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Abstract
Mass mortality events appear to be increasing in intensity and frequency, so understanding their causes and consequences is

imperative for wildlife conservation. We report on a mass mortality event in a population of Northern Map Turtles (Graptemys
geographica (LeSueur, 1817)). At a communal overwintering site, 142 carcasses (ca. 10% of population) were recovered, seemingly
depredated by river otters (Lontra canadensis (Schreber, 1777)). We compared the size and sex of the carcasses to those of turtles
that survived. Smaller turtles and males were more likely to be depredated than larger turtles and females. Using captures
made at the same overwintering site between 2003 and 2022, we assessed the vulnerability of this population to mass mortality
events during winter. Nearly 60% of the 1875 turtles marked between 2003 and 2022 used the overwintering site where the
mass mortality event occurred at least once. On average, turtles overwintered at the site at least 38% of the winters between
their first and last capture. Our study shows how behaviour and physiology interact to predispose a species to mass mortality
events and ecological traps. Protecting overwintering sites and minimizing human pressures affecting winter depredation may
be essential for the preservation of certain turtle populations.

Key words: Northern Map Turtle, Graptemys geographica (LeSueur, 1817), predation, mass mortality events, site fidelity, over-
wintering

Introduction
Die-offs, also known as mass mortality events, have been re-

ported in a wide range of animal taxa from around the globe
(Reed et al. 2003; Fey et al. 2015). These events, broadly de-
fined as sudden and marked increases in mortality rates, can
push populations towards extinction (Lande 1993). Mass mor-
tality events are especially concerning for long-lived species
with slow life histories, as it may take decades for populations
of such species to recover from the loss of only a few adults
(Brooks et al. 1991; Keevil et al. 2018). Mass mortality events
appear to be increasing in frequency and amplitude, and
nearly 20% of them are caused by human actions (Fey et al.
2015). Mass mortality events are thus of particular interest to
conservation scientists and wildlife managers (La and Cooke
2011; Ameca Y Juárez et al. 2012; Gasbarrini et al. 2021), but
documenting them is challenging because such events re-
main relatively rare and are unpredictable (Reed et al. 2003).

Mass mortality events have various causes. Among bi-
otic interactions (excluding those with humans), diseases
and biotoxicity account for large (26.3% and 15.8%, respec-
tively) proportions of mass mortality events (Fey et al. 2015).
Predation, on the other hand, appears to be a rare cause
of mass mortality events (Young 1994). Severe predation
events can nonetheless have dramatic and long-lasting de-
mographic consequences on populations (Festa-Bianchet et

al. 2006; Keevil et al. 2018). Moreover, human activities can
change predator abundance and behaviour and, by doing so,
cause rapid predation-induced declines in prey populations
(Williams et al. 2004; Ekroos et al. 2012). When predation
risk increases rapidly, individuals may not be able to adjust
through phenotypic plasticity or the populations may not
have sufficient time to mount an adaptive response, hence
creating ecological or evolutionary traps (Kokko and Suther-
land 2001; Battin 2004; Hale and Swearer 2016).

Species with high site fidelity have been argued to be pre-
disposed to fall into ecological traps (Merkle et al. 2022). Ani-
mals often return to sites they have previously used for repro-
duction, foraging, migration, and overwintering. Such site fi-
delity can be adaptive in both predictable and unpredictable
environments (Switzer 1993), but human-induced rapid en-
vironmental changes (Sih et al. 2016) can render site fidelity
maladaptive (Merkle et al. 2022). Indeed, site fidelity can be
viewed as a form of behavioural rigidity, and faithful indi-
viduals may lack the flexibility to seek alternative sites when
previously used sites become ecological sinks due to rapid en-
vironmental changes, such as changes in predation pressure
(Ekroos et al. 2012).

Fidelity to overwintering sites as well as communal hiber-
nation have been reported in several freshwater turtles in
cold climates (Brown and Brooks 1994; Litzgus et al. 1999;
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Graham et al. 2000; Ultsch et al. 2000; Galois et al. 2002;
Newton and Herman 2009). These behaviours may be adapta-
tions to minimize winter predation risk as winter predation
on turtles can be substantial (Brooks et al. 1991; Lanszki et al.
2006). Overwintering freshwater turtles appear to be particu-
larly vulnerable to predation because cold temperatures limit
or prevent them from escaping predators or defending them-
selves against attacks given the depression in metabolic rates
and constraints on locomotion induced by cold. Turtles may
thus return to, and aggregate at overwintering sites that have
been historically difficult or impossible to access by predators
such as the river otter (Lontra canadensis (Schreber, 1777)) and
the American mink (Neovison vison (Schreber, 1777)) that can
hunt under the ice. Mass winter predation events of turtles
may thus represent instances in which previously inaccessi-
ble overwintering sites became accessible to predators due
to natural or human-induced environmental changes. Once
overwintering sites are accessible to, and known to preda-
tors such as otters, overwintering turtles would become a pre-
dictable and easily obtained food source at a time when other
prey are limited (Lanszki et al. 2006). Thus, turtles could ex-
perience very high predation rates.

Documenting rare mass mortality events is the first step
in understanding their causes and consequences (Catrysse et.
al. 2015; Stacy et al. 2014; Gasbarrini et al. 2021). Moreover,
assessing the behavioural predispositions of populations to
mass mortality events and ecological traps may help mini-
mize their occurrence and impacts (Merkle et al. 2022). Do-
ing so is particularly important for the conservation of lo-
cal turtle populations. Turtles are globally at risk (Stanford
et al. 2020). The reasons for their decline are varied, but the
slow life history of turtles greatly limits their ability to re-
cover from sudden increases in adult mortality (Congdon et
al. 1993, 1994), including those caused by mass predation
events (Keevil et al. 2018).

