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ABSTRACT

The Petrie Island Turtle Project had three questions we wanted to investigate for 2021. 1) How
do painted turtles (Chrysemys picta) and northern map turtles (Graptemys geographica)
distribute themselves across available basking sites and why do turtles aggregate at basking
sites? 2) How are northern map turtles affected by motorboat strikes? 3) How large are the turtle
populations at Petrie Island? Painted and northern map turtles were marked and photographed as
they are the most common turtles to be observed aerial basking at Petrie Island. Turtles were
caught by basking trap, dip net and hoop net. Basking surveys were conducted across 75 days
with 1900 basking observations. 702 basking observations were recorded in May, 357 in June,
457 in July, 304 in August and 79 in September. Basking aggregations (two or more turtles on a
basking site) occurred more often in May while the percentage of individual turtle basking
increased after May. One adult female northern map turtles had injuries associated with
motorboats, however, 8 of 32 turtles had injuries from predators or unknown sources. An
additional female northern map turtle was observed with an injury from a motorboat strike on
iNaturalist Canada. 173 total turtles were marked with 32 northern map turtles (20 adult females,
5 adult males, 7 juveniles) and 141 painted turtles (52 adult females, 66 adult males, 23
juveniles). Many snapping turtles were also caught in hoop nets. No Blanding’s (Emydoidea
blandingii) or musk turtles (Sternotherus odoratus) were caught. In 2022, our research will continue

investigating why turtles aggregate at basking sites, how northern map turtles are affected by
motorboat strikes and how large turtle populations are at Petrie Island.
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1

