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Abstract

Eastern Musk Turtle (Sternotherus odoratus) is known to be a highly aquatic species, yet it is occasionally found away from
waterbodies. If such movements are common, then road mortality may pose a substantial risk to the species. We examined
iNaturalist Canada observations of Eastern Musk Turtle on roads and found 15 in which individuals were >25 m from water.
The median distance to the nearest permanent waterbody was 100 m (range 30-330 m). All observations that were >100 m
from the nearest waterbody occurred from mid-July onward, suggesting that the movements were not related to nesting activ-
ity. At least under some circumstances, Eastern Musk Turtle can move >100 m away from waterbodies increasing the risk

of road mortality.
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Introduction

Eastern Musk Turtle (Sternotherus odoratus)
is the widest ranging member of the turtle family
Kinosternidae and is native to eastern North Amer-
ica (Ernst and Lovich 2009). It is rarely found far
from water, and home ranges are often confined to a
single waterbody (Ernst and Lovich 2009; Wilhelm
and Plummer 2012). The use of multiple waterbod-
ies has been reported, but they are often wet mead-
ows or streams adjacent to a main waterbody (Ernst
1986; Rowe et al. 2009). Aquatic movements can
exceed 1.5 km along waterways (Laverty et al. 2016)
but terrestrial movements away from water appear to
be uncommon. During one study, none of the radio-
tracked musk turtles were found on land (Wilhelm
and Plummer 2012). The sporadic drying of rela-
tively permanent wetlands can cause turtles to move
to other wetlands; however, Eastern Musk Turtle is
more likely to remain in drying wetlands than many
other turtle species (Gibbons ef al. 1983), and the
maximum observed terrestrial movement from a sea-
sonal wetland is only 48.7 m (Buhlman and Gibbons
2001). Nesting is usually within 20 m of water (Cagle
1937; Ernst 1986; Edmonds 1998) with a maximum
reported distance of 45 m inland (Ernst and Lovich
2009).

Eastern Musk Turtle experiences a higher evapo-
rative water loss rate compared with many other turtle

species (Ernst 1968; Murphy et al. 2016), and this
likely explains at least part of the lack of terrestrial
movements. Despite its highly aquatic nature, Eastern
Musk Turtle is occasionally found away from water.
For example, we found a dead adult Eastern Musk
Turtle on a road in eastern Ontario that was 280 m
away from aquatic habitat (Seburn and Burns 2021).
Another adult Eastern Musk Turtle “was found abroad
in a hardwood forest about 396 m from the nearest
known body of water” in North Carolina (Palmer
and Braswell 1995: 88). Clearly, Eastern Musk Tur-
tle can make substantial movements away from water,
at least under some circumstances. It remains unclear
how often and how far individuals move away from
aquatic habitat.

If Eastern Musk Turtle movements away from
aquatic habitat are not rare, then this species may
be more at risk from road mortality than is generally
believed. Given that Eastern Musk Turtle is a species-
at-risk in Canada (SARA Registry 2021), it is impor-
tant to assess potential threats to it. Although road
mortality has been identified as a threat, it was not
quantified (COSEWIC 2012). A number of research-
ers have reported road mortality of Eastern Musk Tur-
tle in Canada (Garrah e al. 2015; Choquette and Val-
liant 2016; Carstairs et al. 2018) and in the United
States (Smith and Dodd 2003; Aresco 2005; Palis
2021), but typically in low numbers. If terrestrial
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movements are uncommon or of short duration, then
they may be difficult to detect through radio-tracking
studies, but may be more apparent through opportu-
nistic observations of them found on roads.

To help quantify terrestrial movements in Eastern
Musk Turtle, we examined observations from iNat-
uralist Canada, a community science, or citizen sci-
ence, platform to record native and exotic species in
Canada that includes over nine million observations
of more than 34 000 species observed by more than
170 000 people (iNaturalist Canada 2022a). It con-
tains more than 400 observations of Eastern Musk
Turtle in Canada with an accompanying photo that
has been identified by at least two people (termed
“research grade”). Data from iNaturalist have been
used to address a variety of spatial questions in ecol-
ogy, including patterns in urban biodiversity (Cal-
laghan et al. 2020) and the distribution of exotic
species (Werenkraut et al. 2020; Mo and Mo 2022).
Using data from iNaturalist Canada is an easy way to
assess terrestrial movement over a large area by look-
ing at observations of Eastern Musk Turtle on roads.