Here, we report on a mass winter predation event in a
population of Northern Map Turtles (Graptemys geographica
(Lesueur, 1817)) in Opinicon Lake, Ontario, Canada. In April
2022, we recovered 142 turtle carcasses at an overwintering
site we had been monitoring for 19 years. We first describe
the size and sex of the depredated turtles as well as the type
of trauma inflicted. Because the population had been the fo-
cus of a mark–recapture study since 2003, we also have a
unique opportunity to test the effect of size on the probability
of being preyed upon. This is important because the popula-
tion consequences of mass mortality events will be especially
severe if large turtles and if females are more susceptible
to predation. Finally, we use our long-term mark–recapture
data to assess the vulnerability of overwintering map turtles
to mass mortality events by estimating overwintering site fi-
delity. Our findings will be of interest to wildlife managers
and stakeholders engaged in turtle conservation and to pop-
ulation biologists more generally.

Materials and methods

Study site
We conducted this study at the Queen’s University Bi-

ological Station, approximately 100 km south of Ottawa,

Ontario, Canada. We captured map turtles in Opinicon Lake,
a small (7.9 km2) and shallow (mean depth = 2.5 m; maxi-
mum depth = 10.7 m) mesotrophic lake that is part of the
Rideau Canal World Heritage Site, between 2003 and 2022.
We captured turtles annually, typically while snorkeling in
the vicinity of overwintering sites, basking sites, and nesting
sites. Turtles were individually marked by drilling or notch-
ing their marginal scutes in unique combinations (2003–
2021) or with passive integrated transponders (2022) inserted
in the body cavity. The focal overwintering site of this study is
a 0.16 km2 island. Our field observations as well as eDNA sur-
veys (Feng et al. 2019) suggest that there are two main clusters
of overwintering turtles around the island.

Mass mortality event
On 21 April 2022, 12 days after the ice cover on the lake

melted, 142 Northern Map Turtle carcasses were recovered
while snorkeling at one of two main overwintering clusters.
The carcasses were all recovered along an approximately 50 -
m stretch of shoreline in water less than 2 m deep. Many
of the carcasses were in heaps of several individuals (Fig.
1a). All the carcasses had clear signs of depredation, such
as crushed shells and missing appendages (Figs. 1a and 1b).
We determined the sex of the dead turtles from the shape of
their shells (at equal size, male map turtles are more oblong
than females), recorded missing appendages (limbs, head,
and tail), and whether each shell was intact. On intact shells,
we measured carapace length (CL) and carapace width (CW)
using forestry calipers (0.5 mm accuracy). Straight CL is the
most reported size measurement for freshwater turtles, but
it could not be measured in 64 individuals due to extensive
shell damage. In these cases, we estimated CL from CW using
equations derived from our study population. To derive these
equations, we used measurements from live turtles (392 fe-
males, 720 males, and 609 individuals too small to be sexed)
captured between 2003 and 2022. We only used turtles within
the range of the CW of the dead turtles to derive the equa-
tions to predict CL from CW in millimetres,

Females: CL = −9.50 + 1.25∗CW (n = 392; R2 = 0.97).
Males: CL = −27.98 + 1.55∗CW (n = 720; R2 = 0.95).
Sex unknown: CL = −21.96 + 1.45∗CW (n = 609; R2 = 0.90).

The vicinity of the area where the carcasses were recovered
was snorkelled on three other occasions between 22 April and
1 May 2022, and no other carcasses were recovered, although
an undetermined number of shells were seen in inaccessi-
ble crevices between boulders. On these three occasions, we
captured 73 live turtles within 200 m of where the carcasses
were recovered. Map turtles at our study site overwinter very
close to one another (Fig. 1d) and disperse from their overwin-
tering sites 2–3 weeks after the surface ice melt, which usu-
ally occurs in mid to late April. We can thus assume that the
turtles we captured live overwintered nearby the turtles that
were depredated and were thus presumably available to the
predators. We tested whether size affected the probability of
a turtle being depredated with a logistic regression with CL as
the predictor variable and whether a turtle was encountered
dead or alive as the binary response variable. Northern map
turtles display extreme sexual size dimorphism with adult
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Fig. 1. (a) A heap of dead Northern Map Turtles (Graptemys geographica) as recovered in Opinicon Lake, ON, Canada on 21 April
2022. (b) Example of a Northern Map Turtle carcass with shell damage. (c) Example of a Northern Map Turtle carcass with all
limbs and tail severed. (d) Under the ice photograph of overwintering Northern Map Turtles in Opinicon Lake showing that
turtles are exposed, and aggregated.

females reaching twice the CL of males (Vogt et al. 2018). The
limited overlap in body size between the sexes confounds the
effects of size and sex in statistical analyses. We thus per-
formed logistic regressions separately for each sex. Because
we were not able to confidently determine the sex of 25 in-
dividuals (19 dead and 6 live), we randomly assigned half of
these individuals as males and the other half as females. Fi-
nally, we tested whether size affected the probability of the
shell being crushed by the predators using a logistic regres-
sion with CL as the predictor variable and whether the shell
was intact as the response variable.