INTRODUCTION

1) How do painted turtles (Chrysemys picta) and northern map turtles (Graptemys
geographica) distribute themselves across available basking sites and why do turtles
aggregate at basking sites?
Aggregation occurs in many animals from simple multicellular species to large mammals
(Parish & Edelstein-Keshet 1999). Aggregation can be defined as the tendency for individuals to
be spatially closer to one another than what would be expected by chance (Fryxell 1990).
Depending on the species, aggregations can be labelled different names such as herds, schools,
or swarms (Allee 1927). Two striking examples of animal aggregations are demonstrated during
the annual wildebeest migration (Thirgood et al. 2004) and locust swarms (Ellis 1959).
Animals can aggregate for social or asocial reasons. The latter occurs when individuals
are attracted to resources that are either limited or clumped (Johnson et al. 2002; Carr &
MacDonald 1986). For example, white sharks in Australia aggregate to forage on seal colonies
(Bruce & Bradford 2015; Schilds et al. 2019). Similarly, large herbivores aggregate around
watering holes during the dry season in Kruger National Park (Thrash et al. 1995). However,
aggregations are not always dependent on individual attraction to resources (Salma & Thomson
2018).
Animals can also aggregate for social reasons and several hypotheses have been proposed
to explain such aggregations. The “selfish herd” hypothesis (Hamilton 1971) or “risk-dilution”
hypothesis (Roberts 1996) states that an individual will reduce its risk of predation through risk
dilution by associating with conspecifics, as observed in fiddler crabs (Viscido & Wethey 2002).
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A second hypothesis for social aggregation is the “many eyes” hypothesis which states that as
group size increases, more eyes are surveying for predators which allows individuals to devote
more time towards other activities, such as foraging, without comprising the group’s ability to
detect a predator (Lima 1995; Ebensperger et al. 2006). For example, lactating big horn sheep
aggregate with conspecifics to increase predator detection (Rieucau & Martin 2008). A third
hypothesis for social aggregation is that cooperative foraging enables groups to increase the
range of resources individuals can obtain from the environment. This is exemplified by crab
spiders, killer whales, and vampire bats (Wilkinson 1990; Guinet et al. 2000; Dumke et al. 2018;
Majer et al. 2018). A fourth hypothesis proposes that social aggregation provides
thermoregulatory benefits by minimizing heat loss and thereby lowering energy expenditure,
allowing energy reallocation to other functions such as growth or reproduction (Gilbert et al.
2010; Wilson 2009). For example, abandoned penguin chicks will aggregate to conserve heat
(Wilson 2009). However, the reasons for aggregations (social and asocial) are not mutually
exclusive and social interactions may evolve from asocial aggregations (Dolan III & Bulter IV
2006; Ebensperger 2001).
Aggregations of reptiles have been documented and inferred to have both asocial and
social causations (Brattstrom 1974). For example, rattlesnakes and garter snakes are notorious for
large aggregations at hibernacula that have particular thermal and structural characteristics
(Gienger & Beck 2011; Carpenter 1953; Gregory 2004). Such overwintering aggregations can
lead to social interactions, such as mating, upon exiting the hibernacula in the spring (Larsen et
al. 1993; Shine et al. 2001; Shine et al. 2003; Aleksiuk & Gregory 1974). Neonatal tiger snakes
aggregate for thermoregulatory benefits which lead to better locomotor performance and
predator evasion (Aubret & Shine 2009). Finally, many sea turtles and some iguana nesting
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aggregations dilute the predation of nests (Eckrich & Owens 1995; Richard & Hughes 1972;
Tanner et al. 2019; Rand 1968; Bock & Rand 1989).
Basking is a conspicuous behaviour in many freshwater turtles that allows turtles to
thermoregulate (Boyer 1965; Auth 1975; Schwarzkopf & Brooks 1985; Bulté & Blouin-Demers
2010), dry their shell and skin (Boyer 1965), and remove ectoparasites (Vogt 1979; McKnight et
al. 2021). Aggregations of freshwater turtles at basking sites are well documented (Boyer 1965;
Gordon & MacCulloch 1980; Flaherty & Bider 1984; Pluto & Bellis 1986; Carrière & BlouinDemers 2010; Selman & Qualls 2011; Nordberg & McKnight 2020), especially in map turtles
(genus Graptemys) and closely related emydid turtles (Lindemann 2013). However, it is still
unclear why many freshwater turtle species aggregate at basking sites but two, non-mutually
exclusive reasons have often been proposed.
Firstly, aggregations may occur for entirely asocial reasons because basking sites with
preferred habitat characteristics are limited (Boyer 1965; Gordon & MacCulloch 1980).
However, asocial aggregation may lead to social interactions. Aggressive interactions at basking
sites have been documented both within and between species (Bury & Wolfheim 1973; Pluto &
Bellis 1986; Lovich 1988; Lindemann 1999; Polo-Cavia et al. 2010). These interactions can in
turn affect the age and sex structure of basking aggregations and lead to sex and age specific
patterns in spatial distribution. Secondly, aggregation can be expected to occur if basking in
group increases the detection of predators or other threats (Boyer 1965; Moore & Seigel 2006) as
suggested by the “many eyes” hypothesis. Solitary basking turtles have been suggested to detect
potential threats less effectively (Auth 1975; Shealy 1976; Moore & Seigel 2006; Bulté et al.
2020). Finally, some authors have suggested that turtles aggregate at basking sites for
unspecified social reasons (Boyer 1965; Gordon & MacCulloch 1980; Flaherty & Bider 1984).
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The objective of the first field season was to formally quantify basking aggregations in
painted and northern map turtles at Petrie Island. More specifically, the objective was to
determine if basking aggregations of painted and northern map turtles are caused by asocial
reasons (basking sites with preferred physical and thermal features are limited). During the
second field season (May 2022-September 2022), the objective is determine if basking
aggregations form for social reasons (turtles are attracted to one another), specifically testing the
“many-eyes” hypothesis.
(Note: This introduction section was taken from my M.Sc. project proposal)