Methods

We downloaded observations of Eastern Musk
Turtle to the end of September 2022 from the iNatu-
ralist project “Canadian Amphibians and Reptiles on
Roads”, which was created by the Canadian Herpeto-
logical Society. We used the roads project as an unam-
biguous way to obtain observations of the turtles on
land. We recognized that not all Eastern Musk Turtle
observations of individuals on roads would have been
added to this project, so we also reviewed all other
Canadian observations of this species and added rel-
evant ones to the project. Such additions were limited
to photos showing an Eastern Musk Turtle that had
been hit by a vehicle or observations with notes indi-
cating that the turtle was found on a road.

Given the perceived risk to Eastern Musk Turtle of
poaching (iNaturalist Canada 2022b), the locations of
observations are obscured on iNaturalist, with a ran-
dom location mapped within a cell of 0.2° x 0.2° or
roughly 20 km x 20 km at mid-latitudes (iNatural-
ist 2022). Thus, we obtained the private location of
all the observations from iNaturalist Canada. Obser-
vations lacking any spatial accuracy or with a spa-
tial accuracy >35 m were excluded from analyses, as
these points were often distant from roads making it
more difficult to estimate the actual location on the
road and hence an accurate distance to water. Obser-
vations with a spatial accuracy <35 m were all within
10 m of a road. We mapped all observations in QGIS
3.4 (QGIS Development Team 2022) and selected
those that were at least 25 m from water and deter-
mined the straight-line distance to the nearest lake,
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river, or permanent wetland. Observations <25 m from
water were excluded as minor movements away from
waterbodies. Lakes, rivers, and streams were visible
on aerial imagery, while wetlands were mapped using
Ontario GeoHub’s wetland layer (Ontario GeoHub
2022). To ensure that our measurement was a con-
servative estimate of terrestrial movements, we mea-
sured the straight-line distance from the edge of the
nearest waterbody to the edge of the road nearest the
observation and rounded down to the nearest 10 m.
To consider the possibility that turtles were moving
from one waterbody to another, we also calculated the
distance to the next waterbody from the turtle in any
direction away from the nearest waterbody. We used
Google Street View (Google 2023) to assess habitat
adjacent to roads when there was the possibility of
a flooded, roadside ditch that could facilitate Eastern
Musk Turtle movement. We determined the amount
of precipitation over the previous five days at the
nearest weather station to each of the Eastern Musk
Turtle observations (Government of Canada 2023)
that were at least 100 m from the nearest waterbody.
We selected a window of five days as freshwater tur-
tles typically do not persist on the road for longer than
that (Santos et al. 2011).

Results

We found 82 observations of Eastern Musk Tur-
tle on roads. Most of these observations were within
25 m of water, had low spatial accuracy, or the pri-
vate coordinates were not available. This reduced the
dataset to 15 observations of Eastern Musk Turtle on
roads that were more than 25 m from any waterbody
(i.e., lake, permanent wetland, river) and had a high
degree of spatial accuracy (mean £+ SD, 13.7 + 9.7
m). Nine of the 15 (60%) observations were of dead
turtles. The 15 observations were widely distributed
across eastern and central Ontario, with one in south-
western Ontario (Figure 1). The observations were on
10 different roads, with up to four observations on one
road. The road with four observations was parallel to
a lake ~2 km in length with several bays that came
within 150 m of the road.

The sex and size of most turtles were not avail-
able, although all photos showed individuals that
were either large juveniles or adults. The turtles were
observed from 5 June to 9 August. The median dis-
tance from the nearest waterbody was 100 m (range
30-330 m). Eight of the 15 (53.3%) observations
were 100 m or more from the nearest waterbody and
occurred between 14 July and 9 August. The median
distance to the next waterbody for those eight obser-
vations was 315 m (range 100-1100 m).

