proportion of amphipods.  In 

contrast, in the creek habitat, males were more enriched in δ13C, indicating that they are 

potentially consuming items from a wider variety of carbon sources, perhaps targeting 

more benthic prey than females (Post 2002). The mixing model analysis postulates that 

both males and females consume a high proportion of chironomid larvae; therefore, 

males may be consuming chironomid larvae from deeper areas of the creek than females. 

Our data do not permit more specific inferences about the differences between the sexes 

at this time. 

Vegetation is abundant in the Wascana system, but turtles selected to consume 

animal prey. In addition, the turtles did not display an ontogenetic shift in diet, such that 

subadults are carnivorous and adults are herbivorous as described by Gibbons (1967). All 

groups displayed high degrees of carnivory, with isotopic values more closely resembling 

benthic invertebrates and crayfish, than vegetation and fish (Fig. 2.5). Traditional 

stomach content analyses of a western painted turtle population in the nearby Qu’Appelle 

River north of Regina found similar dietary patterns with turtles consuming high 

proportions of crayfish and benthic invertebrates (Order: Amphipoda, Hemiptera, and 

Odonata), and low proportions of vegetation and fish (stickleback and minnows; 

MacCullogh and Secoy 1983). Previous studies on diet have indicated that painted turtles 

in northern populations exhibit higher degrees of carnivory to facilitate increased growth 
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rates, attain larger body sizes, and produce larger clutches, when challenged with shorter 

active seasons than their southern conspecifics (Gibbons 1967; MacCulloch and Secoy 

1983; Lindeman 1996; Cooley et al. 2003). Turtles in northern environments need to 

ensure they have adequate stored energy sources to sustain themselves through the winter 

and into the spring. At the northern limit of the species range, a herbivorous diet may not 

provide sufficient energy resources in comparison to a carnivorous diet with high caloric 

content (Cooley et al. 2003).  

Turtles and their prey from the creek habitat were more enriched in δ15N in 

comparison to the marsh. Typically this variation would indicate a change in resource use 

(i.e. trophic level) among individuals of the same species; however, it could also be due 

to anthropogenic influence on the baseline isotopic values in the system (Cabana and 

Rasmussen 1996; Hofmeister et al. 2013; Pearson 2013 Ferronato et al. 2016). 

Hofmeister et al. (2013) found that C. picta had elevated δ15N in tail tissue at sites with 

high agricultural influence, which was correlated to similarly elevated baseline δ15N 

values in duckweed (Lemna sp.) from the same habitat. A similar study examining the 

isotopic composition of eastern long-necked turtles (Chelodina longicollis) found a 

significant difference in δ15N values among study sites, with higher δ15N values in 

suburban sites and lower δ15N in more natural sites (Ferronato et al. 2016). Varying 

degrees of urban development surround both habitat areas in our study, with inflows to 

the system through storm water drains and runoff; however, there are comparably more 

inflows per surface area, decreased natural buffers (urban parks), and increased 

channelization in the creek habitat compared to the marsh habitat. Overall, our data 

indicate site-specific variation on a relatively small spatial scale, reiterating the need to 
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tailor sampling of prey items accordingly across study areas. Urban areas and transitions 

among areas with different surrounding land use may be more susceptible to this 

potential problem for stable isotope studies. 

Isotopic niche variation across subgroups was by far the largest in subadult 

turtles. Subadults showed large and significant differences in δ13C compared to adults, 

and also a major temporal shift of 4‰ across years. Changes of 0-1‰ in δ13C typically 

indicate a change in consumer energy source (Peterson and Fry 1987). Little is known 

about subadult life stages due to their cryptic nature; however, a study on painted turtles 

in Michigan found an ontogenetic shift in habitat use, such that subadult turtles more 

commonly inhabit shallower areas than adults (Congdon et al. 1992). Correspondingly, 

we expected subadults to exhibit more depleted δ13C compared to the adult δ13C values. 