2) How are northern map turtles affected by motorboat strikes?
Recreational boating is a popular activity throughout Ontario and Canada, especially
along the Ottawa river. In turn, boating can have serious on direct and indirect impacts on
wildlife such as mortality or mutilation (Kraus 1990; Archibald & James 2018), disturbance
during reproduction (Moore & Seigal 2006), and alter auditory sensory (Scholik & Yan 2002).
Specifically, northern map turtles (Graptemys geographica) are extremely at risk due to their
habitat use and seasonal movement patterns aligning with high uses of recreational boating
(Bulté et al. 2010; Bennett and Litzgus 2014). In a study of two populations of northern map
turtles in Ontario, adult female turtles had significantly more propeller injuries than other age
groups or sexes (Bulté et al. 2010). The population of northern map turtles with the highest
frequency of propeller injuries was in the Thousand Islands Nation Park (then St. Lawrence
Islands National Park) (Bulté et al. 2010), in river system similar to the Ottawa river. We decided
to research how northern map turtles are affected by motorboat strikes at Petrie Island as it is a
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significant wetland area along the Ottawa river with northern map turtles where a marina is
located nearby.

3) How large are the turtle populations at Petrie Island?
Many freshwater turtle populations are declining globally (Gibbons et al. 2000) due to a
variety of reasons such as road mortality (Piczak et al. 2019), habitat destruction or alteration
(Moore & Seigal 2006), poaching (Gibbons et al. 2000), bycatch in fisheries (Larocque et al.
2012), and invasive species (Spencer et al. 2017). Petrie Island presents a great opportunity to
study turtle populations along the Ottawa River and within proximity of many urban areas,
where previously mentioned threats may be present. We are conducting a mark-recapture study
to assess the painted and northern map turtle populations at Petrie Island as they are the focus of
our two previous questions.

2

2.1

METHODS

Study Site
Field work took place from early May to early September during 2021 at Petrie Island,

Orléans, Ontario, Canada. Research efforts focused on Turtle Pond, Muskrat Bay, Middle
Channel, Crappie Bay and South Channel (Figure 1).
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Figure 1. Map of Petrie Island.

2.2

Marking turtles
Turtles were caught by dip netting, basking traps and hoop nets. When turtles were

captured, basic measurements such as carapace length, carapace width, carapace height, plastron
length, mass and sex were recorded. The presence and number of growth rings and leeches were
also noted. Any injuries were noted and photographed. Turtles were notched using a triangular
file along the marginal scutes of their carapace to identify individuals when recaptured
(Schneider et al. 2018). The carapace of each turtle was scrubbed to remove any shedding scutes
and, a unique ID number was applied using a thin layer of Behr barn and fence exterior paint.
Sharpie paint markers were later used for better results. Male turtles were painted with red paint
and female turtles were painted with white paint to help distinguish an individual’s sex during
basking surveys. After the paint had dried, turtles were released at their point of capture. Paint
routinely faded or was completely removed within weeks of its application.
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2.3

Basking surveys
Basking surveys were conducted at Petrie Island by photographing all basking turtles

using a Nikon Coolpix P950 (24-2000mm-83x zoom NIKKOR ED lens) which captured detailed
photos from a long distance which reduced the disturbance of basking turtles when monitoring
basking sites and helped determine the sex of basking turtles through morphological features of
such as turtle size, proportional tail length, proportional tail thickness and proportional front claw
length. Basking surveys at Petrie Island concentrated on Turtle Pond, Muskrat Bay, Middle
Channel, Crappie Bay and South Channel as a majority of basking sites occurred in these areas.
Surveying basking sites in other areas of Petrie Island would have been logistically challenging
and daily basking surveys would have had a high probability of being incomplete.
Prior to basking surveys, each available basking site was numbered and recorded on a
handheld GPS unit which was later used to help identify which sites were used by basking
turtles. 459 basking sites were identified. The habitat characteristics of basking sites that were
measured included available basking site area, water depth at the basking site, distance to
shoreline from the basking site and canopy coverage. To measure available basking area, a
basking site was divided up into simple geometric shapes (e.g., rectangle, circle, triangle) and a
measuring tape was used to measure the dimensions of each shape so that area can be calculated
and summed. To measure canopy coverage, a GoPro with a wide field of view (FOV) setting was
used to take a photo of the canopy overhead of the basking site. The wide FOV was chosen as it
captures a picture with an angle of 130o, instead of the superview FOV which captures an angle
of 170o but creates more image distortion. Image distortion from the wide FOV will be removed
using Adobe Premiere Pro. A measuring tape was used to measure the distance to the closest
shoreline of a basking site. Water depth was measured using a rope.
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2.4