For five of the eight observations >100 m from the
nearest waterbody, the line from the waterbody to the
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FiGURE 1. Locations of Eastern Musk Turtle (Sternotherus
odoratus) observed on roads from the iNaturalist Canada
project “Canadian Amphibian and Reptiles on Roads”. Only
observations that were >25 m from any water body and had
a high degree of spatial accuracy are mapped. A few over-
lapping points were shifted slightly to make them visible.

turtle was perpendicular to the road; thus, any move-
ment to the road would have been overland, not in
any roadside ditch (Table 1). Of the remaining three
observations, the turtle could have moved along a
roadside ditch for at least part of the distance from
the wetland for two of the observations. In the third
observation there was no roadside ditch present and
so the turtle likely moved along the road or the road
shoulder. The nearest waterbody to five of the obser-
vations was permanent (a lake or stream) and, hence,
these turtles likely did not move because the water-
body dried up.

Precipitation data were missing for one of the
eight observations, but all but one of the other seven
observations had precipitation during the five days
preceding the observations, suggesting that rain could
have triggered the terrestrial movement of the turtles.
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The average amount of precipitation was 1.5 cm
(range 0.4-2.9 cm). For the three turtles found alive
on roads, there was precipitation on two of those three
days. For the third turtle found alive there was no pre-
cipitation the day it was found on the road or on the
preceding five days.

Discussion

Data from iNaturalist yielded 15 observations of
Eastern Musk Turtle at distances >25 m from water-
bodies, with one turtle observed more than 300 m
from water. Our measurements of terrestrial move-
ment may underestimate actual movements as we
assumed the turtles came from the nearest water-
body to the road. This was likely true, but in a few
instances, the nearest waterbody, as determined by
Google imagery and the wetland layer, was a small
wetland with no open water habitat but a larger water-
body was farther away.

Movements away from water can occur among
adult females looking for places to lay their eggs.
Although documented Eastern Musk Turtle nests are
typically <45 m from water (Ernst and Lovich 2009),
it is possible that some females may move longer dis-
tances to nest. The fact that all of the longest terres-
trial movements were found from mid-July to August
suggests that they were not related to nesting, as nest-
ing by this species in northern areas is generally in
June or early July (Ernst 1986; Laverty 2010). For
five of the eight observations with the longest over-
land movements, the turtles were found dead, so it is
possible that they were killed by vehicles some time
before they were observed, although turtle carcasses
typically do not persist on roads for more than five
days (Santos et al. 2011), so it is unlikely these tur-
tles were seeking nesting sites. If these turtles were
not moving for nesting purposes, then their move-
ment between waterbodies may have been related to

TABLE 1. Habitat characteristics associated with Eastern Musk Turtle (Sternotherus odoratus) observations at least 100 m

from a waterbody.

Turtle no. Distance to water, m Type of waterbody Orientation* Roadside ditcht

1 100 Lake Perpendicular Present

2 100 Marsh Parallel Shallow and rocky
3 250 Swamp and creek Parallel Present

4 330 Marsh Perpendicular Present

5 100 Stream Parallel None

6 150 Lake Perpendicular Present

7 230 Lake Perpendicular Present

8 110 Lake Perpendicular Present

*Orientation of the water body relative to the location of the turtle on the road. Perpendicular: the shortest straight line from
the water body to the turtle is perpendicular to the road. Parallel: the turtle was found down the road from the water body.

+Assessed using Google Street View.
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dispersal or seasonal movements. The median dis-
tance to the next waterbody was over 300 m indicat-
ing that, if these movements were from one water-
body to another, then the turtles are moving hundreds
of metres overland.

Eastern Musk Turtle is known to make use of
flooded roadside ditches (Berry 1975), although it
is unclear how often this occurs. The eight turtles
observed >100 m from a waterbody were all found
in July or August, and it is unlikely that roadside
ditches were flooded at that time of year. The near-
est waterbody to five of these eight turtles was per-
manent (Table 1) suggesting that the turtles were not
forced to move because the water dried up. The turtles
may have moved overland in association with rainfall
events, as it rained before most of the observations
in which turtles had moved at least 100 m. Eastern
Musk Turtle is known to have a high rate of evapora-
tive water loss (Murphy et al. 2016), so it is not sur-
prising that terrestrial movements would be related to
rainfall.

