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Abstract 
 
 
Turtles are arguably the most threatened order of vertebrates, yet we still know surprising little about 

the ecology and annual cycle of most species across their respective ranges. This is also true of the eight 

freshwater turtle species that occur in Ontario, Canada, all of which are considered at risk. My Masters 

thesis focused on one of these species, the Northern Map Turtle (Graptemys geographica), for which we 

have limited data on nest phenology from only two locales in the USA.  Hatchling emergence from the 

nest is not a straightforward product of time since oviposition, varies among species, and is not well 

understood. Map turtle hatchlings have been shown to be capable of overwintering in the nest, but do 

not always do so. I investigated the emergence phenology of an urban population of Northern Map 

Turtles near the northern limit of the species range to better understand the ecology of the species as a 

whole, and these local populations specifically. I sought to answer two broad questions: 1. What are the 

rates of survival and timing of emergence of hatchlings at this location relative to other sites and 

species? And 2. What proximate and ultimate factors might contribute to emergence timing?  I found, 

protected, and installed temperature data loggers in 61 Northern Map turtle nests in 2018 and 2019 in 

Kingston, Ontario, Canada and nearby rural locations near the Queen’s University Biological Station. I 

compared emergence timing to nest temperature, air temperature and rainfall. The overall survival rate 

was 70% and 65% for overwintering clutches. 25% of clutches emerged in the fall and 75% of clutches 

remained in the nest over winter. I found that winter nest temperature below a threshold of -8°C 

negatively impacted the survival of overwintering clutches. Most notably, I found that higher amounts of 

rainfall and a smaller nest-air temperature difference increase the odds of emergence. I found some 

evidence of a latitudinal trend in proportion of fall versus spring emergence in temperate North 

American turtles implying adaptation or plasticity in response to local environmental conditions. These 
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findings help fill the gaps in our knowledge of this species phenology and will help us to be better able to 

appreciate and conserve them. 
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1.0 Introduction 

Human activities pose immense threats to global biodiversity (WWF Living Planet Report 2018), 

with large fractions of contemporary species diversity within many taxonomic groups at risk. Among 

these are many reptile taxa. For example, of the estimated 10,000 extant reptile species (reptile-

database.org), roughly 19% are at risk of extinction (Böhm et al. 2013). Approximately 61% of 

recognized turtles species are threatened or have become extinct in modern times. Turtles are arguably 

the most threatened order of vertebrates (Hoffman et al. 2010, Stanford et al. 2020, Lovich et al. 2018). 

Nineteen species of Ontario reptiles are listed as at risk, including all eight turtle species (COSEWIC 2021, 

see Table 1). There are many causes of population decline in turtles including habitat loss and 

fragmentation, invasive species, emerging zoonotics, poaching or legal harvesting for consumption and 

pet trade, road mortality, boat strikes to aquatic species, pollution, and climate change (Bohm et al. 

2013, Gibbons et al. 2000, Gibbs and Shriver 2002, Stanford et. al 2020). Turtles are long-lived species 

with late maturity and long generation times which may make them slower to adapt to and recover 

from disturbances (Congdon et al. 1994, 2003). This also means that the presence of adult turtles in a 

population may mislead a casual observer to believe the population is healthy when in fact there is little 

or no recruitment and the population will disappear when the remaining adults die (Lovich et al. 2018). 

Habitat loss is arguably the main threat to all species, including turtles. Development of wetlands, 

channelization and damming of rivers and loss of nesting areas are some of the biggest impacts on turtle 

species (Gibbons et al. 2000, Stanford et al. 2020). Many turtles are aquatic or semi-aquatic and depend 

on these habitats at critical junctures in their annual cycle. Many shorelines of lakes and rivers have 

been altered with large rocks, concrete, docks, and buildings among other human-built structures. 

Moreover, near-shore floating or submerged logs and rocks are often removed, reducing the habitat for 

basking, feeding, and nesting for turtles (Carrière and Blouin-Demers 2010, Stanford et al 2020). Rivers 
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may also be dammed or have locks, preventing movement and connectivity among previously linked 

populations (Bennett et al. 2010, Stanford et al. 2020). The aquatic habitats that do still exist are also 

often polluted, sometimes a legacy of long ceased industry, and increasingly altered by invasive species 

(Gibbons et al. 2000, Stanford et al. 2020). For example, in the Great Lakes at least 184 aquatic invasive 

species have been introduced over the last 150 years (Escobar et al 2018). 

Climate change has the potential to be a direct threat to turtles as well as exacerbating other 

threats. Climate change may impact local habitats and entire landscapes, especially in the case of 

shallow or seasonal waterbodies like woodland ephemeral ponds and cattail wetlands, with 

consequences for persistence of local species (Parmesan et al. 2005, Gibbons et al. 2000, Stanford et al. 

2020).  Moreover, as many turtle species have temperature-dependent sex-determination (sex is 

determined by the temperature in the nest during development), a higher temperature regime can skew 

sex ratios leading to a reduced number of males and potentially limiting breeding opportunities and 

reducing diversity (Neuwald and Valenzuela 2011). 

Many species have been shown to be shifting their geographic range limits poleward or in 

elevation in response to climate change (Parmesan et al. 2000). For north temperate species, northern 

range limits may be particularly important as these will be the leading edge for any range expansion. 

Peripheral populations may shift their geographic ranges outward or upward but may also alter their 

preferred habitats or phenology (Singer 2017). Understanding how climate change, and other 

anthropogenic disturbances, might influence the distribution and persistence of a species requires that 

we understand its ecology across its geographic range for both central populations and those towards 

range boundaries (Eckert et al. 2008). Similarly, with increasing urbanization and its pressures on 

wildlife, understanding how a species’ biology varies between these types of environments may be 

critical for accurate understanding of pressures and how to mitigate them. 
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1.1 Global threats to turtles 

Turtles may be especially vulnerable to certain threats when females are on land to nest, while 

the eggs and young are in the nest, and when hatchlings emerge from the nest and travel towards 

water. Sexually mature female turtles may be more likely to crossroads than males or juveniles as they 

search for nest sites and even nest on the side of the road and so are at greater risk of road mortality.  

This compounds the fact that losing adult females can affect both the sex ratio and ultimately the 

population size as they are not as easy to replace due to long time to sexual maturity. Losing even a 

moderate number of females to road or boat mortality can have devastating effects on populations and 

could even lead to their disappearance (Midwood et al. 2015, Steen et al. 2006, Gibbs and Shriver 2002, 

Bulté et al. 2010). 

In some habitats that turtles reside in, such as lakes and rivers, boat strikes are also a serious 

threat.  Like road mortality, boat strikes affect adult females disproportionately with potentially serious 

consequences for population persistence (Bulté et al. 2010). Another threat facing turtles is the direct 

use by humans at unsustainable levels. People may eat turtles or their eggs, use them for traditional 

medicines, or take them for pets. This is done legally in many jurisdictions, sanctioned by local 

legislation, or illegally in the many places where they are legally protected. This problem is particularly 

pronounced in Asia but exists globally (Stanford et al. 2020).  In fact, a turtle nest conservation project in 

Kingston, Ontario, Canada, the same city as my study, recently fell prey to nest poaching, showing that 

this is an ongoing and substantial concern (Ferguson 2020). 

Many of these threats to turtles are exacerbated in landscapes with high human densities, 

particularly urban areas. The threats within urban environments include predation from human-

subsidized predators, such as domestic dogs and racoons (Procyon lotor), intense habitat loss, 

fragmentation and degradation, direct interference by humans and pets, a higher road density and risk 
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of collisions with motor vehicles including boats (Gibbs and Shriver 2002, French et al. 2018), pollution 

and contamination of habitat, and interactions of climate change with urban microenvironments that 

tend to exacerbate effects of warming with consequences for hatchling sex ratios (Janzen et al. 2018, 

Neuwald and Valenzuela 2011).  

Turtles play important ecological roles comprising significant proportions of the living biomass, 

contributing to energy flow within and between ecosystems and to mineral cycling and serving trophic 

roles such as scavengers and middle or top predators (Lovich et al. 2018). As a result, losing turtles in 

aquatic ecosystems could result in a significant decline in ecosystem health and have cascading effects 

on ecosystem function. Many Indigenous cultures highly value the turtle, including many with creation 

stories of the earth being formed on the back of a turtle and North America being called Turtle Island. 

One example of this is in Haudenosaunee teachings, one of the First Nations on whose traditional lands 

this project was undertaken (Four Directions, 2021). Turtles can also provide opportunities for the public 

to see and appreciate wildlife in urban environments (Lindeman, 2020). 

1.2 Turtle nest phenology 

To be able to be able to conserve a species or population, we need to have information about all 

parts of its life cycle. A unique part of a turtle’s lifecycle is the earliest portion when they are hatchlings 

on land in nests. These stages may be less visible because they are at first underground and then when 

emerged are very small and less likely to be detected. Knowledge of this life stage can be a factor in 

indicating level of recruitment into the population, which is often unclear from only looking at adults 

(Lovich et al. 2018). Emergence from the nest is not a straightforward product of time, varies between 

species and is not well understood (Gibbons, 2013).  Gibbons (2013) emphasized the importance of 

detailed nest phenology data in turtles as follows: 
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Such data are valuable in understanding the complete ecology and life cycles of turtles, and this 

critical stage between the hatching of the egg and the arrival of the hatchling at the water’s edge, 

or to a terrestrial overwintering site, is a vital temporal–spatial component of many conservation 

programs … [This] key link in the life cycle of a species is critical for turtle conservation programs 

on a global scale. 

 In many species of turtle, the hatchlings are known to emerge from the nest shortly after they 

hatch from the egg, including all species of sea turtle and many species of freshwater turtle.  However, 

Gibbons (2013) indicates that delayed emergence from the nest occurs in at least 43 species, 22 genera, 

and 8 families of turtle across a range of locales globally.  Delayed emergence from the nest is a 

phenomenon where the young may hatch from their egg but do not emerge from the nest for days or 

even months afterwards.  This is often referred to as “overwintering” in the nest as delaying emergence 

until spring is one of the most common types of delayed emergence.  Some species of turtles also seem 

to exhibit a dual emergence strategy, where a proportion of clutches in a population emerge from the 

nest shortly after laying (in fall of the year they were laid), but other clutches remain in the nest until the 

following spring (e.g. Gibbons 2013, Baker et al. 2010, Nagle et al. 2004, Lovich et al. 2015).   

Most species have geographic ranges that span different environments and climates with obvious 

consequences for local adaptation and phenology. Emergence phenology may be a complex trait that 

varies with the environment. Understanding how this varies across latitudes or environments can 

provide insights into range limits, adaptations, phenotypic plasticity, and potential consequences of 

climate change. 
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1.3 Turtles of Ontario 

Ontario is home to eight turtle species (SARO 2021) whose distributions extend into other provinces 

or into the USA to varying degrees, and all of which have some level of risk (Table 1).   Ontario turtles’ 

range in sexually mature size from approximately 13 cm maximum carapace length (Common Musk 

Turtle, Sternotherus odoratus) to approximately 47 cm (Common Snapping Turtle, Chelydra serpentina). 