Animal care and permits
Animal care protocols were approved by the University of Ottawa and turtles were

captured under permits provided by the Ontario Ministry of Natural Resources and Forestry
(Wildlife Scientific Collector’s Authorization No. 1097846).
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3.1

RESULTS

Marked turtles
A total of 173 turtles were marked including 32 northern map turtles (20 adult females, 5

adult males, 7 juveniles) and 141 painted turtles (52 adult females, 66 adult males, 23 juveniles).
Many snapping turtles were also caught in hoop nets while zero Blanding’s and musk turtles
were caught. The number of turtles caught for each capture method is outlined in Table 1 and the
location of where turtles were caught is outlined in Table 2.

Table 1. Number of turtles caught for each capture method. Sex is included in brackets where F
– Female, M – Male, and J – Juvenile.
Northern map

Painted

Total

Basking trap

12 (11 F, 1 M)

7 (3 F, 3 M, 1 J)

19

Dip net

20 (9 F, 4 M, 7 J)

94 (42 F, 30 M, 22 J)

114

Hoop net

0

40 (7 F, 33 M)

40
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Table 2. Number of turtles caught at each location at Petrie Island by turtle species.
Northern map

Painted

Total

Turtle Pond

1

40

41

Crappie Bay

3

16

19

Muskrat Bay

20

73

93

Middle Channel

6

5

11

South Passage

1

2

3

Other

0

6

6

3.2

Basking surveys
Basking surveys were conducted across 75 days with 1900 basking observations. 702

basking observations were recorded in May, 357 in June, 457 in July, 304 in August and 79 in
September. Across the 75 days of basking surveys, individual basking turtles were the most
common (Table 3) where female turtles were more likely to be observed basking alone for
painted and northern map turtles (Table 4). Most basking aggregations (two or more turtles)
occurred in May with percentage of individual turtle basking significantly increasing after May
(Table 5).
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Table 3. Number of basking observations per basking aggregation size for both painted and
northern map turtles.
Basking aggregation size

Total number of basking observations

1

1226

2

346

3

123

4

59

5

27

6

19

7

11

8

6

9

6

10

4

11

6

12

5

13

3

15

1

17

2

20

1

21

1

23

1

Table 4. Individual basking observations by species and sex.
Males

Females

Painted

359

427

Northern map

159

267

Total

518

694
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Table 5. Percentage of observed basking aggregations by size and month for both painted and
northern map turtles.
Basking

Month

aggregation
size
May

June

July

August

September

1

50.9

76.7

75.1

75

81

2

21.5

15.1

18.2

18.4

16.5

3

10.1

4.2

4.6

4.9

2.5

4

6.4

1.1

1.7

0.6

0

5

2.9

0.9

0.2

0.6

0

6

2.1

0.5

0.2

0.3

0

7

1

1.1

0

0

0

8

0.9

0

0

0

0

9

0.9

0

0

0

0

>9

3.2

0.2

0

0

0

Total

702

357

457

304

79

observations

3.3

Turtle injuries
One captured adult female northern map turtle had an injury consistent with a propeller

strike (Figure 2). A total of 8 of 32 map turtles had injuries from predators or unknown sources.
One female northern map turtle was observed with an injury from a motorboat strike on
iNaturalist Canada (Figure 3). Some painted turtles also exhibited injuries from predators and
one captured painted turtle had a fishhook in its mouth. Other captured painted and snapping
turtles displayed signs of being previously hooked from healed injuries.
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Figure 2. Adult female northern map turtle with v-shaped gouge in rear marginals, an injury
consistent with a boat propeller strike.
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Figure 3. iNaturalist Canada photo of an adult female northern map turtle (furthest left) with a
boat strike injury (photo credit: pantherophis).

