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 Abstract:	Road	mortality	is	currently	one	of	the	biggest	threats	to	
freshwater	turtle	populations.	Female	turtles	cross	roads	more	
frequently	than	male	turtles	in	order	to	nest,	meaning	they	are	more	
prone	to	road	mortality.	Ramsey	County	is	a	particularly	useful	place	to	
study	road-induced	turtle	mortality	due	to	its	diverse	landscape	with	a	
variety	of	traffic	volumes,	road	densities,	and	wetland	areas.	Our	goal	
was	to	determine	the	extent	to	which	the	sex	ratio	of	Ramsey	County	
painted	turtle	populations	can	be	explained	by	the	traffic	volume	of	
nearby	roads.	We	also	asked	if	these	relationships	differed	with	age	and	
distance	from	habitat	to	the	nearest	road.	We	placed	hoop	traps	in	six	
wetlands,	and	sampled	turtle	populations	from	mid-May	through	early	
August.	Wetlands	near	higher	traffic	volume	roads	were	more	likely	to	
have	a	male-biased	sex	ratio.	Female	turtles	were	found	across	a	greater	
range	of	wetlands	near	roads	with	higher	traffic	volumes	and	across	a	
larger	range	of	distance	to	nearby	habitats.	Additionally,	sex	ratios	
varied	greatly	between	different	ages,	with	most	captured	adults	being	
female	and	most	juveniles	being	male.	None	of	these	results	were	
statistically	significant,	however.	Future	work	should	continue	to	
investigate	the	relationship	between	sex	ratios	and	traffic	volume,	as	
well	as	the	sex	ratios	within	age	structures	of	populations.	In	order	to	
obtain	an	adequate	sample	size,	future	research	should	have	multiple	
trapping	seasons.	

Introduction	

One	of	the	most	significant	threats	to	
turtle	populations	in	Minnesota,	and	globally,	
is	road	mortality	(Gibbs	and	Shriver,	2002).	
Turtles	often	cross	roads	as	a	part	of	seasonal	
migration,	or	to	find	nesting	sites	(Arseco	
2005a;	Arseco	2005b).	Female	turtles	travel	
greater	distances	and	are	more	likely	to	cross	

roads	than	male	turtles;	as	a	result,	females	
are	more	prone	to	road	mortality	(Steen	&	
Gibbs,	2004;	Steen,	2006).	Gibbs	and	Steen	
looked	at	trends	in	sex	ratios	of	aquatic	and	
terrestrial	turtle	species	from	1928-2003,	
and	found	that	sex	ratios	(the	proportion	of	
male	to	female	turtles	in	a	population)	are	
more	male	biased	in	areas	with	higher	road	
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densities	(2005).	The	same	study	found	that	
aquatic	turtle	species	were	more	prone	to	
male	biased	populations,	because	movement	
differentials	between	males	and	females	are	
higher	than	in	terrestrial	turtle	species.	
Turtles	are	key	members	of	the	ecosystems	
they	live	in	as	they	play	crucial	roles	in	
trophic	structures,	mineral	cycling,	seed	
dispersal,	and	soil	dynamics	(Lovich,	2018).	
While	previous	work	has	assessed	the	
relationship	between	road	density	and	sex	
ratios,	few	authors	have	assessed	the	
relationship	among	traffic	volume,	distance	
to	nearby	roads	and	sex	ratio	of	turtle	
populations.	Additionally,	limited	research	on	
sex	ratios	in	turtle	populations,	specifically	in	
relation	to	road	mortality,	has	been	
conducted	in	Ramsey	County.			

In	this	study,	six	hoop	traps	were	set	
out	in	wetlands	across	Ramsey	County	from	
May	through	August	2023.	Hoop	traps	are	
elongated	cylindrical	nets	supported	by	two	
smaller	hoops	fitted	with	valves	so	turtles	
could	passively	swim	into	them,	but	not	exit,	
and	be	easily	released	without	harm.	Ramsey	
County	has	a	diverse	landscape,	with	a	
mixture	of	traffic	volumes,	road	densities,	
and	wetland	areas.	Coupled	with	the	fact	that	
limited	research	has	been	conducted	in	this	
area,	Ramsey	County	is	an	ideal	location	to	
examine	sex	ratios	in	turtle	populations.	This	
paper	asks	the	extent	to	which	the	sex	ratio	
of	Ramsey	County	painted	turtle	populations	
can	be	explained	by	the	traffic	volume	of	
nearby	roads.	Further,	we	ask	if	this	
relationship	differs	with	age	and	distance	
from	habitat	to	the	nearest	road.	The	findings	
of	our	research	may	lead	to	conservation	
actions	being	taken	with	these	turtle	
populations	in	mind.	If	populations	near	

high-volume	roads	are	male-biased,	that	
information	could	be	used	to	locate	
interventions.	For	example,	staff	from	the	
Minnesota	Zoo	are	using	mitigation	measures	
like	U-shaped	fences	and	aquatic	culverts	to	
advance	turtle	conservation.	Our	research	
could	make	their	work	more	effective	by	
identifying	landscape	and	road	attributes	
where	mitigation	measures	would	be	most	
productive.	Significantly	male-biased	turtle	
populations	are	expected	in	wetlands	close	to	
roads	(<100m),	and	close	to	roads	with	high	
traffic	volumes	(>5,000	cars/day).	We	expect	
habitats	close	to	roads	with	low	traffic	
volumes	(<5,000	cars/day)	will	have	a	slight	
male	bias.	Additionally,	we	expect	habitats	
far	away	from	roads	(>	100m)	with	high	
traffic	volumes	will	have	a	slight	male	bias	as	
well.	The	results	of	this	work	will	increase	
our	understanding	of	the	relationship	
between	roads,	traffic	volume,	and	turtle	sex	
ratios.					