Overwintering site fidelity
We estimated overwintering site fidelity with the following

equation:

SF = Nw/Np

where Nw is the number of winters a turtle was known to
have overwintered at the site and Np is the possible number
of winters that individual could have overwintered at the site

and could have been captured in the spring. To calculate Nw

for an individual, we counted the number of years that indi-
vidual was captured anywhere around the perimeter of the
overwintering island between the spring thaw and 14 May.
We assumed that turtles captured between these dates had
hibernated around the island. We calculated Np by taking the
difference between the last and first year an individual was
captured. This value was then corrected to account for the
number of years the overwintering site was not sampled in
the spring (2003 and 2017) or during which limited (<25 cap-
tures) sampling took place (2016: n = 8; 2019: n = 25). For
instance, if a turtle was captured for the first time in 2005
and for the last time in 2018, its Np would be 11. We divided
the data to form three fidelity horizons: short-term fidelity
(Np < 7), medium-term fidelity (Np = 7–11), and long-term fi-
delity (Np = 12–17). These horizons represent three approxi-
mately equal bins based on the temporal extent of our data.
We then tested the effects of the horizon and of sex on mean
fidelity using a two-way analysis of variance (ANOVA). To fur-
ther examine long-term site fidelity, we also determined the
proportion of turtles that were captured at least once at the
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Table 1. Results of logistic regression analysis with carapace length as the predictor and whether the shell was intact as the
response variable for 142 Northern Map Turtle (Graptemys geographica) carcasses collected in Opinicon Lake, ON, Canada.

Predictor Estimate (SE) χ2 df p R2

Intercept − 16.07 (2.83) 32.24 1 <0.0001

Carapace length (mm) 0.14 (0.02) 32.68 1 <0.0001

Overall model

Likelihood ratio test 61.22 1 <0.0001 0.31

Fig. 2. The relationship between carapace length and the probability of a dead turtle being recovered with an intact shell
based on carcass measurements from 142 depredated Northern Map Turtles (Graptemys geographica) recovered in April 2022 at
a communal overwintering site in Opinicon Lake, ON, Canada. Line shows logistic fit.

overwintering site in the first 4 years of the study (2004–2007)
as well as at least once in the last 4 years of the study (2019–
2022).

This research was approved by the Animal Care Commit-
tee at Carleton University (protocol No. 118468) and was
conducted under an Ontario Ministry of Natural Resources
wildlife scientific collector’s authorization (No. 1097538).

Results

Mass mortality event
Of the 142 carcasses recovered, 105 were males, 18 were

females, and we could not confidently determine the sex for
19 carcasses due to their small size or extensive damage. The
carcasses ranged in CL from 77 to 158 mm. In the 10 days
following the discovery of the carcasses, within 200 m of
where the carcasses were recovered, we captured 32 females,
35 males, and 6 individuals too small for the sex to be confi-
dently assigned. The turtles encountered alive ranged in CL
from 52 to 271 mm. Thirty-six percent (18/50) of females were
found dead, while 75% (105/140) of males and 76% (19/25)
of unsexed individuals were found dead. The proportion of
turtles found dead differed significantly between the three
groups (likelihood ratio test: χ2

[2] = 25.2, p < 0.0001). Males
were 5.3 times more likely (p < 0.0001) to be found dead

than females and unsexed turtles were 5.6 times more likely
(p = 0.0018) to be found dead than females. Males and un-
sexed individuals were as likely to be found dead as alive
(p = 0.91).

Seventy-nine carcasses had a broken shell. All turtles
with broken shells missed all their appendages and viscera.
Among the carcasses with intact shells, 70% were missing all
limbs, their tail, and head, while 30% still had their head, but
were missing their tail and limbs. Only one carcass was miss-
ing its hind limbs and tail. The logistic regression showed that
the probability of the shell being crushed decreased signifi-
cantly with CL (Table 1; Fig. 2). Each 1 mm increase in CL in-
creased the probability of the shell being intact by 15%. The
logistic model correctly classified 79% of the broken shell,
and 77% of the intact shells based on CL, using a probabil-
ity of 0.5 as the cut-off between the two states (broken or
unbroken).

In males (n = 152), CL was not a significant predictor of the
probability of being found alive or dead in the spring (like-
lihood ratio test: χ2

[1] = 0.94, p = 0.33; Fig. 3A). In females
(n = 63), however, the probability of being found alive in-
creased significantly with CL (Table 2; Fig. 3B). Over the en-
tire range of CL in the sample (52–271 mm), the odds ratio of
being found alive versus dead was 55. Each 1 mm increase in
CL increased the probability of a female being encountered
alive 1.8% . The logistic model correctly classified 67% of the
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Fig. 3. The relationship between carapace length and the probability of a (A) male or (B) female Northern Map Turtle (Graptemys
geographica) being encountered alive at a communal overwintering site in April 2022, in Opinicon Lake, ON, Canada. Lines show
logistic fit.

Table 2. Results of logistic regression analysis with carapace length as the predictor and whether a turtle was recov-
ered alive for 63 female Northern Map Turtles (Graptemys geographica) collected in Opinicon Lake , ON, Canada.

Predictor Estimate (SE) χ2 df p R2

Intercept − 2.01 (0.86) 5.52 1 0.018

Carapace length (mm) 0.018 (0.007) 6.89 1 0.009

Overall model

Likelihood ratio test 10.00 1 0.002 0.12

dead females, and 54% of the live females based on CL, using
a probability of 0.5 as the cut-off between the two states (dead
or alive). The largest female found dead had a CL of 158 mm.
Forty percent of the females found alive had a CL >158 mm.