4

4.1

DISCUSSION

Turtle populations
With a large number of turtles marked at Petrie Island and many still unmarked (as

observed through basking surveys), the turtle populations around Petrie Island appear to be
healthy. Areas of Petrie Island that were not of research focus in 2021 may reveal more
individuals for each species. Painted turtles are the most abundant turtle species at Petrie Island
as shown through the capture data in section 3.1. Our capture data is biased towards male painted
turtles as they were required for an additional research project that took place at the University of
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Ottawa that is not summarized in this document. Twenty-three juvenile painted turtles were
captured which shows a high rate of recruitment which is an important factor in maintaining
healthy populations.
From Table 1, having diverse capture methods is extremely important as different
methods are species or sex biased. For example, hoop nets caught zero northern map turtles and
40 painted turtles, however, of those 40 painted turtles 33 were males (Table 1). Similarly, more
northern map turtles were caught than painted turtles using basking traps (Table 1). Most turtles
were caught in Muskrat Bay followed by Turtle Pond (Table 2). Only 3 turtles were caught in
South Passage (Table 2), but many northern map turtles were observed during basking surveys.
While not included in Table 2, most of the turtles caught in Crappie Bay were juveniles,
specifically near the Basswood trail (Figure 4).

Figure 4. Map of trails at Petrie Island.
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We plan to continue our mark-recapture study of both painted and northern map turtles at
Petrie Island in 2022. We hope to expand our mark-recapture study to include snapping, musk
and Blanding’s turtles at Petrie Island to understand how large the population of these other
turtle species are. Additionally, our hope is to continue the mark-recapture study at Petrie Island
behind 2022 and develop the project into a long-term study. Petrie Island is an excellent location
to study freshwater turtles in the Ottawa area due to its diversity (turtles and other species),
significant wetlands, and potential issues that may arise due to being located in an urban area.
The Friends of Petrie Island and the naturalist community at Petrie Island are extremely engaged
which would benefit the development of a long-term study.

4.2

Basking aggregations of freshwater turtles
Basking surveys at Petrie Island revealed that most turtles tend to bask individually,

ranging from 50.9% (May) to 81% (September) of basking observations (Table 5). Basking
aggregations (two or more turtles on a basking site) were most commonly observed in May
(Table 5), with large observations (greater than 9 basking turtles) primarily being observed
during this month. This was expected as freshwater turtles at higher latitudes must bask to
thermoregulate after emerging from overwintering (Bulté & Blouin-Demers 2010). The total
number of observed basking turtles decreased throughout the summer as water temperatures
increased thus turtles no longer needed to use basking sites to thermoregulate as often. Turtles
were often observed basking at the surface of the water as water temperatures warmed (Figure 5)
and juveniles were occasionally observed basking on lily pads due to their lower weight (Figure
6). Female turtles were more often observed basking individually compared to male turtles for
both species (Table 4). This may be a consequence of a higher population ratio of female to male
turtles or that female turtles are required to bask more for thermoregulation due to having larger
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body sizes than males (Figure 7) (Bulté & Blouin-Demers 2010) and to help develop eggs
(Carriere et al. 2008).

Figure 5. A male painted turtle surface basking in Turtle Pond.
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Figure 6. A juvenile painted turtle basking on a lily pad.
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Figure 7. An adult female northern map turtle (#23 with white paint, bottom) and an adult male
northern map turtle (#24 with red paint, top).

4.3

Turtle injuries
Only one captured northern map turtle exhibited injuries consistent with a propeller strike

(Figure 2) and another was observed through iNaturalist Canada (Figure 3). The low number of
turtles with boat strike injuries may be a result of turtles avoiding areas of high boat traffic.
Northern map turtles that are hit by boats may have a high mortality rate due size of larger

22

vessels and the intensity of the impact. This would result in few turtles exhibiting such injuries.
Continuing our mark-recapture and analysis of injuries could better answer this question. 8 of the
32 captured northern map turtles also exhibited injuries from predatory or unknown sources.
Injuries to adult turtles from predators are most likely from river otters that are observed around
Petrie Island or are previously sustained injuries that occurred as juveniles. Analyzing injuries to
painted and snapping turtles may also be beneficial in a future study as a number of turtles were
observed with previous injuries that were consistent with being hooked by recreational anglers.
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