Ontario turtles inhabit a variety of habitats from wetlands, woodlands and ponds to small and large 

lakes and rivers. The suitability of habitat is determined by many factors including food availability, 

basking opportunities, refugia, nesting habitat, oxygenation, and appropriate habitat for brumation 

(similar to hibernation in mammals) (SARO 2021, Vogt et al. 2018, Feng et al. 2020). Most Ontario 

species are concentrated in Southern Ontario which also houses a high human population density, and 

which has experienced significant habitat loss over the last century. It is estimated that Ontario, which 

once held 6% of the world’s wetlands, had lost 72% of its wetlands by 2015 and is losing more (OBC 

2015, Dupuis-Desormeaux et al. 2021). Turtles In Ontario are also subject to the threats common to 

many turtles of pollution, urbanization, road mortality and more. 
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Table 1: Ontario turtle species with federal and provincial risk classification 

Common Name Latin Name Federal Species at Risk 

Listing (last 

assessment) 

Ontario Species at Risk 

listing (last assessment) 

Common Musk Turtle  Sternotherus odoratus Special Concern (2012) Special Concern (2014) 

Painted Turtle (3 

subspecies: Midland, 

Eastern, Western) 

Chrysemys picta marginata, 

Chrysemys picta, 

Chrysemys picta bellii 

Midland and Eastern 

subspecies both Special 

Concern (2018), 

Western not at risk 

(2016) 

Not listed 

Spotted Turtle  Clemmys guttata Endangered (2014) Endangered (2015) 

Wood Turtle  Glyptemys insculpa Threatened (2018) Endangered (2008) 

Blanding’s Turtle    Emydoidea blandingii Endangered (2016) Threatened (2017) 

Northern Map Turtle  Graptemys geographica Special Concern (2012) Special Concern (2013) 

Eastern Spiny Softshell 

Turtle  

Apalone spinifera Endangered (2016) Endangered (2016) 

Common Snapping Turtle  Chelydra serpentina Special Concern (2008) Special Concern (2009) 

(Government of Canada Species at Risk registry accessed 2021, Ontario Species at Risk list accessed 

2021) 

Another species, the Eastern Box Turtle (Terrapene carolina), is believed to have been present in some 

areas of Ontario but is now extirpated in the province (Ontario Species at Risk list, 2021). 
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1.4 Northern Map Turtle 

The Northern Map Turtle (Graptemys 

geographica LeSueur 1817) is a 

freshwater turtle with a broad 

distribution in temperate Eastern North 

America (Figure 1). It is believed to have 

diverged from a common ancestor with 

its closest relative about 6-8 million years 

ago (Lamb et al. 1994). The Northern 

Map Turtle is listed as at risk, with a 

status of Special Concern, both federally 

and provincially in Ontario. There are 15 

species of map turtle (Graptemys spp.), 

but only the Northern Map Turtle is 

found in Ontario. Map turtles in general 

are distinguished visually from other 

freshwater turtles by the patterns that give them their name and the keel running along the centre of 

their upper shell (carapace). Northern Map Turtles usually have brown or olive carapaces and yellow 

plastrons (lower shell). Their heads and legs are dark with yellow striping, including a distinctive post-

orbital (behind the eye) spot. The Northern Map Turtle is relatively large bodied compared to other 

Ontario species. This species has significant sexual dimorphism, with sexually mature females nearly 

twice the size of males (females up to 292 mm, males up to 160 mm in carapace length, Figure 2). 

Figure 1: Range of the Northern Map Turtle (adapted from Royal 
Ontario Museum 2012).  This map represents the general range of 
the species and does not depict information on local densities 
within the range. 
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Northern Map Turtles exploit a variety of habitats, but prefer slow-moving, shallow portions of 

larger rivers and lakes and tend to associate with natural shorelines (Carrière and Blouin-Demers 2010). 

Their habitat and basking habits make them more prone than other species to boat strikes (Bulté et al. 

2010). Estimates of home range vary between studies from 1210 to 8510 m in length in females and 

from 1658 to 2115 m in males. Ranges are often measured in length rather than area due to the 

frequent movement of turtles upstream and downstream or along shorelines (Vogt et al 2018). The diet 

of adult Northern Map Turtles consists mainly of molluscs. They consume primarily snails, but their diet 

also includes the invasive zebra and quagga mussels (Lindeman 2006, Bulté et al. 2008). Due to their 

sexual size dimorphism, including larger size overall and larger, wider heads in females, there is a 

difference in diet between sexes, with females consuming more of the larger, harder prey like zebra 

mussels (Bulté et al. 2008).   

Female Northern Map Turtles 

mature after about 10 years and 

males after approximately 4 

(Vogt et al 2018), resulting in 

relatively long generation times, 

as is the case for most Ontario 

turtles. In the winter, they rest 

at the bottom of the lake or 

river that they inhabit, moving 

very little in a state called 

brumation. They select specific sites for brumation, likely due to oxygen content of the site and often 

congregate in large numbers at these sites (Vogt et al. 2018, Feng et al. 2020).  In the spring, they begin 

moving more and travelling further to seek basking sites, for breeding and foraging. In our region, they 

Figure 2: Northern Map Turtles basking- male on the left, female on the 
right. (Photo by G Bulté.) 
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begin to bask openly in the spring (typically May), often in large numbers, on logs, rocks, shorelines or 

floating near the surface of the water.  

Females seek nesting sites on land in late spring and early summer. Adult females lay clutches of 

6-20 eggs, often laying more than once per season (Vogt et al. 2018, FKIH unpublished data).  A clutch of 

eggs may have multiple fathers (Banger et al. 2013). Females lay nests up to 250m from shoreline and 

the nests are dug as flask-shaped holes with the hind legs and are then covered over. Map Turtle nest 

site preferences are for open areas with well drained substrate like gravel (Vogt et al. 2018, Nagle et al. 

2004). The mother departs for the water and there is no evidence that there is any parental care after 

this. Turtle nests are frequently predated by raccoons, foxes, skunks, crows and other animals, and 

predation is a major cause of low nest survival rates in some areas (Geller 2012). Friends of Kingston 

Inner Harbour (FKIH) volunteers have seen a very high (though uncalculated) level of nest predation in 

the Kingston Inner Harbour Ontario with dozens or more nests per year seen predated when not 

protected. Indeed, this observation is what elicited the efforts to protect nests (FKIH, pers. obs.). Nest 

mortality may also occur because of extreme temperatures, parasites, poor nest site conditions (e.g., 

flooding), and potentially other factors that have not yet been documented (Nagle et al. 2004, Vogt et 

al. 2018).  Survival rates thus vary by area, year, and individual nest. Northern Map Turtle hatchlings use 

supercooling to avoid freezing and can thus survive temperatures as low as -8°C in the nest over winter 

(Baker et al. 2003).  Hatchlings make their way to the water within 48 hours of emergence. 

The Northern Map turtle is one of the temperate species that exhibits a dual emergence strategy- 

some clutches emerge in the fall and some in the spring, the reasons for which are unclear. It was 

previously thought that hatchlings emerged from the nest most commonly in the fall, with only 

occasional incidence of spring emergence. However, studies in the last 20 years have highlighted that 

spring emergence is very common (Gibbons 2013) and in fact is likely far more common than fall 
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emergence (Baker et al. 2010, Nagle et al. 2004). Studies on the Northern Map Turtle in Indiana and 

Pennsylvania (Baker et al. 2003,2010,2013, Nagle et al. 2004) are south in the range and thus allow 

comparisons sites at more northern latitudes like mine. These Indiana and Pennsylvania studies found 

that the vast majority (94 to 100%) of nests emerged in the spring. Baker et al. (2010) tested for a link 

between winter severity and spring emergence but found none. Nagle et al. (2004) described an 

interaction between minimum air temperature and rainfall over 24 hours and number of hatchlings 

emerging per day. Baker et al. (2003) focused on overwinter nest temperature with both field and lab 

experiments and found a lower threshold of -8° C below which hatchlings do not survive. As fall 

emergence was rare in Northern Map Turtles in these studies, they did not investigate seasonal 

differences in emergence. Baker et al. (2013) did look at seasonal differences in some of the seven 

species studied, but as they had no fall emerging Northern Map Turtles, a direct link to different seasons 

of emergence for this species could not be made. However, they found that, across the species 

examined, fall emergence occurred at warmer temperatures than spring emergence and that there was 

no effect of rainfall in either season (includes species that only emerge in the fall).   

The Northern Map Turtle has a geographic range that extends into the most northern areas 

turtles inhabit in North America and is likely to be limited in distribution by winter temperatures, 

especially given the overwintering of hatchlings, and brumation in underwater hibernacula. Studies on 

populations of a species at one geographic location cannot be generalized to another, particularly when 

comparing populations at very different latitudes, because they may be locally adapted (Gibbons 2013). 

Temperature and winter severity are known to be limiting factors on species range, growth rate, 

reproduction, and other characteristics- particularly in ectotherms like turtles whose physiology is highly 

related to environmental conditions (Sperry et al 2010, Angilletta et al 2002). Populations at range limits 

may also exhibit lower genetic diversity due to smaller population sizes and isolation which may limit 

their ability to adapt to changing environmental conditions and expand their range (Eckert et al. 2008). 
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To my knowledge, no studies on Northern Map Turtle nests have been conducted at or near the 

northern range limit. I have incidentally observed hatchlings in both the fall and the spring in Kingston 

but have no formal data. Having data on hatchling emergence at this location will afford me an 

opportunity to compare nesting and hatchling phenology to more southerly populations, gain some 

insight on a population near the northern range limit, and accumulate data on a population that is 

experiencing various stressors that may compromise its persistence. 

 

1.5 Study Sites and history 

My study focused on two locations. Most of my data derive from an urban site at Douglas Fluhrer 

Park in Kingston, Ontario. I also studied nests (in 2019 only) on private properties further north along 

the Rideau Waterway system on Indian and Opinicon Lakes.  Douglas Fluhrer Park is a 2.85 hectare (7 

acre) public urban park in Kingston, Ontario beside the Cataraqui River (Figure 3). This area has long 

been inhabited by humans (including Indigenous communities before colonization), once contained a 

railway and heavy industry, and now is mainly manicured lawn, with both gravel and asphalt pathways 

used by pedestrians and cyclists. The shoreline here was historically altered and is now a gentle slope 

that is partially vegetated (though only for a very narrow band of a few metres). A retaining wall runs 
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much of the length of the park along its inland western margin, providing a partial barrier to roads, 

residential, commercial, and institutional properties near the park which makes it somewhat safer than  

 

Figure 3: Location of Douglas Fluhrer Park in Kingston, Ontario indicated by yellow arrow 

some contemporary turtle nest sites like roadsides. The current and past human uses of the area also 

mean that the environment is polluted. A nearby former tannery site is known to have contributed to 

heavy metal contamination (arsenic (As), chromium (Cr), copper (Cu), mercury (Hg), lead (Pb), zinc (Zn), 

antimony (Sb), PCBs, dichlorodiphenyltrichloroethane (DDT), chlordanes and polycyclic aromatic 

hydrocarbons (PAHs) are the main contaminants of potential concern (CoPCs) in the river sediment, 

though the water itself seems safe (RMC 2014)). The park and surrounding areas are the site of several 

controversial development proposals that have a strong potential to reduce and/or degrade wildlife 

habitat that have included roads, a bridge, town houses, and apartment buildings. There are populations 

of at least four species of freshwater turtles here: Northern Map Turtle, Midland Painted Turtle, 
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Snapping Turtle (Chelydra s. serpentina), and Eastern Musk Turtle (Sternotherus odoratus). The first 

three have all long been observed nesting in the park and surrounding area and the musk turtle was 

observed nesting in the course of my study. There were Blanding’s Turtles (Emys blangdingii) at one 

time, but none have been reported recently. 