Overwintering site fidelity
Between 2003 and 2022, we individually marked 1875

northern map turtles in Opinicon Lake and 1108 (59%) were
captured at least once in the vicinity of the communal over-
wintering site before 14 May and are thus assumed to have
overwintered there. Of those, 612 turtles were females, 471
were males, and 25 were too small for sex to be deter-
mined based on external characteristics. We used data from
662 turtles that were captured at least once at the overwin-
tering site and at least on two different years to calculate
mean fidelity. Overall, fidelity ranged from 6% to 100% with

a mean of 38%. Site fidelity did not differ between males
and females (F[1,656] = 2.57; p = 0.11, R2 = 0.003) and there
were no interactions between fidelity horizon and sex (F[2.656]

= 0.31, p = 0.74, R2 = 0.0006). The fidelity horizon, how-
ever, had a significant effect on site fidelity (F[2,656] = 169.54,
p < 0.0001, R2 = 0.34). A post-hoc Tukey’s HSD test comparing
the means between fidelity horizons revealed that short-term
fidelity was significantly higher than both medium-term and
long-term fidelity, which did not differ from one another
(Fig. 4).

We captured 345 individuals (167 females, 176 males, and
2 individuals too small for sex to be determined based on ex-
ternal characteristics) at the overwinter site before 14 May
between 2004 and 2007, 120 of which were known to be alive
between 2019 and 2022. Of these 120 turtles, 104 (87%) were
recaptured at least once at the overwintering site between
2019 and 2022.
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Fig. 4. Mean overwintering site fidelity of Northern Map Turtle (Graptemys geographica) from Opinicon Lake, ON, Canada based
on long-term (12–17 years), medium-term (7–11 years), and short-term (less than 7 years) fidelity horizons. Error bars show 95%
confidence interval. Similar letters indicate there are no differences in mean fidelity for the respective fidelity horizons based
on one-way analysis of variance, while differing letters indicate significant differences.

Discussion
The identity of the predators responsible for the mass mor-

tality event that we reported here is unknown, but only two
species in our study area are capable of preying upon tur-
tles overwintering under the ice: the American mink and the
river otter. The river otter has been documented to cause
mass mortality events in turtles, including during winter
(Brooks et al. 1991; Stacy et al. 2014), but we are not aware
of mass mortality event caused by the American mink. Adult
female Northern Map Turtles at our study site can reach 298
mm in CL, yet only turtles under 158 mm were preyed upon
and only the smallest turtles were crushed. Large females
were most likely available to the predators because North-
ern Map Turtles overwinter in dense groups of individuals of
various sizes at our study site (see below). The river otter is
certainly capable of preying on turtles as large or larger than
adult female Northern Map Turtles (Brooks et al. 1991; Stacy
et al. 2014). The American mink is about eight times lighter
than the river otter, and its estimated bite force is 3.8–4.5
times weaker (Christiansen and Wroe 2007; Harstone-Rose et
al. 2019). The pattern in probability of predation in relation to
size may thus reflect prey size limitation by the smaller Amer-
ican mink, or size selectivity by the larger river otter. The fact
that many shells were crushed suggests, however, that otters
were responsible for the mass mortality event. Magwene and
Socha (2013) measured the load required to break the shell of
red-eared sliders similar in size to Northern Map Turtles. The
point load (mimicking a pressure from a tooth) required to
break the smallest shells was approximately 400 N. The max-
imum estimated bite force of American mink is 58 N com-
pared to 220 N for river otter (Chirstiansen and Wroe 2007).
The estimated bite force of the river otter is thus much closer
to the breaking point of turtle shells under a point load than
that of the American mink.

If otters are indeed responsible for the mass mortality
event, they appear to have discriminated against larger tur-
tles that happen to be adult females due to the extreme
sexual size dimorphism in this species. Size selectivity may
be related to the handling cost of turtles of different sizes.
Small turtles can be crushed, while larger turtles must be
dismembered as indicated by the significant relationship be-
tween CL and the probability of being crushed. Larger tur-
tles, such as adult females, are presumably harder to han-
dle and dismember than smaller ones. Thus, when turtles of
all sizes are available, otters may favour smaller ones. Tar-
geting smaller turtles would increase foraging efficiency as
less time would be spent handling and dismembering turtles.
This may be important if overwintering turtles can respond
to the presence of a predator. Albeit slow, Northern Map Tur-
tles remain active under the ice in winter (Robichaud et al.
2023), so it may be possible for turtles to move away when
a predator is detected. If this is indeed the case, reducing
prey handling time would allow otters to make more dives be-
fore turtles in an area move to another area less accessible to
otters.

The mass mortality event we documented here affected
9.4% of the estimated population of Northern Map Turtles
in Opinicon Lake (Bulté et al. 2010). The overwintering be-
haviour and physiology of Northern Map Turtles appear to
predispose them to mass mortality events. Communal over-
wintering is common in freshwater turtles in cold climates
(Litzgus et al. 1999; Graham et al. 2000; Galois et al. 2002;
Newton and Herman 2009; Pittman and Dorcas 2009), but
Northern Map Turtles appear to form much larger over-
wintering aggregations than other turtles studied to date.
Graham and Graham (1992) observed over 100 Northern Map
Turtles overwintering at one location in the Lamoille River in
Vermont, USA. In Opinicon Lake, the maximum number of
Northern Map Turtles captured at the overwintering site in
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one spring was 249, which represents 17% of the estimated
population size (Bulté et al. 2010). Overwintering site fidelity
of Northern Map Turtles in Opinicon Lake was relatively high,
even in our longest term horizon (12–17 years), with the av-
erage turtle being detected at the overwintering site nearly
once every 4 years (22% of the years). Our measure of over-
wintering site fidelity is certainly an underestimation given
that we cannot capture all the turtles at the overwintering
site every year. Some turtles disperse from the overwinter-
ing site within days of the spring thaw (G. Bulté, pers. obs.)
and are thus not captured every year. In some years, sam-
pling started 3–4 weeks after the spring thaw and thus after
many individuals had already dispersed from the overwinter-
ing site. The observation that 86% of the turtles captured at
the overwintering site between 2004 and 2007 and that were
known to be alive between 2019 and 2022 were recaptured at
the same overwintering site during that latter period demon-
strates that many turtles in a population are faithful to their
overwintering sites for more than a decade.