It remains unclear how often Eastern Musk Turtle
moves >25 m away from waterbodies and the purpose
of these terrestrial movements. The fact that individu-
als were found on roads >25 m from water in various
parts of Ontario (Figure 1) suggests that such move-
ments are widespread, although not likely common.
Although the observations were widespread, some of
them were also clustered, which may suggest longer
terrestrial movements are correlated with certain hab-
itat configurations. It is also possible that clustered
points are an artifact of sampling biases in the iNat-
uralist data. Additional research on terrestrial move-
ments of Eastern Musk Turtle is warranted to better
understand the spatial ecology of this species and the
risks that road mortality and terrestrial habitat devel-
opment may pose.

Acknowledgements

We acknowledge the support of the Rogers Foun-
dation for funding our turtle conservation work. We
thank the hundreds of people who submitted obser-
vations of Eastern Musk Turtle to iNaturalist Canada.

Literature Cited

Aresco, M.J. 2005. The effect of sex-specific terrestrial
movements and roads on the sex ratio of freshwater tur-
tles. Biological Conservation 123: 37-44. https://doi.org/
10.1016/j.biocon.2004.10.006

Berry, J.F. 1975. The population effects of ecological sym-
patry on musk turtles in northern Florida. Copeia 1975:
692-701. https://doi.org/10.2307/1443321

Buhlmann, K.A., and J.W. Gibbons. 2001. Terrestrial hab-
itat use by aquatic turtles from a seasonally fluctuating
wetland: implications for wetland conservation bound-
aries. Chelonian Conservation and Biology 4: 115-127.

Callaghan, C.T., 1. Ozeroff, C. Hitchcock, and M. Chan-

THE CANADIAN FIELD-NATURALIST

Vol. 137

dler. 2020. Capitalizing on opportunistic citizen science
data to monitor urban biodiversity: a multi-taxa frame-
work. Biological Conservation 251: 108753. https://doi.
org/10.1016/j.biocon.2020.108753

Cagle, F.R. 1937. Egg laying habits of the slider turtle (Pseu-
demys troostii), the painted turtle (Chrysemys picta), and
the musk turtle (Sternotherus odoratus). Journal of the
Tennessee Academy of Science 12: 87-95.

Carstairs, S., M. Dupuis-Desormeaux, and C.M. Davy.
2018. Revisiting the hypothesis of sex-biased turtle
road mortality. Canadian Field-Naturalist 132: 289-295.
https://doi.org/10.22621/cfn.v132i3.1908

Choquette, J.D., and L. Valliant. 2016. Road mortality of
reptiles and other wildlife at the Ojibway Prairie Com-
plex and Greater Park Ecosystem in southern Ontario.
Canadian Field-Naturalist 130: 64—75. https://doi.org/10.
22621/cfn.v130i1.1804

COSEWIC (Committee on the Status of Endangered
Wildlife in Canada). 2012. COSEWIC assessment and
status report on the Eastern Musk Turtle Sternotherus od-
oratus in Canada. COSEWIC, Ottawa, Ontario, Canada.

Edmonds, J.H. 1998. Population ecology of the Stinkpot
Turtle (Sternotherus odoratus) in Georgian Bay, Ontario.
M.Sc. thesis, University of Guelph, Guelph, Ontario,
Canada. Accessed 11 November 2022. https://atrium.lib.
uoguelph.ca/server/api/core/bitstreams/al 7d8970-4014-
4003-86ef-395fdb8b16b6/content.

Ernst, C.H. 1968. Evaporative water-loss relationships of
turtles. Journal of Herpetology 2: 159-161. https://doi.
org/10.2307/1563117

Ernst, C.H. 1986. Ecology of the turtle, Sternotherus
odoratus, in southeastern Pennsylvania. Journal of Her-
petology 20: 341-352. https://doi.org/10.2307/1564501

Ernst, C.H., and J.E. Lovich. 2009. Turtles of the United
States and Canada. Second Edition. Johns Hopkins Uni-
versity Press, Baltimore, Maryland, USA.