A local volunteer group called the Friends of Kingston Inner Harbour (hereafter FKIH), of which I 

am a member, has been recording turtle sightings and protecting nests from predation with a concerted 

effort since 2016 (and casually before this) and efforts are likely to continue for the foreseeable future. 

Before my study, FKIH (2018) reported as many as 100 nests per year.  Although some of these may 

have been false nests (contain no eggs), as presence of eggs was not confirmed before covering nests, 

my study has confirmed that there are many true nests laid each year in the range of that number. Live 

hatchlings had been observed incidentally by FKIH but not actively studied so numbers and survival rate 

of hatchlings were unknown. It is my hope that the information gained from my study will assist FKIH 

and others like it in determining how, when, and where to direct efforts to have the best conservation 

outcome.   

The second location was further north, spread between a few cottage properties used seasonally 

by the property owners for casual recreation. They are on Indian and Opinicon Lakes near Chaffey’s 

Locks Ontario, about 50km north of my Kingston study site. I will not identify the specific properties to 

protect the landowner’s privacy, but Figure 4 shows the general location of these lakes. Although there 

is some disturbance at these sites in the form of human activity and landscape alteration, the intensity 

of these disturbances appears to be much lower than at my urban site (i.e., human traffic limited to the 

occasional use by one family and more natural cover is present).   
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Figure 4: Location of Indian and Opinicon Lakes relative to Kingston, location of rural nest sites used in this study 

 

1.5 Research questions 

I investigated two overarching questions:  

1. What are the rates of survival and timing of emergence of hatchlings, and how do these 

compare across latitudes? 

2. What proximate and ultimate factors might contribute to emergence timing?  

Indian Lake 

Opinicon 



16 
 

Answering these questions will allow us to better understand the factors implicated in hatchling 

emergence in overwintering species near its northern range limit and make possible comparisons to 

data from other locales to understand how this phenomenon might differ across the range.  I specifically 

address the following hypotheses: 

1.  Hypothesis: Increasing duration and severity of winter at northern latitudes, and thus higher 

probability of higher overwinter mortality, will result in a greater proportion of clutches 

emerging in autumn. Predictions: A negative relationship between winter temperatures and 

latitude, and a positive relationship between latitude and proportion of fall emerging clutches. 

2. Hypothesis: Hatchlings require some minimum threshold temperature and cumulative number 

of days at suitable temperature for development to be ready for emergence, and the 

accumulation of growing degree days will determine the ability of hatchlings to emerge in the 

fall versus needing to overwinter.  Prediction: Clutches that emerge in the fall will have 

accumulated more growing degree days in the nest by the fall than the clutches that overwinter 

in the nest. 

3. Hypothesis: Overwinter nest temperatures impact hatchling survival and may be a limit to the 

range of the species. Predictions:  Survival is not expected below the threshold minimum nest 

temperature of -8°C as in Baker (2003). Due to on average colder winter temperatures, 

hatchlings in nests that do overwinter should have lower survival rates at northern versus 

southern locales.   

4. Hypothesis: Hatchlings use some proximate environmental cues in the timing of emergence 

from the nest such as rainfall, air and/or nest temperature. Predictions: Cumulative rainfall and 

average temperature in the 48 hours preceding emergence will predict the presence of emerged 

hatchlings, based on the findings of Rollinson et al (2019) that hatchling activity in the nest 

begins at 48 hours before emergence.   
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2.0 Materials and Methods  

2.1 Field data collection 

All research involving turtles was done with the approval of Queen’s University Animal Care 

Committee and the Ontario Ministry of Natural Resources and Forestry. I located nests by looking for 

and observing nesting females in May-July, waiting for them to finish nesting, and carefully excavating 

nests to confirm presence of eggs after she left the nest site (as per Baker et al. 2010, Nagle et al. 2004).  

IButton (Thermochron iButton DS1921G-F5#) or HOBO (onset computing HOBO pendant temp logger 

E34UA-001-64) data loggers were set to record temperature year-round at 4-hour intervals. When a 

nest was confirmed, a logger was buried in the nest as close as 

possible to the egg at the top of the nest, leaving the rest of the 

nest undisturbed. Before burying, iButtons were plasticized 

(2018) or placed in balloons (2019) to prevent moisture damage. 

HOBO loggers are waterproof and thus did not need this 

treatment. Nests were carefully covered back up, a square 

wooden and wire nest box placed overtop affixed to the ground 

with spikes (Figure 5), and GPS coordinates taken. When the 

presence of nests was suspected by summer staff or volunteers 

watching turtles, they simply covered the nest and I visited it 

later to confirm eggs and place a sensor. The box protected eggs 

from predators and temporarily trapped hatchlings underneath 

until they were removed to allow me to determine the time of emergence (method already used by 

volunteers, similar to Nagle et al. 2004). 

Figure 5: Nest cover box used to protect 
turtle nests from predators and 
temporarily trap hatchlings inside.  Box 
sizes were 2’x2’ or 1 ½’x 1 ½’ and topped 
with 1”x1” hardware cloth. 
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To record relative humidity and air temperature, I initially placed HOBO humidity and air 

temperature data loggers in trees at two ends of Douglas Fluhrer Park recording hourly, but one 

malfunctioned and one was stolen, so environmental data from Environment Canada’s Kingston 

weather station were used in all subsequent analyses. The station is approximately 10km west of the 

study site, but at the same latitude and also near the northern shore of Lake Ontario, so I expect climate 

conditions to be similar.   

Boxes were checked two or more times daily from mid-August to early-November and early-

March to early-July for hatchlings. When emerged hatchlings were seen in the box, data were collected 

on date and time seen, weight and mid-carapace length of hatchlings. Carapace length was measured 

with small manual calipers with an accuracy of 0.1mm. A Pesola scale with an accuracy of 0.5g with a 

small bag was used for weight. Data were all recorded on site and hatchlings were released immediately 

afterwards at the water's edge closest to the box location. In most instances, hatchlings were watched 

to protect them from predators until they had swum away (sometimes a few did not swim away after a 

long time and so were left unguarded). After all emergence was likely to have occurred (July the year 

after laying), or the logger was at end of life (mid-June for iButtons), nests were carefully excavated and 

the contents including any dead hatchlings, unhatched eggs, shell fragments or live hatchlings were 

recorded (Baker et al 2010) and loggers recovered. Temperature data from the loggers were then 

downloaded for analysis using the HOBO optic base station or iButton coupler (Nagle et al. 2004).  This 

information was collated in Microsoft Excel spreadsheets. A few nests were from other turtle species 

and are not included in the data (6 total).   

At the more remote rural sites, I was not able to monitor nests daily; thus, nests were covered 

with boxes that had small exit holes and I used accelerometers (onset computing HOBO pendant G 

logger E34UA-64) to log the nest activity via movements and estimate time of emergence (see Rollinson 

et al 2017). These nests also had iButtons or HOBO temperature loggers logging at the same interval as 
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above. Hatchlings may emerge from the nest in the same calendar year in which they were laid (fall 

emergence) or in the following calendar year (spring emergence). For my analyses, I define the year of a 

nest as the calendar year the eggs were laid, regardless of the calendar year that the hatchlings 

emerged.  

 

2.2 Statistical analysis 
 

All statistical analysis was done in RStudio Version 1.2.1335 (© 2009-2019 RStudio, Inc.). 

2.2.1 Year comparisons 

Since I collected nesting and emergence data over two years and the weather may vary between 

years, I tested for differences during emergence season and for differences during the winter. I 

compared the temperature and rainfall during emergence seasons between the two years using t-tests.  

To test for differences between the winter conditions that might affect winter survival, I compared the 

minimum nest temperature between years with t-tests.  

2.2.2 Survival 

I determined the overall success rate of clutches. Clutch success was defined as having produced 

at least one live hatchling. I used  tests to test for differences between rate of surviving and non-

surviving clutches. I tested overall success as well as the difference in success between urban and rural 

clutches.   

2.2.3 Season 

To allow comparisons to previous studies at more southern latitudes, I determined the 

proportion of clutches that emerged in the fall versus overwintered in the nest.   
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2.2.4 Minimum nest temperature  

I tested whether minimum nest temperature over winter was related to over winter survival of 

clutches using t-tests. I compared clutches that did not emerge in fall but did have developed eggs (i.e., 

attempted to overwinter as hatchlings). I tested both the one absolute minimum nest temperature and 

the lowest 48hr average nest temperature, for both years combined and separately. 

To test the idea proposed by Baker et al.  (2010) and Murphy et al. (2020) that winter severity 

affects the timing of spring emergence, I used linear regression to compare emergence day (of surviving, 

spring emerging nests only) to minimum nest temperature. Emergence day was converted from a date 

to a number based on first possible emergence date (August 15 = day 1, method used for all emergence 

dates). I also used linear regression to test the relationship of emergence day to the minimum 48-hour 

average nest temperature preceding emergence in case it is a more cumulative effect (see below for 

further rational and details on methods for this 48-hour period). 

2.2.5 Laying date 

Gibbons (2013) indicates that there are few data to allow us to address the hypothesis that 

overwintering is a response to later laying of the nest. Although I expected no relationship based on 

previous work, I explicitly tested whether emergence was a function of the amount of time elapsed 

since oviposition (egg laying). If laying date determined emergence season, I predicted I would see 

earlier clutches emerging in the fall. I tested for a difference in mean laying day between fall and spring 

emerging nests using a one-tailed t-test. 

2.2.6 Growing degree days 

Growing degree days (GDDs) are often used in agricultural, forestry as well as animal 

development studies to determine growth as a product of the amount of accumulated heat over a 

threshold temperature at which growth occurs and has been used to estimate turtle hatchling 
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development (Holt 2000). A threshold temperature above which development is expected is used, called 

t0. I used a t0 of 15 degrees based on 14- and 20-degree threshold minimum development 

temperatures estimated for Painted and Common Snapping Turtles (Les 2007, Holt 2000). Painted 

Turtles are co-distributed with Northern Map Turtles over a portion of their respective ranges, are found 

in my study area, and frequently overwinter in the nest so their development times are likely to be 

similar to that of Map Turtles and some comparisons can be made including both species. Most other 

species found in the Kingston area emerge almost exclusively in the fall (i.e., Snapping Turtles, Eastern 

Musk Turtles, Gibbons 2013) and may have different development patterns and temperature 

thresholds. I used nest temperatures to calculate GDDs as these better represent the conditions that 

embryos experience over development compared with air temperature. Because in some cases I was 

unable to place sensors in the nest immediately after oviposition, the nest temperature for up to 17 

days at the beginning of the incubation period were estimated using the known air temperature and the 

mean difference between air and nest temperature seen in that nest at later dates. To test whether fall 

emerging clutches had accumulated more GDDs than the clutches that overwintered, I compared the 

GDDs in the fall between the fall emerging clutches and spring emerging clutches using a one-tailed t-

test. For fall emerging clutches I calculated the GDDs up until emergence. For spring emerging clutches, I 

calculated the accumulated GDDs until November 1st as by this time all emergence for the fall season 

was likely to have occurred and no more GDDs were accumulated in the fall after this point (nest 

temperatures were below the t0). 