Physiological constraints and predation risk may be the
main factors dictating where Northern Map Turtles can
safely overwinter, and thus the reasons for their gregari-
ous and faithful overwintering habits. Northern Map Tur-
tles are anoxia intolerant, so they must seek overwintering
sites with enough dissolved oxygen to sustain their aerobic
metabolism over the winter (Reese et al. 2001). Such sites may
be especially limited in lakes that are more likely to expe-
rience hypoxia and anoxia during winter than running wa-
ters. Northern Map Turtles seemingly meet their oxygen de-
mand through cutaneous respiration in winter (Maginniss et
al. 2004), so they must remain fully exposed to allow the flow
of water over their skin (Crocker et al. 2000; Robichaud et
al. 2023). Moreover, at least in Opinicon Lake, Northern Map
Turtles overwinter in shallow areas close to shore where the
water is coldest, presumably to depress metabolism and min-
imize oxygen demand (Robichaud et al. 2023). Finally, North-
ern Map Turtles can overwinter at high density with individ-
uals sometimes touching each other (Graham and Graham
1992; Robichaud et al. 2023). This behaviour may be a form
of selfish herd to minimize individual predation risk. But re-
gardless of why they aggregate, the high density of exposed
turtles in shallow areas close to shore predisposes overwinter-
ing Northern Map Turtles to mass predation events in winter.

Suitable overwintering sites appear limited, at least at out
study site. In a radio-telemetry study of 53 Northern Map
Turtles conducted between 2004 and 2007 in Opinicon Lake,
Bulté et al. (2008) located only one other overwintering site,
but that additional site was in a neighbouring lake. A sin-
gle adult female travelled on land in fall to reach that lake
and returned to Opinicon Lake in spring. More recently, Feng
et al. (2019) used eDNA and remotely operated vehicle sur-
veys to locate overwintering sites and were able to confirm
only one additional overwintering site in Opinicon Lake, but
only a single turtle was observed under the ice at that site.
Thus, after nearly 20 years of studying this population with
various techniques, we have located only one additional over-
wintering site in Opinicon Lake, and this site appears to be
attended by very few turtles. Other overwintering sites may
exist in Lake Opinicon, but they are certainly not used by as

many turtles as the focal site of this study. The fact that over-
wintering Northern Map Turtles aggregate in other areas (re-
viewed by Vogt et al. 2018) suggests that suitable overwinter-
ing sites are generally uncommon. Identifying and protecting
such sites from human encroachments may thus be essential
for the local persistence of Northern Map Turtle populations.

The mortality documented here, combined with knowl-
edge of overwintering behaviour (e.g., aggregation and fi-
delity) and physiology, shows that populations of Northern
Map Turtles are predisposed to mass mortality events and
vulnerable to fidelity-induced ecological traps. Human activi-
ties reducing oxygen availability or increasing predation risk
by interfering with ice formation are particularly concern-
ing for overwintering turtles. De-icing propellers (a.k.a. bub-
blers) may be problematic in some areas. These devices are
used to agitate the surface of the water to prevent ice forma-
tion around docks and boathouses and can thus create en-
try points for otters and minks in the winter. De-icing pro-
pellers are now common in Opinicon Lake (21 were observed
in winter 2021–2022) and in neighbouring lakes, and may
turn some overwintering sites into ecological traps by pro-
viding entry points for predators. Studies examining the ef-
fects of de-icing propellers (or other activities or habitat alter-
ations that may alter predator access) on winter foraging by
minks and otters will offer important insights into their po-
tential effects on overwintering turtles. Changes in ice phe-
nology due to global warming (Huang et al. 2022) may also
increase predation risk at communal overwintering sites.
While little can be done locally to prevent climate change
from happening, identifying and protecting as many com-
munal overwintering sites as possible will help populations
persist.

Acknowledgements
We thank the staff of the Queen’s University Biology Station
as well as S. Dollin for assisting with data collection. This
study was funded by the Natural Sciences and Engineering
Research Council of Canada, Parks Canada, Carleton Univer-
sity, and University of Ottawa through grants to GBD, GB, SJC,
and JAR.

Article information

History dates
Received: 4 July 2023
Accepted: 15 August 2023
Version of record online: 30 October 2023

Copyright
© 2023 The Author(s). Permission for reuse (free in most
cases) can be obtained from copyright.com.

Data availability
The data are not publicly available but can be
shared upon request by contacting Grégory Bulté at
gregory.bulte@carleton.ca.

C
an

. J
. Z

oo
l. 