This trend was evident when we examined both subadult sample years together; however, 

when the two years were separated, we found a distinct temporal difference between δ13C 

values, with samples in 2016 being more 13C-enriched than 2015. Temporal differences 

in isotopic niche could indicate variation in prey and/or habitat use for subadults across 

years. Increased somatic growth may also contribute to subadult variation. Desert box 

turtles (Terrapene ornate luteola) and loggerhead sea turtles (Caretta caretta), have 

carbon turnover rates that are faster in younger, more rapidly growing individuals, which 

may more readily capture temporal changes (Reich 2008; Murray and Wolf 2013). In 

turtles, somatic growth rates decrease substantially with age, with little to no growth 

following sexual maturity (Ernst and Ernst 1973; Congdon et al. 2013); therefore, 

subadult isotopic values may be more susceptible to temporal isotopic variation due to 

increased metabolic turnover. Future studies should examine isotopic and metabolic 
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turnover in the lab and in the field, to further understand the variation between subadult 

and adults. 

Management Implications 

Our data indicate that turtles within Regina are largely carnivorous, and take 

advantage of a wide variety of animal prey items. Thus, long-term management of this 

urban system should focus on ensuring high productivity and prey diversity to meet turtle 

requirements. However, invertebrate prey are likely more important to turtles than fish or 

vegetation, so consideration may be given to enhancing habitat accordingly. Surprisingly, 

we found a diversity of isotopic niche ranges, niche sizes, and niche overlap values for 

different subgroups of turtles despite their overall status as generalist omnivores. There 

were also high levels of variation among individuals within each group, which was likely 

due to a combination of body size, sex, location, and diet composition. Overall, our data 

suggest that individual western painted turtles in Regina are flexible in terms of resource 

use.  

In general, urban environments are characterized by lower species diversity than 

non-urban areas (McKinney 2002; 2008).  To enhance foraging opportunities for urban 

turtles, managers should focus on continuing to provide a heterogenous shoreline and 

aquatic landscape, which are more likely to provide suitable habitat for a variety of prey. 

Shorelines consisting of a mixture of large overhanging trees, shrubs, and cattails will 

provide necessary habitat for the urban turtle population, as well as create habitat to 

sustain a variety of prey species. Shorelines should also consist of both shallow (30 cm) 

and deeper (1-2 m) portions to provide a suitable temperature profile to increase benthic 

invertebrate abundance and diversity, and to facilitate turtle metabolism and digestion in 
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a protected area. Shorelines that consist of concrete barriers, and open beaches should not 

be introduced as these do not provide suitable habitat for the urban turtle population, and 

they do not appear to sustain many prey species. An exception would be in high risk 

areas (i.e. roadsides) where concrete barriers may prove beneficial to restrict overland 

movement by turtles.
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Table 2. 1 Stable isotope values and niche metrics based on δ13C and δ15N for an urban 

population of western painted turtles using two disjunct habitats. Isotopic mean ± 

standard deviation, standard ellipse area (SEAc – corrected for small sample size), and 

midline carapace length (mid CL) are reported for each group within the creek and the 

marsh habitat areas. 

Location Sex n mid C.L. 
(mm) 

δ13C  
(‰) 

δ15N  
(‰) 

C:N SEA  
(‰2) 

SEAc  
(‰2) 

Marsh F 32 217 ± 20 -26.97 ± 0.83 10.41 ± 0.73 3.66 ± 0.06 1.89 1.95 
 M 19 183 ± 23 -27.10 ± 0.73 9.83 ± 0.45 3.72 ± 0.09 0.96 1.02 
 SJ 10 112 ± 40 -27.96 ± 1.14 10.0 ± 0.75 3.73 ± 0.08 1.72 1.94 

Creek F 6 207 ± 11 -27.19 ± 0.27 11.19 ± 0.89 3.70 ± 0.09 0.61 0.76 
 M 5 193 ± 6 -26.53 ± 0.92 11.17 ± 0.28 3.71 ± 0.12 0.82 1.09 
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Table 2.2 Stable isotope values for δ13C and δ15N from prey items sampled at 16 

randomly selected sites within the creek and the marsh habitat areas. Values are listed as 

isotopic mean ± standard deviation and were used in mixing models of turtle diet. 