 

2.2.7 Proximate environmental cues 

I tested for mean differences between fall and spring emerging nests in accumulated rainfall, air 

temperature, nest temperature, and the difference between nest and air temperature for the 48 hours 

preceding emergence using t-tests. I chose a period of 48 hours before emergence for these tests of 
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proximate environmental cues as other studies of turtles have suggested this as appropriate for 

examination of proximate environmental cues. For example, Rollinson et. al (2019) showed that 

movement within the nest was greatest about two days before emergence, suggesting that this span of 

time is when the process of emergence might begin. This assertion was consistent with my observation 

that hatchlings often take hours or days to emerge even after their first sibling had created a hole for 

emergence. This further implies that, when conditions for emergence are met, there is a delay until the 

hatchlings are able to exit. I included the variable ‘nest-air temperature difference’ as it was suggested 

by Baker et al (2013) that this may be an important cue for emergence. Nagle et al. (2004) found a 

positive relationship with minimum nest temperature and rainfall one day before emergence, so I also 

tested these two variables.  

Although nests were checked at least twice daily, exact emergence time was not always known.  

To address this unknown variation in emergence times, I grouped the nests in two emergence 

categories. Hatchlings observed for the first time in the morning were classified as having emerged at 

midnight and hatchlings observed for the first time in the afternoon were classified as having emerged 

at noon and I based the 48-hour time-period for analysis on this. For example, if hatchlings were 

observed at a check at 8am on April 5th, the environmental data used for 48 hours before would be for 

the days of April 3rd and 4th.  If the hatchlings were instead observed at 4pm on April 5th, the 48 hours 

would be from noon on the 3rd until noon on the 5th.    

I tested if the average fall temperature of nests from which hatchlings emerged in the fall were 

different than the average fall temperature in nests from which hatchlings did not emerge 

(overwintered) to test the null hypothesis that they were the same. 

I tested if there were differences in environmental cues (rainfall, air temperature, nest 

temperature, and nest-air temperature difference for 48-hour time period and rainfall and minimum 
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nest temperature for one day prior time period) on days when hatchlings were present versus days 

when they were absent using t-tests. To test whether these environmental factors could predict 

hatchling emergence, I used daily hatchling presence/absence and abundance data as per methods 

described in Fletcher (2005). Presence is the likelihood that any hatchlings emerge on a given day based 

on the set of environmental predictors. Abundance is the relationship of the number of hatchlings 

emerging (given that at least one emerges) with environmental predictor variables. I used logistic 

regression models for hatchling presence and linear regression models for abundance. As air 

temperature and rain were known for a larger data set of emerged clutches (n=25), but the data that 

include nest temperature were fewer (n=15), I tested both data sets for the factors that they contained 

(i.e., 25 nests for air and rain, 15 for air, rain and nest temperature). Tests were done using the following 

variables: minimum air temperature one day prior to emergence, rainfall one day prior to emergence, 

average air temperature 48 hours prior to emergence, rainfall total 48 hours prior to emergence, 48-

hour average nest temperature, and 48-hour average nest-air temperature difference.   

 

2.2.8 Geographic variation 

While studies on Northern Map Turtle nest phenology are limited to three studies, two of which 

overlap (Baker et al. 2003 and 2010 and Nagle et al. 2004), there are also studies on Painted Turtle nest 

emergence (Riley et al. 2014, Baker et al. 2010, Murphy et al. 2020, etc.). As Painted Turtles also occupy 

my study site, and commonly overwinter in the nest, data of the two species may be able to be 

combined in regard to emergence from the nest. I did attempt to include Painted Turtle nests in my 

study but only had five nests over the two years and no hatchlings within three of these survived, so I 

did not have enough data to draw any conclusions. To test whether there are any generalities across 

species and study sites, I compiled data from studies on Northern Map and Painted Turtles to compare 

overwinter survival, percentage fall emergence, minimum nest temperature and winter air temperature 
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to this study. I combined my data with data from other studies and used linear regression to test for a 

relationship between proportion of fall emergence and survival to average winter maximum 

temperature, minimum nest temperature and latitude. The maximum temperature was used in the 

comparison because it was the variable available for the greatest number of studies. Winter maximum 

was calculated by averaging the maximum daily temperature at each location for the months of 

December, January, and February.  

3.0 Results 
 

3.1 Field data 
 

Female Northern Map Turtles nested from May 31st to July 16th in my study sites, with a peak in 

mid to late June. I protected and installed loggers in 61 nests (21 in 2018 and 40 in 2019). Ten nests in 

2019 were at rural locations on Opinicon and Indian Lakes. Fall emergence occurred from September 

17th to October 27th and spring emergence occurred from March 10th to June 6th (Table 2). 

Table 2: Emergence numbers and season of successful nests with known emergence time by year 

Year Number of fall 
emerging 
clutches 

Dates of fall emergence (first 
hatchling in each nest) 

Number of spring 
emerging clutches 

Dates of spring 
emergence (first 
hatchling in each nest) 

2018 3 September 26-October 11 3 May 5-26 

2019 7 September 17-October 27 17 March 10-June 6 

 

The number of hatchlings emerged per nest ranged from 0 to 17. Hatchling emergence was 

mostly synchronous (i.e., all hatchlings from a single nest emerged within 24 hours) but sometimes took 

weeks, with one nest even having hatchlings emerge in both seasons. For the 19 clutches for which 
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emergence period is known, and from which more than one hatchling emerged, 11 (58%) had the last 

hatchling emerge within 24 hours of the first, 5 (26%) emerged in greater than 24 hours but less than a 

week, with the other 3 (16%) spread over longer periods. Three other clutches for which exact 

emergence period is unknown, due to boxes being moved by construction activity, also seem to have 

emerged within a short period of each other (no further hatchlings seen after emergence hole first 

detected). 

Measurements were not done on all hatchlings, but a total of 128 live hatchlings from 18 nests 

was measured and weighed, mostly from the 2019 season. They ranged in size (mid carapace length) 

from 26.4 to 31.9mm (mean 29.46mm) and in weight from 4.0 to 8.0g (mean 6.20g). Hatchlings were 

sometimes quite muddy, so some variation in weight is likely due to this and true mean weight is likely a 

bit lower. 

Nests were excavated in June and July depending on the battery life of the sensor. Ten nests (9 in 

2018 and 1 in 2019) were not re-discovered (due to accidental or intentional removal of boxes by 

members of the public or construction crews). In 2019, five additional boxes had been removed but the 

nests were relocated by searching for emergence holes, so the sensor was recovered and some 

information on emergence gained. One logger in 2018 and four loggers in 2019 malfunctioned and did 

not record any data. Four additional loggers in 2019 stopped recording early and did not contain data 

from emergence time. 

One nest in 2018 and four nests in 2019 did not have any hatchlings emerge on their own but 

contained live hatchlings at excavation as late as July 5th.  This same phenomenon was evident in other 

studies (Baker et al. 2010). These hatchlings were removed from the nest because it was compromised 

by my excavation and hatchlings were assisted to water as with usual emergence. I classified this as 

“assisted emergence”. Nests with assisted emergence were included as successful in the survival data 
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but were not included in data on emergence timing because I do not know when they would have 

emerged. Data from the accelerometers were often incomplete or inconclusive and thus were 

insufficient for analysis. Therefore, for rural nests, I obtained only survival data (and not data on 

emergence season or timing). For these reasons combined, the sample size varies by nest and for each 

prediction tested. 

3.2 Year comparisons 
 

I found no significant difference between years in average daily temperatures in the fall (August-

October) emergence season (t136.62 = 0.44, p = 0.66; Figure 6) nor in the spring (March-June) emergence 

season (t206.31 = -1.16, p = 0.25; Figure 6). I also found no significant difference between years in daily 

precipitation for the fall emergence season (t135.01 = -0.83, p = 0.41, Figure 7), nor in daily precipitation 

for the spring emergence season (t209.83 = 1.37, p = 0.18, Figure 7). As none of these four tests yielded 

significant differences, I felt confident that I could combine the two years of data in analyzing 

emergence. I did find significant differences in minimum nest temperatures between years (Figure 8) 

and thus I examined overwinter survival for each year separately (t15.83 = -10.43, 15.83, p << 0.001). 
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Figure 6: Average daily temperatures (°C) in fall and spring emergence season by year.  The overall average 
temperatures in each season were not different between the years. For reference, Julian date 240 is August 28th, 
date 280 is October 7th, date 100 is April 10th and date 150 is May 30th.  
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Figure 7: Daily precipitation (mm) in fall and spring emergence seasons by year. The overall average precipitation in 
each season were not different between the years. 
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Figure 8: Number of nests with each lowest recorded nest temperature, sorted by year, showing the range in each 
year and how they barely overlap with 2018 nests reaching colder temperatures. 

3.3 Survival 

A successful clutch was defined as having produced at least one live hatchling. Overall, 70% of 

clutches were successful and 30% were not (n=50). Survival of overwintering clutches (those that did not 

emerge in the fall but had developed eggs when checked in spring) was 65% (n=23 nests). I found no 

significant difference in survival (2019 season only) between urban and rural nests (n=37, nurban=28, 

nrural= 9, 2 = 4, df = 3, p = 0.26, Figure 9B). I thus included both rural and urban survival data in the 

relevant subsequent analyses below, noting that lack of statistical power may not allow for a robust test 

of these differences. In 2018, 6 out of 13 nests (46%) were successful and in 2019, 29 out of 37 (78%) of 

nests were successful. This difference was borderline non-significant (2 = 3.35, df = 1, p-value = 0.067, 

Figure 9A). 
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Figure 9: Proportion of successful clutches (producing at least one live hatchling) by A) year and B) geography. 2019 
clutches had a higher success rate than 2018 clutches. Urban and rural clutches had a similar success rate. 

 

3.4 Season: 

Hatchlings did emerge in both fall and spring. For the 30 clutches for which one or more 

hatchlings survived and for which I know emergence time, 33.3% emerged in the fall and 66.6% in 

spring. In 2018 (n=6), 50% emerged in the fall, and 50% in the spring (Figure 10). In 2019 (n=24) 29% of 

nests emerged in the fall, and 71% in the spring. There was not a statistically significant difference in 

emergence season between years (2 = 6.43, df = 3, p = 0.093), although this failure to reject the null 

hypothesis may simply be lack of statistical power. When I compare the clutches in terms of those that 

emerged in the fall versus those that attempted to overwinter (but may not have survived winter, n=40), 

the proportion is the same between years. For hatchlings that emerged in the fall versus those that 

attempted to overwinter, the proportion for both years combined was 10/40 or 25%. In 2018, the 
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proportion was 3/12 or 25% (one nest had undeveloped eggs only so not included) and similarly in 2019 

7/28 emerged in fall (one unknown emergence not included) or 25%. 

 

 

  

Figure 10: Proportion of successful nest clutches (producing at least one live hatchling) that emerged in each 
season, grouped by year. 2018 had an equal proportion of surviving clutches in each season, but 2019 had a higher 
number of successful clutches in the spring. However, an equal number of clutches attempted to overwinter in each 
year, with 2018 clutches having a lower winter survival rate. 