D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
99

.2
55

.1
96

.2
14

 o
n 

02
/2

0/
24

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 

http://dx.doi.org/10.1139/cjz-2023-0127
https://marketplace.copyright.com/rs-ui-web/mp
mailto:gregory.bulte@carleton.ca


Canadian Science Publishing

Can. J. Zool. 102: 166–174 (2024) | dx.doi.org/10.1139/cjz-2023-0127 173

Author information

Author ORCIDs
Grégory Bulté https://orcid.org/0000-0002-7066-3526
Jessica A. Robichaud https://orcid.org/0000-0002-9721-6873

Author contributions
Conceptualization: GB, JAR, SJC, GB
Data curation: GB, EJS
Formal analysis: GB, JAR, EJS
Funding acquisition: GB, GB
Investigation: GB
Methodology: GB
Project administration: GB
Writing – original draft: GB, JAR, SJC, GB
Writing – review & editing: GB, JAR, EJS, SJC, GB

Competing interests
The authors do not have any competing interests.

References
Ameca, Y., Juárez, E.I., Mace, G.M., Cowlishaw, G., and Pettorelli, N. 2012.

Natural population die-offs: causes and consequences for terrestrial
mammals, Trends Ecol. Evol. 27(5): 272–277. doi:10.1016/j.tree.2011.
11.005.

Battin, J. 2004. When good animals love bad habitats: ecological traps and
the conservation of animal populations. Conserv. Biol. 18(6): 1482–
1149. doi:10.1111/j.1523-1739.2004.00417.x.

Brooks, R.J., Brown, G.P., and Galbraith, D.A. 1991. Effects of a sudden in-
crease in natural mortality of adults on a population of the common
snapping turtle (Chelydra serpentina). Can. J. Zool. 69(5): 1314–1320.
doi:10.1139/z91-185.

Brown, B.P., and Brooks, R.J. 1994. Characteristics of and fidelity to hi-
bernacula in a northern population of snapping turtles, Chelydra ser-
pentina. Copeia, 1994(1): 222–226. doi:10.2307/1446689.

Bulté, G., Gravel, M.A., and Blouin-Demers, G. 2008. Intersexual niche di-
vergence in northern map turtles (Graptemys geographica): the roles
of diet and habitat use. Can. J. Zool. 86: 1235–1243. doi:10.1111/j.
1365-2435.2008.01422.x.

Bulté, G., Carrière, M.A., and Blouin-Demers, G. 2010. The impact of recre-
ational power boating on two populations of northern map turtles
(Graptemys geographica). Aquat. Conserv. 20(1): 31–38. doi:10.1002/aqc.
1063.

Catrysse, J., Emily, S., Choquette, J., Leifso, A.E., and Davy, C.M. 2015. Mass
mortality of Northern Map Turtles (Graptemys geographica). Can. Field
Nat. 129(1): 80–83. doi:10.22621/cfn.v129i1.1671.

Christiansen, P., and Wroe, S. 2007. Bite force and evolutionary adap-
tations to feeding ecology in carnivores. Ecology, 88(2): 347–358.
doi:10.1890/0012- 9658(2007)88[347:BFAEAT]2.0.CO;2.

Congdon, J.D., Dunham, A.E., and Van Loben Sels, R.C. 1993. Delayed
sexual maturity and demographics of Blanding’s turtles (Emydoidea
blandingii): implications for conservation and management of long-
lived organisms. Conserv. Biol. 7(4): 826–833.

Congdon, J.D., Dunham, A.E., and Van Loben Sels, R.C. 1994. Demograph-
ics of common snapping turtles (Chelydra serpentina): implications for
conservation and management of long-lived organisms. Am. Zool.
34(3): 397–408. doi:10.1093/icb/34.3.397.

Crocker, C.E., Graham, T.E., Ultsch, G.R., and Jackson, D.C. 2000. Physiol-
ogy of common map turtles (Graptemys geographica) hibernating in the
Lamoille river, Vermont. J. Exp. Zool. 286(2): 143–148. doi:10.1002/
(SICI)1097 010X(20000201)286:2〈143::AID-JEZ6〉3.0.CO;2-1.

Ekroos, J., Öst, M., Karell, P., Jaatinen, K., and Kilpi, K. 2012.
Philopatric predisposition to predation-induced ecological traps:
habitat-dependent mortality of breeding eiders. Oecologia, 170(4):
979–986. doi:10.1007/s00442-012-2378-9.

Feng, W., Bulté, G., and Lougheed, S.C. 2019. Environmental DNA sur-
veys help to identify winter hibernacula of a temperature freshwater
turtle. Environ. DNA, 2(2): 200–209. doi:10.1002/edn3.58.

Festa-Bianchet, M., Coulson, T., Gaillard, J.M., Hogg, J.T., and Pelletier,
F. 2006. Stochastic predation events and population persistence in
bighorn sheep. Proc. Biol. Sci. 273(1593): 1537–1543. doi:10.1098/
rspb.2006.3467.

Fey, S., Siepielski, A., Nusslé, S., Cervantes-Yoshida, K., Hwan, J., Huber,
E., et al. 2015. Recent shifts in the occurrence, cause, and magnitude
of animal mass mortality events. Proc. Natl. Acad. Sci. U.S.A. 112(4):
1083–1088. doi:10.1073/pnas.1414894112.

Galois, P., Léveillé, M., Bouthillier, L., Daigle, C., and Parren, S.
2002. Movement patterns, activity, and home range of the East-
ern Spiny Softshell Turtle (Apalone spinifera) in Northern Lake Cham-
plain, Québec, Vermont. J. Herpetol. 36(3): 402–411. doi:10.1670/
0022-1511(2002)036[0402:MPAAHR]2.0.CO;2.