Prey Item Location δ13C (‰) δ15N (‰) 
Amphipods Marsh -26.62 ±0.92 6.5 ± 0.82 

 Creek -25.10 ± 0.95 8.34 ± 0.63 
Aquatic Vegetation Marsh -26.75 ± 2.23 5.50 ± 2.42 

 Creek -26.31 ± 2.42 6.71 ± 1.43 
Chironomid Larvae Marsh -29.14 ± 2.14 7.33 ± 1.71 

 Creek -27.68 ± 1.97 9.12 ± 0.80 
Crayfish Marsh -26.90 ± 0.99 8.91 ± 1.30 

 Creek -26.34 ± 0.32 11.42 ± 0.20 
Damselfly Nymphs Marsh -29.72 ± 0.82 8.27 ± 0.57 

 Creek -27.00 ± 0.72 10.43 ± 0.29 
Fathead Minnows Marsh -27.92 ± 1.17 11.02 ± 0.88 

 Creek -28.18 ± 1.62 12.0 ± 0.82 
Stickleback Marsh -27.10 ± 1.44 11.38 ± 0.70 

 Creek -26.42 ± 0.88 12.75 ± 0.75 
Water Beetles Marsh -28.70 ± 3.46 7.22 ± 1.67 

 Creek -29.02 ± 2.80 7.02 ± 1.69 
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Figure 2.1 Study site in Regina, Saskatchewan showing the barrier (white diamond) 

between the creek (west) and marsh (east) habitat areas, and the 16 randomly selected 

sites (black circles) where prey items were sampled in May 2016. Major land use 

includes major roads (black), residential roads (grey), and urban green spaces (hatched 

area). Insets depict the North American range of the western painted turtle (Chrysemys 

picta bellii), and the provincial range with the location of the study site indicated (black 

pentagon). 
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Figure 2.2 Regression analysis depicting the relationship between δ13C (grey diamonds) 

and δ15N (black squares), and midline carapace length (mm; a proxy for body size) in an 

urban population of western painted turtles. The proportion of heavy isotopes was found 

to increase in response to increasing body size. 
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Figure 2.3 δ13C and δ15N values for subadult western painted turtles captured during 

2015 (black circles) and 2016 (grey triangles). The 40% confidence interval standard 

ellipses represent the core isotopic niche for each field season. The dashed lines indicate 

the convex hull of the data points within each field season. No isotopic overlap was 

detected between years indicating temporal variation in subadult isotopic values. 
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Figure 2.4 δ13C and δ15N values for western painted turtles in both the marsh (open 

circle/solid line) and creek (open triangle/hashed line) habitat areas. Standard ellipses 

indicate the 40% confidence interval representing the core isotopic niche for each group. 

Dashed lines (light grey) indicate the convex hull of the data points for each group. Male 

(dark grey), female (black), and subadults (grey) are indicated separately. 
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Figure 2.5 δ13C and δ15N bi-plot of western painted turtle nail tissue and potential prey 

items from the a) marsh and b) creek habitat areas. Stable isotopes values are plotted as 
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individual data points for the turtle nail samples, and mean ±S.D. for prey items, 

accounting for the trophic enrichment factor. 
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Figure 2.6 Boxplot showing the range of estimated proportions of eight potential prey 

items in the diet of female (black), male (white), and subadult (grey) western painted 

turtles in the marsh (a) and creek (b) habitat areas. Boxes indicate interquartile range, 

bars indicate the median, and whiskers indicate the confidence interval range of feasible 

solutions determined by MixSIAR (Stock and Semmens 2013).
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GENERAL CONCLUSION 

Synthesis and Management Recommendations 

It is important to preserve natural spaces by means of urban parks, for the benefit 

of native wildlife and nature viewing opportunities for people. To maintain urban parks, 

habitat and resource needs for animals should be identified so that land managers can 

make informed decisions about how parks should be maintained over the long term. One 

such important wildlife population is the western painted turtles residing in Wascana 