Garrah, E., R.K. Danby, E. Eberhardt, G.M. Cunning-
ton, and S. Mitchell. 2015. Hot spots and hot times:
wildlife road mortality in a regional conservation cor-
ridor. Environmental Management 56: 874—889. https://
doi.org/10.1007/s00267-015-0566-1

Gibbons, J.W., J.L. Greene, and J.D. Congdon. 1983.
Drought-related responses of aquatic turtle populations.
Journal of Herpetology 17: 242-246. https://doi.org/10.
2307/1563826

Google. 2023. Google Street View. Accessed 24 March
2023. https://www.google.com/streetview/.

Government of Canada. 2023. Historical climate data.
Government of Canada, Ottawa, Ontario, Canada. Ac-
cessed 23 March 2023. https://climat.meteo.gc.ca/index_
e.html.

iNaturalist. 2022. Help. What is geoprivacy? iNaturalist,
USA. Accessed 8 November 2022. https://www.inatural
ist.org/pages/help#geoprivacy.

iNaturalist Canada. 2022a. iNaturalist observations. iNatu-
ralist, Canada. Accessed 9 December 2022. https://inatural
ist.ca/observations.

iNaturalist Canada. 2022b. Geoprivacy Canada. iNatural-
ist, Canada. Accessed 17 March, 2023. https://inaturalist.
ca/pages/geoprivacy-canada.

Laverty, J.F. 2010. Measuring the effects of water-based


https://doi.org/10.1016/j.biocon.2004.10.006
https://doi.org/10.1016/j.biocon.2004.10.006
https://doi.org/10.2307/1443321
https://doi.org/10.1016/j.biocon.2020.108753
https://doi.org/10.1016/j.biocon.2020.108753
https://doi.org/10.22621/cfn.v132i3.1908
https://doi.org/10.22621/cfn.v130i1.1804
https://doi.org/10.22621/cfn.v130i1.1804
https://doi.org/10.2307/1563117
https://doi.org/10.2307/1563117
https://doi.org/10.2307/1564501
https://doi.org/10.1007/s00267-015-0566-1
https://doi.org/10.1007/s00267-015-0566-1
https://doi.org/10.2307/1563826
https://doi.org/10.2307/1563826
https://www.google.com/streetview/
https://climat.meteo.gc.ca/index_e.html
https://climat.meteo.gc.ca/index_e.html
https://www.inaturalist.org/pages/help#geoprivacy
https://www.inaturalist.org/pages/help#geoprivacy
https://inaturalist.ca/observations
https://inaturalist.ca/observations
https://inaturalist.ca/pages/geoprivacy-canada
https://inaturalist.ca/pages/geoprivacy-canada

2023

recreation on turtle populations in an Ontario Park.
M.Sc. thesis, Laurentian University, Sudbury, Ontario,
Canada. Accessed 11 November 2022. https://central.
bac-lac.gc.ca/.item?id=MR70655.

Laverty, J.F., B. Korol, and J.D. Litzgus. 2016. Measuring
the effects of water-based recreation on the spatial ecol-
ogy of Eastern Musk Turtles (Sternotherus odoratus) in
a provincial park in Ontario, Canada. Copeia 104: 440—
447. https://doi.org/10.1643/ce-15-284

Mo, M., and E. Mo. 2022. Using the iNaturalist application
to identify reports of Green Iguanas (Iguana iguana) on
the mainland United States of America outside of pop-
ulations in Florida. Reptiles & Amphibians 29: 85-92.
https://doi.org/10.17161/randa.v29i1.16269

Murphy, C.M., T.D. Tuberville, J.C. Maerz, and K.M.
Andrews. 2016. Evaporative water loss rates of four
species of aquatic turtles from the Coastal Plain of the
southeastern United States. Journal of Herpetology 50:
457-463. https://doi.org/10.1670/15-124

Ontario GeoHub. 2022. Wetlands. Ontario Ministry of Nat-
ural Resources and Forestry, Toronto, Ontario, Canada.
Accessed 8 November 2022. https://geohub.lio.gov.on.ca
/datasets/mnrf::wetlands/explore?location=48.983102,
-84.498000,4.69.