Gasbarrini, D.M.L., Lesbarrères, D., Sheppard, A., and Litzgus, J.a. 2021.
An enigmatic mass mortality event of Blanding’s Turtles (Emydoidea
blandingii) in a protected area. Can. J. Zool. 99(6): 470–479. doi:10.
1139/cjz-2020-0204.

Graham, T.E., and Graham, A.A. 1992. Metabolism and behaviour of win-
tering Common Map Turtles, Graptemys geographica, in Vermont. Can.
Field Nat. 106(4): 517–519.

Graham, T.E., Graham, C.B., Crocker, C.E., and Ultsch, G.R. 2000. Disper-
sal from and fidelity to a hibernaculum in a northern Vermont popu-
lation of Common Map Turtles, Graptemys geographica. Can. Field. Nat.
114(3): 405–408.

Hale, R., and Swearer, S.E. 2016. Ecological traps: current evidence and
future directions. Proc R. Soc. B, 283(1824): 20152647. doi:10.1098/
rspb.2015.2647.

Hartstone-Rose, A., Hertzig, I., and Dickinson, E. 2019. Bite force and
masticatory muscle architecture adaptations in the dietarily diverse
musteloidea (Carnivora). Anat. Rec. 302(12): 2287–2299. doi:10.1002/
ar.24233.

Huang, L., Timmermann, A., Lee, S.S., Rodgers, K.B., Yamaguchi, R.,
and Chung, E.S. 2022. Emerging unprecedented lake ice loss in cli-
mate change projections. Nat. Commun. 13(1): 5798. doi:10.1038/
s41467-022-33495-3.

Keevil, M.G., Brooks, R.J., and Litzgus, J.D. 2018. Post-catastrophe patterns
of abundance and survival reveal no evidence of population recov-
ery in a long-lived animal. Ecosphere, 9(9): e02396. doi:10.1002/ecs2.
2396.

Kokko, H., and Sutherland, W.J. 2001. Ecological traps in changing
environments: ecological and evolutionary consequences of a be-
haviourally mediated Allee effect. Evol. Ecol. Res. 3(5): 537–551.

La, V.T., and Cooke, S. 2011. Advancing the science and practice of fish
kill investigations. Rev. Fish. Sci. 19(1): 21–33. doi:10.1080/10641262.
2010.531793.

Lande, R. 1993. Risks of population extinction from demographic and en-
vironmental stochasticity and random catastrophes. Am. Nat. 142(6):
911–927. doi:10.1086/285580

Lanszki, J., Molnár, M., and Molnár, T. 2006. Factors affecting the preda-
tion of otter (Lutra lutra) on European pond turtle (Emys orbicularis). J.
Zool. 270(2): 219–226. doi:10.1111/j.1469-7998.2006.00132.x.

Litzgus, J.D., Costanzo, J.P., Brooks, R.J., and Lee, R.E. 1999. Phenol-
ogy and ecology of hibernation in spotted turtles (Clemmys guttata)
near the northern limit of their range. Can. J. Zool. 77(9): 1348–1357.
doi: 10.1139/cjz-77-9-1348.

Maginniss, L.A., Ekelund, S.A., and Ultsch, G.R. 2004. Blood oxygen trans-
port in common map turtles during simulated hibernation. Physiol.
Biochem. Zool. 77(2): 232–241. doi:10.1086/381473.

Magwene, P., and Socha, J. 2013. Biomechanics of turtle shells: how whole
shells fail in compression. J. Exp. Zool. A Ecol. Genet. Physiol. 319(2):
86–98. doi:10.1002/jez.1773.

Merkle, J., Abrahms, B., Armstrong, J., Sawyer, H., Costa, D., and Chal-
foun, A. 2022. Site fidelity as a maladaptive behavior in the Anthro-
pocene. Front. Ecol. Environ. 20(3): 187–194. doi:10.1002/fee.2456.

Newton, E.J., and Herman, T.B. 2009. Habitat, movements, and behaviour
of overwintering Blanding’s turtles (Emydoidea blandingii) in Nova Sco-
tia. Can. J. Zool. 87(4): 299–309. doi:10.1139/Z09-014.

Pittman, S., and Dorcas, M. 2009. Movements, habitat use, and thermal
ecology of an isolated population of bog turtles (Glyptemys muhlen-
bergii). Copeia, 2009(4): 781 790. doi:10.1643/CE-08-140.

C
an

. J
. Z

oo
l. 

D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
99

.2
55

.1
96

.2
14

 o
n 

02
/2

0/
24

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 

http://dx.doi.org/10.1139/cjz-2023-0127
https://orcid.org/0000-0002-7066-3526
https://orcid.org/0000-0002-9721-6873
http://dx.doi.org/10.1016/j.tree.2011.11.005
http://dx.doi.org/10.1111/j.1523-1739.2004.00417.x
http://dx.doi.org/10.1139/z91-185
http://dx.doi.org/10.2307/1446689
http://dx.doi.org/10.1111/j.1365-2435.2008.01422.x
http://dx.doi.org/10.1002/aqc.1063
http://dx.doi.org/10.22621/cfn.v129i1.1671
http://dx.doi.org/10.1890/0012- \ignorespaces 9658(2007)88[347:BFAEAT]2.0.CO;2
http://dx.doi.org/10.1093/icb/34.3.397
http://dx.doi.org/10.1002/(SICI)1097 \ignorespaces 010X(20000201)286:2<143::AID-JEZ6>3.0.CO;2-1
http://dx.doi.org/10.1007/s00442-012-2378-9
http://dx.doi.org/10.1002/edn3.58
http://dx.doi.org/10.1098/rspb.2006.3467
http://dx.doi.org/10.1073/pnas.1414894112
http://dx.doi.org/10.1670/0022-1511(2002)036[0402:MPAAHR]2.0.CO;2
http://dx.doi.org/10.1139/cjz-2020-0204
http://dx.doi.org/10.1098/rspb.2015.2647
http://dx.doi.org/10.1002/ar.24233
http://dx.doi.org/10.1038/s41467-022-33495-3
http://dx.doi.org/10.1002/ecs2.2396
http://dx.doi.org/10.1080/10641262.2010.531793
http://dx.doi.org/10.1086/285580
http://dx.doi.org/10.1111/j.1469-7998.2006.00132.x
http://dx.doi.org/10.1139/cjz-77-9-1348
http://dx.doi.org/10.1086/381473
http://dx.doi.org/10.1002/jez.1773
http://dx.doi.org/10.1002/fee.2456
http://dx.doi.org/10.1139/Z09-014
http://dx.doi.org/10.1643/CE-08-140