 

 

3.5 Minimum nest temperature: 

The minimum nest temperature recorded was -10.5°C across both years overall, and the lowest 

one-time nest temperature for surviving clutches was -7.0°C.  I found a significant difference in survival 

(a clutch that produced at least one live hatchling) based on minimum nest temperature with both years 

combined for both the absolute minimum lowest temperature (n=23- t9.54 = -4.34, p = 0.0016) and the 
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average 48-hour low (t = -4.4110.26, p = 0.0012). As I found a difference between years in overwinter 

temperatures (Figure 9), I tested the years separately. Neither measure of minimum temperature 

significantly affected survival in 2019 alone (absolute lowest temperature: n=15, t1.04 = -0.69, p = 0.61, 

Figure 11; 48-hour low: t1.04 = -0.90, p = 0.53). In 2018, both the absolute minimum temperature and the 

48-hour low were significantly related to overwintering success (lowest temperature: n=8, t5.05 = -5.92, p 

= 0.0019, Figure 11; 48-hour low: t5.04 = -5.41, p = 0.0028).   

 

Figure 11: The relationship between absolute minimum nest temperature recorded and overwinter success of 
clutches (at least one surviving hatchling) by year. Overwinter success is the success of clutches that did not emerge 
in the fall but had developed hatchlings.  2018 clutches had an overall lower success rate and experienced lower 
nest temperatures than in 2019.  No clutches that experienced nest temperatures below -7.5°C survived. For each 
boxplot, the heavy mid- line represents the median, and the lower and upper horizontal lines of the box represent 
the first and third quartiles. The whiskers extend to 1.5 times the interquartile range. Data points outside these are 
represented as dots. 

 

I did not find a relationship between minimum nest temperature and timing of emergence by 

day (Multiple R2 = 0.0063, Adjusted R2 = -0.18, F1,8=0.051 p= 0.83). I also did not find a significant 
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relationship between 48-hour minimum average nest temperature and emergence timing (Multiple R2 = 

0.0063, Adjusted R2 =-0.18 F1,8 = 0.051, p = 0.83). 

3.6 Laying date: 

I did not find a relationship between laying date and emergence date (n=25, Multiple R2 = 0.048, 

Adjusted R2 = 0.0063, F1,23 = 1.15, p = 0.29). However, my statistical power is somewhat low (estimated 

as the probability of accepting the alternative hypothesis assuming it is true); for an effect size of 0.5, I 

estimated my power to be 0.53 and for an effect of 0.8 I estimated a power of 0.79. I found no 

significant difference between laying date and season of emergence (t = -1.2217.29, p = 0.24).   

3.7 Growing degree days: 

I did not find a significant relationship between emergence season and growing degree days 

experienced in the fall (n=13, t6.20= 1.13, df = 6.20, p = 0.30).   

3.8 Proximate environmental cues: 

Timing of hatchling emergence from nests occurred over a range of potential environmental 

cues, which may be the first indication that environmental cues may not play a large role in emergence. 

Average air temperatures 48 hours before emergence were between 5.5 and 21.4°C, average nest 

temperatures over 48 hours before emergence were between 3.8 and 24.1°C, and cumulative rainfall 

over 48 hours before emergence was between 0 and 47.2mm. I found a significant difference between 

seasons for 48-hour average nest temperature (n=15, t12.99 = 2.32, p = 0.037) and for 48-hour average 

nest-air temperature difference (n=15, t11.32 = 3.75, p = 0.003, Figure 12). I did not find a significant 

difference between seasons for 48-hour average air temperature (n=25, t22.99 = 0.90, p = 0.38) or 48-

hour cumulative rainfall (n=25, t22.94 = 0.64, df =, p = 0.53).  I also did not find significant differences 

between seasons for minimum air temperature one day prior to emergence (t9.28 = 1.94, p = 0.083) nor 
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for rainfall one day prior to emergence (t10.68 = 0.55, p = 0.59).  For these tests my power to detect an 

effect of 0.5 was 0.26 and for an effect size of 0.8 was 0.56. 

 

Figure 12: Nest-air temperature difference (°C), average of 48 hours before emergence, for fall and spring emerging 
clutches. Fall emerging clutches emerged when the nest temperature was on average warmer than air 
temperatures whereas spring emerging clutches emerged when the two temperatures were comparable. This is 
likely a by-product of warmer fall temperatures on average rather than a cue for emergence. Details for the 
boxplots are as in Figure 11. 

 

However, as nest temperatures for all nests during the fall emergence period were significantly warmer 

on average than spring season nest temperatures (t357.98 = 11.732, p << 0.001), even with March 

excluded (t303.74 = 7.73, p << 0.001), the above differences may largely be due to this. Additionally, in 

comparing fall temperatures in all nests (whether they emerged or did not), I failed to reject the null 

hypothesis that fall-emerging and spring-emerging nests had the same average fall nest temperature 

(t12.985 = 1.69, p = 0.114), implying that nest temperature (or nest-air temperature difference) alone is 

not related to the season of emergence.    
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Irrespective of season, I found significant differences between hatchling presence and absence 

for the average cumulative rainfall in the 48-hours prior to emergence (t19.26 = -3.52, p = 0.0022), 

average air temperature in the 48-hours before emergence(t20.22 = -3.05, p = 0.0063), average difference 

between nest and air temperature in the 48-hours before emergence(t19.55 = 3.45, p = 0.0026), and 

average air temperature one day prior (t50.27 = -3.06, p = 0.0035), but not for average 48-hour nest 

temperature (t19.59 = 1.66, p = 0.11) nor for average rainfall one day prior (t36.10 = -1.19, p = 0.24). The 

biggest differences were evident in 48-hour rainfall and 48-hour nest-air temperature difference (Figure 

13). 

 

Figure 13: Presence of hatchlings with A) 48-hour cumulative rainfall (mm) and B) 48-hour average Nest-Air 
Temperature difference (°C). Days when hatchlings were present had a higher amount of rainfall over the previous 
48 hours than days when hatchlings were absent. Days when hatchlings were present had a lower nest-air 
temperature difference (nest and air temperature closer to the same) than days when hatchlings were absent. 
Details for the boxplots are as in Figure 11. 
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Using logistical regressions to predict hatchling presence, I found that 48-hour rainfall and 48-

hour nest-air difference had significant effects on the presence of hatchlings when tested singly (rain: 

estimate= 0.83, odds ratio=2.29, p << 0.001, diff: estimate= -0.30, odds ratio=0.74, p=0.0026). This 

means that for each mm of additional rainfall, there was a 2.29 increase in the odds of hatchling 

emergence, and for each degree decrease in nest-air temperature difference the odds of emergence 

increased by 0.74. Of the models tested, the combination of 48-hour air and 48-hour rain had the lowest 

Akaike’s Information Criterion (AIC): Null deviance: 216.80 on 1671 degrees of freedom, Residual 

deviance: 194.37 on 1669 degrees of freedom, p= < 2e-16. 

For hatchling presence and environmental cues one day prior to emergence, there was a 

significant but small positive relationship with minimum temperature (estimate=0.040, p=0.049), but 

not with rainfall (estimate=0.14, p=0.20). Combining minimum temperature one day prior and rainfall 48 

hours prior yielded a model that was not quite as good as the 48-hour rain and 48-hour nest-air 

difference (Null deviance: 217.81 on 369 degrees of freedom, Residual deviance: 205.60 on 367 degrees 

of freedom, AIC: 211.6). 

Testing for hatchling abundance using the 48-hour variables and linear regression, according to 

AIC values the best model included rainfall and temperature difference (Multiple R2:  0.015, Adjusted R2:  

0.014, F2,1669 = 12.51, p << 0.001), although the variance explained is very small and may not be 

biologically relevant. I did not find a relationship between hatchling abundance and minimum air 

temperature or rainfall one day prior to emergence (air: Multiple R2 = 0.024, Adjusted R2 = -0.0083, F1,30 

= 0.74, p = 0.40; rain: Multiple R2=0.00076, Adjusted R2 = -0.033, F1,30 = 0.023 p = 0.88) nor for the model 

including both (Multiple R2 = 0.024, Adjusted R2 = -0.043, F2,29 = 0.36, p = 0.70). 
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3.9 Geographic variation 
 

Data from other studies of fall emergence, minimum nest temperature and average winter maximum 

temperature for both Painted and Map Turtles are presented in Table 2. Percentage of fall emergence 

for my study was higher than for either of the other two map turtle studies, and one of the highest for 

all studies considered (Figure 14). Minimum nest temperature was lower than most studies (Figure 14). 

Overwinter survival of clutches was among the lowest of these published studies (Figure 14). I found a 

significant and sizeable negative relationship between proportion of fall emergence rates and average 

winter high temperature across studies (Multiple R2= 0.66, Adjusted R2 = 0.60, F1,5 = 9.83, p = 0.026, 

Figure 15). Algonquin Park appeared to be an outlier with much colder winter temperatures than other 

studies.  Similarly, I found a significant and sizeable positive relationship between fall emergence and 

latitude across studies (Multiple R2= 0.87, Adjusted R2 = 0.85, F1,5 = 33.9, p = 0.0021, Figure 15). There 

was a negative relationship between survival and latitude (Multiple R2 = 0.62, Adjusted R2 = 0.55, F1,5 = 

8.22 on 1 and 5 DF, p-value: 0.035, Figure 15).  The relationship between survival and winter 

temperature was not significant (Multiple R2 = 0.27, Adjusted R2 = 0.13, F1,5 = 1.87, p = 0.23, Figure 15).  I 

did not find a significant relationship between fall emergence and minimum nest temperature (Multiple 

R2 = 0.0032, Adjusted R2 = -0.20, F1,5 = 0.016, p = 0.90). I did not find a relationship between minimum 

nest temperature and overwinter survival (Multiple R2 = 0.15, Adjusted R2 = -0.022, F1,5 = 0.87, p = 0.39).   
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Table 3: Summary of results from studies on hatchling emergence 

 

 

Species 
of turtle 

Study Study 
years 

Prov/state Region for 
weather 
data 

Latitude 
(°N) 

% fall 
emergence 

% 
winter 
survival 

Min 
nest 
temp 
(°C) 

Avg 
winter 
temp 
(°C) 

Avg 
of 
highs 
(°C) 

Map Baker 
2003 

1999/2000, 
2000/01, 
2001/02 

Indiana Fulton 
County 

41.0204 5 100 -5.4 -3.51 4.25 

Map Baker 
2010 

2000/01, 
2001/02, 
2002/03, 
2003/04, 
2004/05, 
2005/06 

Indiana Fulton 
County 

41.0204 0 91.3 -5.4 -4.03 1.59 

Painted Baker 
2010 

2000/01, 
2001/02, 
2002/03, 
2003/04, 
2004/05, 
2005/06 

Indiana Fulton 
County 

41.0204 7.8 98.3 -7.7 -4.03 1.59 

Painted Costanzo 
1995 

1990/91, 
1993/94 

Nebraska Garden 
County 

 N/A N/A -11.8 
  

Painted Lovich 
2015 

1965-1985 Pennsylvania Lancaster 
County 

40.0467 30 N/A N/A 
  

Painted Murphy 
2020 

2016/17 Illinois Mississippi 
river at 
Chicago 
latitude 

41.857 0 74 -8.0 -3.43 2.76 

Map Nagle 
2004 

2000/01, 
2001/02 

Pennsylvania Huntingdon 
County 

40.4155 6 82.7 -8.4 -1.34 5.56 

Painted Riley 
2014 

2010/11, 
2011/12 

Ontario Algonquin 
Park 

45.8372 42 67 -4.9 
 

-3.49 

Map Rudy 
2021 

2018/19, 
2019/20 

Ontario Kingston 44.2312 25 65 -10.5 -4.53 0.74 
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Figure 14: Comparison of fall emergence, minimum nest temperature and overwinter survival across studies, 
separated by species. Percentage fall emergence was low in most studies (below 10%) but much higher in this study 
and in Riley (2014). The minimum nest temperature was varied across studies from approximately -5 to -12°C. 
Percentage overwinter survival in all studies was above 50% but ranged to 100% in some studies. In my study and 
the Riley study (highest latitude), survival was lower than most. 
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Figure 15: Relationship of fall emergence and survival to winter temperature and latitude across studies. Top left: 
percentage fall emergence is higher in studies with lower winter temperatures.  Top right: Not statistically 
significant but some relationship between survival and winter temperature.  Bottom left: Percentage fall 
emergence higher at higher latitude. Bottom right: Percentage survival lower at higher latitudes. Fall emergence is 
thus higher where overwinter survival is lower.   