Palmer, W.M., and A.L. Braswell. 1995. Reptiles of North
Carolina. University of North Carolina Press, Chapel
Hill, North Carolina, USA.

Palis, J.G. 2021. Mortality of turtles and snakes on rural
roads in southern Illinois. Transactions of the Illinois
State Academy of Science 114: 13-17.

QGIS Development Team. 2022. QGIS: a free and open
source geographic information system. Accessed 8 No-
vember 2022. http://www.qgis.org.

Rowe, J.W., G.C. Lehr, P.M. McCarthy, and P.M. Con-

BURNS AND SEBURN: TERRESTRIAL MOVEMENTS OF EASTERN MUSK TURTLE

253

verse. 2009. Activity, movements and activity area size
in stinkpot turtles (Sternotherus odoratus) in a south-
western Michigan lake. American Midland Naturalist
162:266-275. https://doi.org/10.1674/0003-0031-162.2.
266

Santos, S.M., F. Carvalho, and A. Mira. 2011. How long
do the dead survive on the road? Carcass persistence
probability and implications for road-kill monitoring sur-
veys. PLoS ONE 6: €25383. https://doi.org/10.1371/jour
nal.pone.0025383

SARA (Species at Risk Act) Registry. 2021. Species sum-
mary: Eastern Musk Turtle (Sternotherus odoratus). Gov-
ernment of Canada, Ottawa, Ontario, Canada. Accessed
1 March 2023. https://species-registry.canada.ca/index-
en.html#/species/706-74.

Seburn, D.C., and M. Burns. 2021. Overland movement
by an eastern musk turtle (Sternotherus odoratus). Her-
petology Notes 14: 775-776.

Smith, L.L., and C.K. Dodd. 2003. Wildlife mortality
on U.S. Highway 441 across Paynes Prairie, Alachua
County, Florida. Florida Scientist 66: 128—140.

Werenkraut, V., F. Baudino, and H.E. Roy. 2020. Cit-
izen science reveals the distribution of the invasive
Harlequin Ladybird (Harmonia axyridis Pallas) in Ar-
gentina. Biological Invasions 22: 2915-2921. https://doi.
org/10.1007/s10530-020-02312-7

Wilhelm, C.E., and M.V. Plummer. 2012. Diet of radio-
tracked Musk Turtles, Sternotherus odoratus, in a small
urban stream. Herpetological Conservation and Biology
7:258-264.

Received 13 December 2022
Accepted 5 January 2024
Associate Editor: W.D. Halliday


https://central.bac-lac.gc.ca/.item?id=MR70655
https://central.bac-lac.gc.ca/.item?id=MR70655
https://doi.org/10.1643/ce-15-284
https://doi.org/10.17161/randa.v29i1.16269
https://doi.org/10.1670/15-124
https://geohub.lio.gov.on.ca/datasets/mnrf::wetlands/explore?location=48.983102,-84.498000,4.69
https://geohub.lio.gov.on.ca/datasets/mnrf::wetlands/explore?location=48.983102,-84.498000,4.69
https://geohub.lio.gov.on.ca/datasets/mnrf::wetlands/explore?location=48.983102,-84.498000,4.69
http://www.qgis.org
https://doi.org/10.1674/0003-0031-162.2.266
https://doi.org/10.1674/0003-0031-162.2.266
https://doi.org/10.1371/journal.pone.0025383
https://doi.org/10.1371/journal.pone.0025383
https://species-registry.canada.ca/index-en.html#/species/706-74
https://species-registry.canada.ca/index-en.html#/species/706-74
https://doi.org/10.1007/s10530-020-02312-7
https://doi.org/10.1007/s10530-020-02312-7

	Assessing terrestrial movements of Eastern Musk Turtle (Sternotherus odoratus) using iNaturalist Canada
	Introduction
	Methods
	Results
	Discussion
	Acknowledgements
	Literature Cited