Canadian Science Publishing

174 Can. J. Zool. 102: 166–174 (2024) | dx.doi.org/10.1139/cjz-2023-0127

Reed, D.H., O’Grady, J.J., Ballou, J., and Frankham, R. 2003. The frequency
and severity of catastrophic die-offs in vertebrates. Anim. Conserv.
6(2): 109–114. doi:10.1017/S1367943003147.

Reese, S.A., Crocker, C.E., Carwile, M.E., Jackson, D.C., and Ultsch, G.R.
2001. The physiology of hibernation in common map turtles (Grapte-
mys geographica). Comp. Biochem. Phys. A Mol. Integr. Physiol. 130(2):
331–34.0. doi:10.1016/S1095-6433(01)00398-1.

Robichaud, J.A., Bulté, G., MacMillan, H.A., and Cooke, S.J. 2023. Five
months under ice: biologging reveals behaviour patterns of overwin-
tering freshwater turtles. Can. J. Zool. 101(3): 152–162. doi:10.1139/
cjz-2022-0100.

Sih, A., Trimmer, P.C., and Ehlman, S.M. 2016. A conceptual framework
for understanding behavioral responses to HIREC. Curr. Opin. Behav.
Sci. 12(1): 109–114. doi:10.1016/j.cobeha.2016.09.014.

Stacy, B.A., Wolf, D.A., and Wellehan, J.F.X. 2014. Large-scale predation by
River Otters (Lontra canadensis) on Florida Cooter (Pseudemys floridana)
and Florida Softshell Turtles (Apalone ferox). J.Wildl. Dis. 50(4): 906–
910. doi:10.7589/2013-10-271.

Stanford, C.B., Iverson, J.B., Rhodin, A.G.J., Paul van Dijk, P., Mittermeier,
R.A., Kuchling, G., et al. 2020. Turtles and tortoises are in trouble.
Curr. Biol. 30(12): R721–R735. doi:10.1016/j.cub.2020.04.088.

Switzer, P.V. 1993. Site fidelity in predictable and unpredictable habitats.
Evol. Ecol. 7(6): 533–555. doi:10.1007/BF01237820.

Ultsch, G.R., Graham, T.E., and Crocker, C.E. 2000. An aggregation of
overwintering leopard frogs, Rana pipiens, and common map turtles,
Graptemys geographica in northern Vermont. Can. Field. Nat. 114(2):
314–315.

Vogt, R.C., Bulté, G., and Iverson, J.B. 2018. Graptemys geograph-
ica (LeSueur, 1817) Northern Map Turtle, Common Map Tur-
tle. In Conservation biology of freshwater turtles and tor-
toises: a compilation project of the IUCN/SSC Tortoise and
Freshwater Turtle Specialist Group. Vol. 5(11). Edited by
A.G.J. Rhodin, J.B. Iverson, P.P. van Dijk, K.A. Buhlmann,
P.C.H. Pritchard and R.A. Mittermeier. Chelonian Research
Monographs. pp. 104.1–10418. doi:10.3854/crm.5.104.geographica.
v1.2018; iucntftsg.org/cbftt/.

Williams, T.M., Estes, J.A., Doak, D.F., and Springer, A.M. 2004. Killer ap-
petites: assessing the role of predators in ecological communities.
Ecology, 85(12): 3373–3384. doi:10.1890/03-0696.

Young, T.P. 1994. Natural die-offs of large mammals: implications for con-
servation. Conserv. Biol. 8(2): 410–418. doi:10.1046/j.1523-1739.1994.
08020410.x.

C
an

. J
. Z

oo
l. 

D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
99

.2
55

.1
96

.2
14

 o
n 

02
/2

0/
24

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 

http://dx.doi.org/10.1139/cjz-2023-0127
http://dx.doi.org/10.1017/S1367943003147
http://dx.doi.org/10.1016/S1095-6433(01)00398-1
http://dx.doi.org/10.1139/cjz-2022-0100
http://dx.doi.org/10.1016/j.cobeha.2016.09.014
http://dx.doi.org/10.7589/2013-10-271
http://dx.doi.org/10.1016/j.cub.2020.04.088
http://dx.doi.org/10.1007/BF01237820
http://dx.doi.org/10.3854/crm.5.104.geographica.v1.2018; \ignorespaces iucntftsg.org/cbftt/
http://dx.doi.org/10.1890/03-0696
http://dx.doi.org/10.1046/j.1523-1739.1994.08020410.x


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 225
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 225
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