 

4.0 Discussion 

To better understand the phenology of Northern Map Turtles near their northern range limit, I 

investigated several aspects relating to hatchling emergence from the nest. I found a higher proportion 

of nests exhibiting fall emergence than for sites further south. I did not find a difference in accumulated 

growing degree days at a threshold of 15 °C between nests that emerged in fall compared to nests that 

overwintered. Survival overall and overwinter survival specifically were lower at my Kingston site than at 

the sites studied in Indiana and Pennsylvania, with the caveat that for other studies on Northern Map 

Turtle emergence (Baker 2003, 2010 and Nagle 2004) fall emergence was very low so overall survival 

and overwinter survival are essentially the same. Finally, temperature and rain appeared to serve as 
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proximate cues for emergence, but these were not the same cues found by Nagle (2004). Rainfall 

accumulated in the 48 hours prior to emergence was the best predictor of hatchling emergence. The 

best model included both total rainfall and the average nest-air temperature difference over the 48-

hours before emergence.   

4.1 Survival, season, effects of winter 
 

Overall clutch survival rate was 70% over the two years combined with an overwintering survival 

rate of 65%. This was lower than most other studies of Map Turtles or Painted Turtles (Table 2, Figure 

14), and suggests that more severe and longer winters impact survival at the northern range limit. 

Overwinter survival rate was significantly related to latitude, but not to minimum nest temperature or 

winter temperatures. The lowest recorded nest temperature varied by up to 6 °C among studies and 

between species. Differences between Painted and Northern Map Turtles are likely, as Painted Turtles 

are known to be able to withstand colder temperatures better than other freshwater turtles - including 

Map Turtles - through actual tolerance of freezing rather than freeze resistance only (Baker 2010). 

Freeze tolerance is when an organism can withstand being frozen for some usually short period of time. 

Freeze avoidance or resistance is when an organism uses techniques to prevent freezing. Painted Turtles 

are freeze tolerant and Map Turtles use supercooling to avoid freezing. This may be one explanation for 

the lack of relationship between survival and temperature across studies.   

I found that 25% of all developed clutches (those that had formed hatchlings) and 33% of all 

clutches that were successful overall (including those that did not form hatchlings) emerged in the fall 

(Figure 10). The percentage of overwintering clutches did not differ between years, despite one winter 

being significantly colder than the other (Figure 8). The percentage of fall emergence was higher than in 

most previous studies on overwintering turtles (Table 2, Figure 14). The finding that fall emergence is 

higher, and survival is lower at higher latitudes (Figure 15) implies that higher fall emergence may be an 
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adaptation in populations nearer the northern range limits, or a manifestation of phenological plasticity 

or a combination of the two. A caution in such an interpretation is that low fall emergence numbers for 

some studies may be because emergence was not specifically looked for in the fall (e.g., Nagle 2004).  

The data point from Algonquin Park has high influence and we need more data from higher latitudes to 

undertake a robust test of this pattern.   

Nagle (2004) suggested that emergence occurs in fall when nest conditions for successful 

overwintering are not present. At my Kingston Inner Harbour study locale, it seems unlikely that such a 

high percentage of nest sites would be inadequate, especially when habitat is relatively homogeneous 

and nests that ultimately hatch in spring can be very close to those that emerge in fall (sometimes nests 

are less than 20cm apart!). In addition, low-quality nest sites, such as low-lying spots that are inundated 

with water, seem to result in outright clutch failure rather than earlier emergence (Rudy, personal 

observation). Ultimately, the higher percentage of fall emerging hatchlings over 2 years in my study 

probably indicates a response to something other than poor nest site and may indeed be a combination 

of factors driven by longer and colder winters at higher latitudes. Among the most valuable but 

challenging data to gather would be the survivorship of hatchlings that emerge in the fall versus those 

that overwinter in the nest. 

I found a negative relationship between over-winter survival and minimum nest temperature for 

the 2018 season alone and for both years combined, but not for 2019. The 2018 winter was markedly 

colder than the 2019 winter and the minimum nest temperatures were concomitantly lower (Figure 11). 

This highlights interannual variability in climate that can occur at any site and, of course, the need for 

multi-year studies. Baker et al. (2003) showed experimentally that hatchling Map Turtles can withstand 

temperatures of -8 ° C in the absence of ice nucleation. In 2018 several nests got to this temperature or 

close to it, whereas in 2019 none did, and this probably explains the higher survivorship in the latter 

year. My results are thus consistent with Baker’s (2003) findings as no Northern Map Turtle clutches 
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with nest temperatures below -8°C survived. The lack of relationship between overwinter survival and 

minimum nest temperature across studies can probably be explained by the observation that winter 

survival is very high and minimum nest temperatures are seldom near the threshold for survival at many 

localities. Note too that to obtain sufficient statistical power I considered both Map and Painted Turtles, 

but Painted Turtles can tolerate freezing, while Northern Map Turtles cannot. Using a common garden 

experiment with Painted Turtles, Bodensteiner et al (2018) found that incubation time and hatchling size 

did not vary among geographic locations. They suggested that interplay between microclimate and site 

characteristics are likely to be more important factors in emergence timing than duration of incubation 

or size at hatching.   

Winter severity represented as both absolute minimum temperature and lowest 48-hour 

average temperature did not affect the timing of spring emergence, consistent with Baker et al. (2010) 

but opposite to Murphy et al (2020). This implies that, if hatchlings survive the winter, their ability to 

exit the nest is not compromised by having to endure harsher conditions. Baker et al. (2010) included 

both Map Turtles and Painted Turtles, while Murphy et al (2020) focused on Painted Turtles only, so the 

differences do not appear to be species-specific.   

4.2 Effects of oviposition date, growing degree days, and hatchling size on emergence 

date  
 

I did not find that day of laying or accumulated GDDs predicted the season in which hatchlings 

emerged. I had predicted that Growing Degree Days would influence timing of emergence as I expected 

that incubation temperature influences development rate (Yntema 1978, Holt 2000) and a certain 

amount of development is obviously a prerequisite for emergence. The idea that Growing Degree Days 

would vary among nesting sites within a single locale was based on the observations that nests vary in 

depth, substrate, and amount of vegetation or artificial cover (e.g., retaining wall). Thus, I expected that 
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differences in the duration and amount of sunlight striking the surface and the retention of heat would 

influence the thermal environment and dictate when hatchlings emerge. Studies of Snapping Turtles 

(Holt 2000), Painted Turtles, and Red-Eared Sliders (Les et al. 2007, Riley 2014) do indeed suggest that 

GDD is a predictor of emergence. For example, Les et al. (2007) found that fluctuations in incubation 

temperature affected the size of hatchlings at emergence, which in turn might impact their ability to dig 

out of the nest. I did observe a range of sizes in hatchlings (carapace length varying from 26.4 to 

31.9mm. mean 29.46mm, see Appendix 2). My not finding a relation between emergence season and 

GDDs suggests that turtles are fully developed at the time of hatching but may delay emergence until 

the conditions are right. One possible reason for my not finding a relation is that I could not estimate 

accumulated growing degree days from oviposition to hatching from the egg as I do not know when 

hatching occurred. I suspect that this portion of development may depend more critically on the thermal 

environment and indeed this has been well studied in laboratory experiments (e.g., Yntema 1978, Les 

2007, Holt 2000). 

4.3 Proximate environmental cues 
 

Fall emerging and spring emerging nests were significantly different both in their average nest 

temperature 48 hours before emergence and in the 48-hour average nest-air temperature difference.  

However, as air temperatures in the spring are colder than in the fall, and the nest temperatures were 

the same for both emergence types in fall, this is likely not a cue for emergence, only a by-product of the 

spring season being colder.   

Combined with my observation that fall emergence is more common in Kingston than at other 

locations studied, I speculate that the reason for relatively high fall versus spring emergence may be an 

adaptation that has a genetic (i.e., heritable variation in propensity to emerge in fall or spring) or 
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maternal basis (e.g., variation in the energy that offspring receive from their mothers). The observation 

that one clutch emerged in both seasons could be due to different genetics from different fathers. 

Several studies examined the effect of nest site selection in freshwater turtles and found a 

relationship with hatchling sex ratio, hatchling size, and time to hatching (St. Juliana et al. 2004, 

Valenzuela 2001, Mitchell et al. 2015) although at least one showed no effect on hatchling size 

(Steyermark 2001). Nest site selection is non-random and can be considered a parental investment in 

offspring care (Brooks and Hughes 2006). I observed that females frequently take hours to find a nest 

site, even abandoning the search and returning the next day to try again, indicating that they are quite 

choosy. It may be that some females choose better nest sites than others and that there is thus a 

maternal effect on survival or even emergence for this reason. Maternal effects could also include the 

allocation of resources to offspring through egg size and nutrients, contributing to larger hatchlings. 

Although there is a known maternal effect on size at hatching through size of egg and nutrients, smaller 

hatchlings grow more quickly and are similar in size to larger hatchlings by the time of emergence, 

potentially eliminating the maternal effect on size after this growth period (Steyermark 2001). I 

observed a range of hatchling sizes but did not include further evaluation of size in this study (see 

Appendix 2 for preliminary findings).  

There was a significant difference between some environmental predictors for days when 

hatchlings were present versus absent. The most important of these was rainfall, followed by the nest-

air temperature difference. The best model included 48-hour total rainfall plus the 48-hour nest-air 

temperature difference. For example, each mm of rain increased the log odds that hatchlings will 

emerge by 0.8, with an odds ratio of 2.29.  With nest-air temperature difference, the effect was negative 

(-0.30, odds ratio 0.74).  This means that for every decrease in the nest-air temperature difference there 

was in increase in the odds of emergence, though this had less of an effect than rain. Rainfall may 

encourage hatchling emergence in two ways. First, an inundation of the nest environment may trigger 
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the hatchlings to emerge as nest conditions are no longer favourable. Second, the rain softens the soil 

which is very hard around most sites in dry conditions, making it easier for the hatchlings to dig out of 

the nest. The nest-air temperature difference decrease indicates that the hatchlings may be cued to 

emerge from the nest when the nest and air temperatures are similar (the difference is rarely negative- 

nests are usually warmer). This aligns with the suggestion made by Baker (2013) that hatchlings may be 

able to sense the change in air temperature as increasing air temperature warms the top of the nest 

column, and are the hatchlings are inclined to head upwards as it warms. My results suggest that they 

may at least sense that the top is no longer colder than the bottom of the nest and conditions on exit 

may be more favourable than when the top of the column is colder. 