Creek, which is bordered by urban parks and development. This population is considered 

locally important, so much so that a non-profit conservation organization (Friends of 

Wascana Marsh) was formed largely to ensure protection of these urban turtles. Wascana 

Creek flows through a major urban center and is a key feature of one of Canada’s largest 

urban parks, yet turtles here have never been previously studied. This need for basic 

ecological information is exacerbated by continued urban and human population growth 

in the Regina area, as well as major habitat changes to Wascana Creek like the Big Dig in 

2004. Additionally, western painted turtles in Saskatchewan are at their northern range 

limit, and have only been studied once before in the Qu’Appelle River watershed 

(MacCulloch and Secoy 1983a, b), so information is sparse for this location and 

subspecies.  

I was able to identify that within a highly urban environment, turtles in this 

population occupy space and respond to habitat availability similar to those in more 

pristine environments. However, in this urban environment, turtles did not make 

extensive overland movements towards other habitat areas; instead, they primarily 

occupied shoreline and open water habitats. I recommend that the shorelines continue to 
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be maintained to provide sections of overhanging trees, shrubs, and cattails. This will 

ensure protection from disturbance through a vegetative buffer, and provide basking 

habitat (i.e. large overhanging trees) to meet their needs as ectotherms. Shorelines 

consisting of concrete/vertical walls and areas without vegetation cover should not be 

introduced as they restrict shoreline access and do not provide protection. However, 

shorelines of concrete barriers may be beneficial in areas that are at high risk of vehicle 

impacts (i.e. close proximity to roadsides) to restrict overland movement in those 

locations. Over the course of the study, I found that the majority of the population 

inhabits the eastern portion of the marsh, the Federal Migratory Bird Sanctuary, therefore 

public access to that section should continue to be restricted to minimize human 

disturbance to the population and other wildlife inhabiting that area. 

Suitable overwintering habitat is critical to the survival of this urban population. 

The turtles that were studied through the winter returned to the same location each year, 

indicating that overwintering habitat is a limiting resource in this urban environment. The 

area used was also the same location that was protected from draining during the Big Dig 

in winter 2004. Through this study, I was able to identify that water temperature and 

water depth were two important factors in determining a suitable overwintering location. 

The location that the turtles overwinter was originally created to provide a deep-water 

intake for a power plant on the north shore. Although the inlet no longer functions, this 

does indicate that if proper environmental conditions are met, turtles in this population 

may overwinter in artificially created habitat. To ensure persistence of this population, 

water levels within Wascana Creek should be regulated to ensure that they are not 

dropped by more than 0.5 m through the winter months, as this will cause the 
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overwintering sites to be compromised and likely cause mortality of the population 

(Bodie and Semlitsch 2000). A minimum of 2 m of water is required within 7-10 m of the 

shoreline of the core overwintering habitat. Draining of Wascana Creek should be 

avoided for research and management purposes. If management of the depth of Wascana 

Creek via dredging over the winter months is found to be necessary, the core 

overwintering habitat of this population should be protected so that it does not freeze 

solid or be drained of water. Over the course of the study, I documented turtles beginning 

to move towards their overwintering habitat by the beginning of September, therefore 

should it be deemed necessary that Wascana Creek be drained (with the exception of the 

overwintering habitat), water levels should begin to be lowered at that time to allow 

turtles time to reach a suitable overwintering location. If these measures are not taken, it 

will result in the mortality of numerous individuals, inevitably leading to local extinction 

of the population. 

I also found that the isotopic resource use of this urban population varies 

depending upon age, sex class, and location. Although western painted turtles are 

considered generalist omnivores, individuals in this population were largely carnivorous, 

taking advantage of a wide variety of animal prey items available to them in the habitat. 