Hatchling abundance tests examined this question in a different way by looking at the total 

number of hatchlings on a given day (provided at least one was present) and the environmental factors 

that might predict this. However, I found that only approximately 1% of the total variation in hatchling 

abundance was predicted by my best model of 48-hour rainfall and 48-hour air-nest temperature 

difference, meaning that these factors are unlikely to be to be biologically meaningful. 

In contrast to Nagle et al. (2004), I found no effect of minimum air temperature and rainfall one 

day prior to emergence. This could be related to geography and latitude (e.g., different local climates or 

local adaptations) or perhaps to differences in site such as substrate. Nagle et al. (2004) had larger 

sample sizes too and perhaps greater statistical power to detect patterns. 

4.4 Limitations 

My analyses are somewhat constrained by sample size and the attendant statistical power to 

detect trends. I originally had 61 Map Turtle nests monitored over two seasons, but with data 

diminished for various tests for various reasons (e.g., non-surviving nests, vandalism, equipment failure), 

my overall number of nests with complete data (i.e., emergence timing and nest temperature are both 
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known) was small (n=15). Datasets for some variables like survival were much higher (n=50). This 

limitation on power is particularly true for nest temperature. To have achieved a statistical power of 0.8 

with an effect size of 0.5, I would have needed a minimum of 50 clutches that had survived and for 

which I had complete data. Given the attrition rate because of factors mentioned above, I would have 

needed to start with many more nests; for example, I obtained complete data from about 25% of the 

nests that I monitored. To achieve a sample size of 50, I would have had to find and monitor 200 nests 

(or 100 per season for a two-season study). Future studies should consider this in their study design and 

allocation of human resources, financial support, and evaluating the costs of nest sensors.      

 The sites used in my study were largely chosen based on their obvious high levels of known 

nesting activity. These sites may not be representative of nesting activity or success in the region or at 

this latitude generally. For my study or any of those that I cited, the data may derive from atypically 

harsh or mild winters. For example, my most extreme winter nest temperatures were all in 2018 with a 

low of -10.5°C, while the minimum nest temperature in 2019 was only -4.5°C. Moreover, the chances of 

extreme winters may be higher at northern latitudes. Also, most of the studies included only one 

population of turtles and variation may not be only due to geography but also to habitat or other factors 

that can vary among populations.   

Other environmental cues might be involved in hatchling emergence that I did not assess. I used 

average temperature and total rainfall over 48 hours. This decision was based on Rollinson et al. (2017) 

who found that emergence starts about 48 hours before hatchlings appear and my own observations 

that hatchlings take time to emerge. I also included rainfall and minimum nest temperature one day 

prior to emergence - variables found to be important by Nagle et al. (2004). Other combinations of 

minimum temperature or maximum temperature with different time periods may prove important in 

predicting emergence patterns. Finally, I contend that there may be yet unstudied factors affecting 
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emergence such as chemical cues, microorganisms, vibrations from other hatchlings (REF) or oxygen 

levels. 

The difference in winter nest temperatures between the two seasons investigated was marked 

(Figure 9) and highlights inter-annual variation. In general, seasonal fluctuations will influence nest 

survival and likely timing of hatchling emergence. Two seasons of data limit the amount of inter-annual 

variation that can be captured, especially with evidence of increasingly volatile weather patterns in 

North America (EPA 2021). Obviously, a longer-term study encompassing multiple years would help 

address this deficit. The time from nest laying until all emergence occurs is about a year. I am pursuing a 

third season’s data (nests laid in 2020) which will add to my ability to quantify among year variation, and 

test for relations between the environmental variables that I chose and hatchling emergence. 

Although every effort was made to limit the impact of my work on the nests and hatchlings, it is 

possible that partially uncovering the nest and inserting the data loggers disturbed them and created 

conditions that were different from what would have occurred without such interference. However, 

many studies of turtle nests are even more disruptive as they completely excavate, remove, and replace 

the eggs (e.g., see Riley et al. 2014). I feel it is unlikely that my work constituted a major disturbance. 

Regardless, to address this possibility, in the 2020 season currently underway, I covered and continue to 

monitor nests that I did not disturb to look for differences between disturbed and undisturbed nests.   

Although I had hoped to monitor microclimatic data on site (air temperature and relative 

humidity), equipment issues meant that I relied on weather data from the nearest climate station which 

is several kilometres away. This site was similarly near the shores of Lake Ontario (Kingston Airport) but 

nevertheless may have differed from the Inner Harbour site. 
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4.5 Other possible factors affecting emergence 

Riley et al. (2014) investigated the effect of several physical nest features on Painted Turtle 

emergence including nest depth, slope, and shading. They found a relationship with nest slope and 

proportion of bare ground around the nest (as well as predation by sarcophagid fly larvae, not an issue 

in my study). These factors may contribute to emergence in our population of Map Turtles too. 

However, slope, shading, and nest depth should also contribute to nest temperature and thus 

cumulative Growing Degree Days that each nest experiences, so I accounted for these factors at least 

indirectly. 

Several studies have implicated vulnerability to desiccation as contributing to overwintering 

strategy across freshwater turtle species (Baker et al. 2003, Ultsch 2006, Figueras et al. 2018). Individual 

hatchlings or clutches may vary in desiccation vulnerability which may lead them to emerge earlier or 

later. This could have a genetic basis or be an effect of the nest conditions. In the first year of my study, I 

attempted to monitor soil substrate moisture near nests to determine if this may be a factor, but the 

substrates were often hard packed gravel which was difficult or impossible to penetrate with the soil 

moisture meter. Hatchlings may emerge when soil moisture is too low and they are at risk of desiccation 

or conversely when it is too high, though the latter would likely be associated with rainfall events, which 

I tested.   

Differences in how the data were collected and reported could lead to some inaccuracies in my 

inter-study comparisons. For example, in my study the lowest temperature was -10.5 °C, but the lowest 

temperature of a surviving nest was -7 °C. It is not always clear whether other authors are reporting 

absolute or the surviving minimum temperatures.   
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4.6 Future study 

My study provides key insights into nesting and hatchling emergence of Northern Map Turtle 

hatchlings for a single locale near the species northern range limit; however, there is much yet to learn.  

Future studies should include more seasons to attain greater statistical power and assess interannual 

variability. A multi-year study examining heritability of emergence patterns would be a fruitful avenue 

for research, as would a study of maternal effects. 

  Tracking individual females could also help us determine the degree of nest site philopatry and 

flexibility in in choosing nest sites. This would allow us to determine whether females are choosing 

different sites each year or exhibit fidelity to the same nest sites each year. This in turn, if coupled with 

study of microclimatic conditions, could provide insight on nest site selection and behavioural flexibility 

in nesting behavior. High levels of nest site fidelity have been documented in freshwater turtles (Moore 

et al. 2020, Sheridan et al. 2010). In the 2020 nesting season, part of my study site that was used heavily 

for nesting in previous years was cordoned off due to construction. I observed many females spending 

hours trying to access the site despite what seemed to me like perfectly good sites available adjacent to 

this area (that were used by many other females). Although I cannot say with certainty, I suspect that 

these females had a strong preference for the area that they could no longer access perhaps because it 

had been chosen and used in previous years. These females did eventually lay elsewhere, although in 

some instances in areas that seemed less ideal (grass versus gravel, farther from water).  At one of my 

rural sites, the landowner had fenced off access from the water prior to my involvement and had 

observed a female trying to access their property for days before eventually dropping her eggs in the 

water (this motivated them to provide access hatches for the turtles). A next-door neighbour to this 

landowner had many turtles nest on their property which could have been chosen. This again implies 

that females exhibit nest site selectivity and fidelity. Future work should examine nest site features like 
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depth, slope, and shading as Riley (2014) did to add to the suite of variables that may influence nest site 

choice and hatchling success.  

A significant gap in our knowledge pertains to early phases of the life cycle of freshwater turtles, 

and particularly the ecology and mortality rates of hatchlings after they emerge from the nest and enter 

the water. The proportion of hatchling turtles that make it to sexual maturity is generally very low. For 

example, Brooks et al. (1991) estimated the probability of survival from eggs to 19 years (estimated age 

of maturity) in a population of Snapping Turtles in Algonquin Park to be only 0.000692. We do not know 

what contributes to high mortality in early life, nor do we have estimates for recruitment levels in this 

population. 

One of the overarching threats to these species is climate change, which may alter not only 

seasonality, air temperatures and precipitations patterns but also the nest environment itself.  Northern 

Map Turtles and most other Ontario turtles have temperature-dependent sex-determination (Neuwald 

2011, Vogt and Bull 1984). This means that the temperature of incubation determines whether the 

hatchlings will be male or female. If nest temperatures are consistently above the species-specific 

threshold of about 28 to 30 °C (Vogt and Bull 1984), all (or a disproportionately high number) of the 

hatchlings may be females, meaning a skewed sex ratio and potentially a negative impact on population 

recruitment. Future work could focus on determining sex of hatchlings (using blood samples) and relate 

sex ratios to documented nest temperatures.   

 

4.7 Other considerations for conservation of map turtles 

My study was not expressly focused on Northern Map Turtle conservation, and simply sought to 

better understand their nesting ecology and hatchling success. However, the impetus for this study 

came from a desire to better manage this local population based on a thorough understanding of the 
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species local ecology. Populations of any species tend to vary among sites and environments, and this is 

true for the emergence of freshwater turtles (Gibbons 2013). Prior to my study, hatchling emergence 

from the nest in Northern Map Turtles had only been studied at a few locations at more southern 

latitudes. My study explored the emergence of these turtles at locations near their northern range limit, 

latitudes at which we might expect different seasonality and winter severity to play a role in the life 

cycle of these turtles. Indeed, my study highlights some differences between my Kingston site and the 

southern studies done by Baker et al. (2003, 2010) and Nagle et al. (2004) For example, I found a much 

higher percentage of fall emergence. Although in all studies spring emergence was more common, the 5 

or 6% emergence in the fall at more southern sites is markedly less than the 25% (overwinter attempt) 

or 33% (percentage of successful nests) that I found. This means that a considerable proportion of 

hatchlings emerge in the fall. Programs designed to protect hatchlings must consider this. For example, 

nest box monitoring projects like mine must ensure that nest boxes are checked just as often during the 

fall as in the spring to release hatchlings. If not being checked, nest boxes should be removed before the 

fall emergence period and not just in the spring to avoid trapping significant numbers of hatchlings. 

Identification of emergence cues could aid conservationists in knowing when to focus efforts on 

nest checks or re-locating emerged hatchlings. For example, knowing that rainfall might serve as a 

proximate cue, conservationists could be extra-vigilant or increase survey activity within 48 hours of 

rain. In addition, Gibbons (2013) suggests that knowing about emergence timing can help with 

conservation plans that alter traffic (like traffic signs, closed pathways), or water level manipulations. 

Although I did not explicitly quantify the rates of predation and impacts of next boxes on survival in this 

study, anecdotally I did find that survival is generally high when nests are protected.   

“Preventing turtle extinctions in the 21st century will require protecting remaining habitat” 

(Stanford et al. 2020). The sites that this study included comprise major nesting aggregations for this 

population of Northern Map Turtles and quite possibly for the other species that are found nesting here. 
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Quantifying this and educating local citizens through visible conservation action helps us to protect this 

area from development and other threats. Concern over development threats is the main reason that 

the Friends of Kingston Inner Harbour started their turtle monitoring and conservation project. In the 

2.5 years that I have been formally doing this study, this concern over turtles has been a major factor in 

prompting citizen groups to lobby to remove a roadway that was to intersect the park from Kingston’s 

transportation plan and led to major mitigation efforts on the construction of a bridge over the 

Cataraqui River. Both were successful. Further development projects in the area are still under 

consideration, including one that would potentially alter the shoreline at a major basking location and 

another that would alter the riverbed. Evidence of the presence in large numbers of at-risk turtles and 

their use of terrestrial sites for nesting in large numbers will help to counter development pressures and 

mitigate those that cannot be stopped. This is true on a local level, but also at a global level. The more 

people who become interested in and concerned about turtle ecology and diversity, the more support 

there will be for conservation of their habitat. The more knowledge that we have about each species, 

such as the knowledge of Northern Map Turtle nest phenology gained through my study, the more 

insights we have on their habitat use at different life stages and times of year. My study is consistent 

with other studies on this and other species that overwinter in the nest that protection of nesting 

habitat is needed year-round. 

As road mortality of adult females while they are seeking nesting sites can be significant and 

losing a mature female is particularly detrimental to recruitment within a population (Congdon 1994, 

Midwood et al. 2015, Steen et al. 2006), protecting nesting sites that do not require road crossings, like 

my site at Douglas Fluhrer Park and area, may be particularly important. 

We do not have demographic data on this population to assess age structure and test whether 

there is recruitment of younger turtles. While I started a mark-recapture program to try to determine 

this, I have insufficient data for a population analysis (Appendix 1). With the long life and slow 
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maturation time of turtle species, the obvious presence of sexually mature adults may mask situations 

with little or no recruitment for many years (Lovich et al. 2018).  We do not know if that is the case here, 

but with high predation observed on nests, the efforts of FKIH to protect nests and help increase 

recruitment of those hatchlings into the population may safeguard this population.  My study helps give 

Friends of Kingston Inner Harbour and conservation groups working on this and other species, the 

information they need to support their work and ensure their efforts are the most effective they can be. 

4.8 Conclusion 
 

As turtles serve important roles in ecosystems and many turtle species are at risk from human 

activities despite having endured millions of years, we would be doing ourselves and the rest of the 

living world a great disservice if we were to allow any one species go extinct. My study provided 

ecological information not previously reported on Northern Map Turtles near their northern range limit.  

I have shown that clutches of hatchlings have a 25% incidence for fall emergence versus overwintering. I 

showed that more rainfall and higher nest-air differences increase the odds of hatchling emergence 

significantly. I have shown that there is a relationship between emergence season and latitude. These 

findings help fill the gaps in the understanding of this species phenology and will help us to be better 

appreciate and conserve them. 
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Appendix 1: Mark-Recapture 

I undertook a mark-recapture study on both Northern Map Turtles and Midland Painted Turtles as 

part of this thesis. In the end, due to logistical and timing constraints, I did not obtain enough data on 

the population to draw any conclusions about population size or structure.  However, it is worth 

reporting some preliminary findings here. 

Methods 

A mark-recapture technique was employed using snorkels and dip nets (Vogt 2016).  Capture was 

mostly attempted in the spring when turtles are congregated and slower moving, making them easier to 

catch in meaningful numbers (consistent with G. Bulté’s study at QUBS).  Sites where turtles are known 

to congregate (from FKIH observations) were the primary targets to ensure the greatest possible 

capture.  However, other sites with different habitat types were also surveyed to help reduce bias for 

habitat selection differences or competition between different life stages or sexes. Nesting females 

were marked after they complete nesting, if not already marked. The sex, carapace length, width and 

height, plastron length and width, weight, and approximate age of all turtles caught was recorded. 

Photos of the plastron were taken. The turtles were marked for future re-identification using a drill and 

the letter-code scute identification method from Ernst et al (1974) and others (Ferner and Plummer 

2016). They were held for a maximum of four hours (usually less than one hour) and released on site.   

Preliminary Results 

A total of 169 turtles were caught and marked in the spring/summer of 2019 and 2020. Due to 

their high visibility and ease of capture when nesting, there was a very high bias for adult female turtles.  

Table 3 shows the numbers of each species, sex, and age category that were marked over the two years.  

The most important insight is that there is a minimum of 139 adult female Northern Map Turtles nesting 

in the small area that we studied. This suggests that there may be a large and robust population, but 
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more data are needed to confirm this. The marking of females has also started to allow me to make 

observations about number of clutches and nest site fidelity. I have observed several females lay a 

second clutch in one season. I have observed at least a few of the nests from the same female to be in 

very close proximity to their first one or to the previous year’s site. We have limited information on 

these aspects of Map Turtle life history, but now that many are marked, we may soon gain sufficient 

data to see patterns emerge.  I hope to be able to continue this study in 2021, and perhaps beyond, to 

be able to report on this in a future work.  

Table 4: Number of unique turtles identified through mark-recapture 

Species  Age (Adult/Juvenile) Sex Number 

Northern Map Turtle Adult Female 139 

Northern Map Turtle Adult Male 9 

Northern Map Turtle Juvenile Female 2 

Northern Map Turtle Juvenile Unknown 3 

Midland Painted 

Turtle 

Adult Female 14 

Midland Painted 

Turtle 

Adult Male 2 

 

Appendix 2: Hatchling size 

Measurements of most hatchlings that emerged were taken and some preliminary analysis on the 

size versus emergence was done. These data did not contribute significantly to my thesis but are worth 

noting here.   

Methods 

To test whether larger hatchlings may emerge earlier due to greater ability to dig out of the nest, I 

compared the size of hatchling to emergence date both between seasons and among seasons using a t-

test and linear regressions. I used mid-carapace length for this test as it better reflects structural size. I 
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did not measure hatchlings from 2018 clutches emerging in the fall, so only 2019 data were used for this 

test.   

Results 

I found no significant difference in hatchling size between the two seasons (t109.42 = 1.75, p = 0.083). I 

found no significant difference in hatchling size by date within the fall season (Multiple: R2 0.0032, 

Adjusted R2 = -0.014, F1,57 = 0.18, p = 0.67).  I did find a significant difference in hatchling size by date 

among the spring emerging nests (Multiple R2 = 0.41, Adjusted R2 = 0.40, F1,57 = 39.5, p << 0.001, Figure 

16).  However, a wide range of hatchling sizes do appear on the same day. 

 

Figure 16: Hatchling size and emergence timing in the spring emergence season.  Larger hatchlings emerged at an 
earlier date on average than smaller hatchlings, though a lot of variation can be seen, and the relationship is small. 

 

Discussion 

There was a difference (explaining 30% of variation) in size between earlier and later spring 

emerging hatchlings. The spring emergence season is longer than the fall season so the scales are a bit 

different which may partly account for the difference. Also, these analyses do not control for clutch 
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effects and with much emergence synchronous, and with clutch mates possibly being closer in size to 

each other (e.g., maternal effect), the numbers might be skewed. Figure 16 shows a range of hatchling 

sizes that emerge within a single day, so the relationship is far from perfect. Nonetheless, it appears that 

larger hatchlings may indeed have a slight advantage to emerge earlier, at least in the spring season, 

contributing to some of the variation in hatchling emergence timing.   

 

Appendix 3: Conservation tools 
 

Need to know facts for conservationists working with Map Turtles near northern range limit: 

1. Nesting can occur at least from May 31-July 16 with potential for a wider range of dates.  This is 

an important time to protect turtles and their nesting habitat from disturbance.  This is also 

when road crossing risk is the highest and road mitigation measures are most needed.   

2. Viable eggs and/or hatchlings may be in the nest any time of year.  There is no safe time to 

disturb nesting areas. 

3. 25% of clutches may emerge in the fall here, higher than in other locations.  Thus, a significant 

number of hatchlings do emerge in the fall.  Nest box projects must take this season into 

account- closed boxes need to be checked starting in August or removed.  Notched boxes 

eliminate this issue. 

4. Hatchlings emerge from the nest and travel towards water over a wide range of dates: the 

months of September and October and again in March through early June.  These are all times 

to watch for emerged hatchlings and take any efforts to mitigate impacts on travelling 

hatchlings. 
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5. Preliminary observations suggest that females may return to the same specific spot to nest each 

year, though this needs more work to be confirmed.  If true, creating alternate habitat in place 

of disturbed habitat may not be successful. 

 

Appendix 4: Environmental Impacts of my Study 

I wish to acknowledge that there were various environmental impacts associated with completing 

the science reported in this study.  I have intentionally chosen to incorporate the actions listed below to 

reduce, mitigate or avoid some of these impacts. 

Category of Potential 
Impact 

Details of Activity Impacts of Activity Actions taken to 
reduce impact 

Choice of research topic Some types of research 
are inherently more 
impactful than others 
due to the methods and 
material that are used 

Can be far- reaching 
from waste to energy 

I chose a topic that is 
mainly observational, 
occurs in a natural 
setting, requires 
limited equipment 
and materials 

Choice of research site Where you do research, 
especially in relation to 
where you live. 

Travel costs and 
impacts can be 
extensive 

My locations are very 
close to home.  I walk 
to my main research 
site. 

Travel Travel to secondary 
research sites 

Fossil fuels emitted by 
driving to secondary 
sites 3-4 times per year.  
Kingston-Opinicon Lake 
area (50km). 

As above, I chose 
sites close to home.  
For those that did 
require driving, I 
worked to 
consolidate visits to 
limit number of trips 
and planned routes 
to limit the amount 
of driving that was 
necessary per trip. 

Equipment and material Use of equipment 
needed to measure, 
mark turtles and for 
nest protectors 

Some new equipment 
was purchased 
including calipers, 
scales, dremmel, 
sensors and more.  Nest 
cover boxes required 
the use of lumber and 
hardware cloth and 

Re-set and reused 
sensors over multiple 
years.  Nest box 
building was done 
locally which avoided 
some shipping 
impact.  They will be 
used by volunteer 
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about 90 of these were 
made over the two 
years.  There is an 
impact of resource 
extraction, 
manufacturing, 
shipping, and waste for 
all of these things. 

groups for several 
years after this 
project.  The original 
design was modified 
to use less material 
per box in 
subsequent builds. 
The hardware cloth 
and screws are 
recyclable after their 
use is no longer 
needed.  Calipers and 
scales can be reused 
if there is a need for 
them. 

Energy use Use of energy for 
facilities, computing, 
equipment and more 

Although for this 
project the energy use 
is low, there is an 
impact of computing 
and data storage as well 
as for batteries for the 
sensors and drill. 

The battery for the 
drill is rechargeable 
and the drill is shut 
off when not in use.  
Batteries from the 
sensors will be 
recycled with battery 
recycling programs.  
My data set is not 
overly large and is 
mainly stored locally, 
though some cloud 
storage and server 
storage has been 
used.  All unneeded 
data will be deleted 
after the project is 
complete.   

 

 

 

 

 

 