Long-term management of this urban system should focus on ensuring high productivity 

and prey diversity. This can be met through a vegetated shoreline, as described above, as 

well as varied shoreline depths (0.5-2 m deep) to create a suitable temperature/habitat 

profile to increase invertebrate abundance, in an area that is typically characterized by 

low biodiversity (McKinney 2002; 2008).  The shallow shoreline areas would also serve 

as an aquatic location for the turtles to retreat to, to increase their body temperatures to 
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facilitate metabolism and digestion, without being exposed to predators or human 

disturbance.  

Currently the majority of Wascana Creek does support a variety of aquatic species 

with higher abundances of prey species collected on the eastern portion of the study area 

compared to the west. Dragonfly and damselfly larvae were found in most sample 

locations, which may indicate a good level of environmental health within the Wascana 

system as they are highly susceptible to habitat change and water quality making them a 

good indicator species for aquatic habitats (Clausnitzer et al. 2009). Other notable species 

that were found, but not used as part of this study due to lack of presence throughout the 

sample areas, were yellow perch (Perca flavescens) and northern pike (Esox lucius). 

Observing a variety of aquatic species in this system indicates that it is currently 

providing suitable habitat for a variety of organisms, therefore management of the area 

should focus on maintaining the current shoreline and aquatic habitat and use the 

management recommendations listed above as guidelines should changes to the shoreline 

or aquatic habitat be required in the future. 

Overall, I found that western painted turtles in Regina appear to be generalists in 

regards to both habitat and diet. However, within and among subgroups, turtles exhibited 

high degrees of isotopic variation indicating that within a small urban population there is 

perhaps individual specialization in resource use. This specialization may be a result of 

individual preference of particular prey items, which is supported by preliminary results 

from subgroup diet analysis, or by individual preference for particular core habitat areas. 

For example, a female in the marsh habitat may select to use treed shoreline like that of 

other marsh turtles; however, she may prefer to bask in overhanging trees found in the 
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lake where she has access to increased amounts of crayfish than what may be found in 

another section of the habitat. Further investigation into individual variation by 

combining data on space and habitat use, with isotopic values found in the habitat and the 

individual turtles, may help elucidate if there is individual preference within the 

population.  

Future Research 

 I was able to provide an estimate of population size in this urban environment. I 

estimated the population to be approximately 82 individuals (±8), the majority of which 

were sexually mature individuals over 150 mm carapace length. To ensure that this 

population persists, I recommend that community partners complete a mark-recapture 

event a minimum of once per year. This event should occur during the spring, when the 

population is aggregated to bask upon emergence, to ensure high capture rates of 

individuals in the population. This will allow documentation of population dynamics to 

ensure a healthy urban population. Using this information, research into the viability of 

the population can be assessed, and increased protection measures (e.g. headstarting) can 

be undertaken, if necessary. 

Maintaining a healthy population requires not only retaining sexually mature 

adults, but also evidence of recruitment into the population. Without evidence of healthy 

recruitment, this population is at risk of becoming functionally extinct. I found few 

individuals of young life stages (neonates, juveniles, subadults). Future research should 

focus on this age group to ensure recruitment into the population to avoid population 

declines. This can be completed through radio-telemetry and mark-recapture studies 

focusing on the young life stages to identify their used habitat and determine if it differs 
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from that of the individuals monitored in my study. Additionally, I was able to identify 

locations where the females nested; however, monitoring the success of these nests was 

not a main objective. Future studies should examine these nesting areas to determine 

what nesting habitat is required in this urban prairie environment, as well as identify nest 

success, and nest threats (e.g. predation, human disturbance). Three females, which 

represent 7% of females captured, were hit by vehicles therefore understanding how the 

females use the urban landscape including roads during nesting movements is critical in 

retaining sexually mature females into the future. Knowledge of this information can 

assist managers to properly maintain surrounding upland habitat, and, if necessary, create 

nesting habitat away from roads (i.e. protected sand piles), or protect nests in existing 

habitat (i.e. nest caging). 
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APPENDICES 

Appendix I. Histogram depicting the midline carapace length (mm) of western painted 

turtles captured within Wascana Creek. The majority of turtles captured were sexually 

mature individuals over 150 mm carapace length. 
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