	

Methods	

	 We	placed	six	hoop	traps	throughout	
wetlands	in	Ramsey	County	at	the	following	
locations:	Langton	Lake	Park,	Oasis	Park,	
Tony	Schmidt	Regional	Park,	Serita	Wetlands,	
Loeb	Lake,	and	Lake	Como.	The	traps	were	
60cm	x	30cm,	and	the	hoop	opening	was	
18cm	wide,	large	enough	for	an	adult	painted	
turtle	to	enter.	Traps	were	placed	in	mid-May	
and	were	checked	once	every	three	days	until	
mid-August.	This	timeframe	was	chosen	in	
accordance	with	turtle’s	most	active	season,	
as	well	as	the	breeding	season	(Congdon,	
1983).	Approval	to	live	trap	turtles	and	
collect	associated	data	was	provided	by	the	
University	of	Minnesota	-	Ramsey	County	
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IACUC	office,	protocol	number	2212-40598A.	
For	each	turtle	captured,	we	recorded	its	GPS	
location,	species,	sex,	and	age	(i.e.,	hatchling,	
adolescent,	adult).	Distance	to	the	nearest	
road	was	calculated	using	Google	Earth	by	
placing	a	point	on	the	map	where	the	hoop	
trap	was	located,	and	using	the	measuring	
tool	to	find	distance	to	the	nearest	road.	Sex	
of	each	turtle	was	determined	using	external	
sex	characteristics	like	nail	length,	size,	and	
tail	length	(Steen	and	Gibbs,	2004).	Age	was	
estimated	by	overall	size,	plastron	length,	
and	carapace	length.	Traffic	volumes	were	
obtained	using	the	Annual	Average	Daily	
Traffic	Volume	(AADTV)	map	from	the	
Minnesota	Department	of	Transportation	
(2022).		

	 				Data	were	stored	in	Excel	and	analyzed	
using	R	Studio	(R	Core	Team,	2021).	We	used	
linear	models,	as	well	as	Chi-Square	tests	to	
investigate	relationships	among	sex	ratios	of	
wetlands,	traffic	volume	of	nearby	roads,	and	
distance	to	the	nearest	road.	The	response	
variable	was	sex	ratio	in	each	wetland,	and	
explanatory	variables	were	traffic	volume	
(cars	per	day)	of	nearby	roads	and	distance	
to	the	closest	road	(meters).	Sex	ratios	were	
converted	to	numeric	values	by	assigning	
males	a	value	of	0	and	females	a	value	of	1.	
Hatchlings	were	not	included	in	data	analysis	
because	external	sex	characteristics	cannot	
easily	be	determined.	To	calculate	the	
average	sex	ratio	of	each	wetland,	the	value	
(0	or	1)	for	each	turtle	was	added,	and	then	
divided	by	the	number	of	turtles	found	in	
that	habitat.	The	resulting	value	indicates	the	
proportion	of	the	population	that	was	female	
(i.e.,	a	ratio	of	0.4	indicates	that	40%	of	the	
turtles	found	in	that	wetland	were	female).	
Scatter	plots	and	bar	charts	were	created	to	

show	relationships	between	sex	ratios,	traffic	
volume,	and	distance	to	nearby	roads.	We	
interpreted	relationships	as	significant	when	
the	P	value	was	less	than	0.05.	

		

	

Results	

Turtles	were	only	found	in	three	of	our	six	
locations	(Sarita	Wetlands,	Oasis	Park,	and	
Tony	Schmidt	Regional	Park).	We	found	20	
turtles	among	all	trap	checks;	however	one	
capture	was	a	snapping	turtle	that	was	not	
included	in	data	analysis.	Of	the	19	turtles	
analyzed,	8	were	female,	7	were	male,	and	4	
were	too	young	to	determine	sex.	Among	
these,	7	were	adults,	8	were	juveniles,	and	4	
were	hatchlings.	

Traffic	volume	and	distance	to	the	
nearest	road	were	not	determined	to	have	a	
significant	impact	on	the	sex	ratios	of	Ramsey	
County’	painted	turtle	populations	(Table	1).	
The	Chi-Square	test	on	the	age	and	sex	
distributions	did	not	return	a	significant	
value	(p>0.05,	Figure	5).	Despite	the	lack	of	
significance,	wetlands	near	lower	traffic	
volume	roads	had	a	higher	ratio	of	females	
than	wetlands	near	higher	traffic	volume	
roads	(Figure	1).	Wetlands	closer	to	roads	
had	a	higher	ratio	of	females	than	wetlands	
farther	from	roads	(Figure	2).	Females	were	
much	more	likely	to	be	adults,	and	juveniles	
were	much	more	likely	to	be	male	(Figure	5).	
Finally,	females	were	more	evenly	
distributed	across	habitats	with	varying	
traffic	volumes	and	distances	to	the	nearest	
road	(Figure	3;	Figure	4).	

Discussion	
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From	the	data,	we	found	that	wetlands	near	
lower	traffic	volume	roads	were	more	likely	
to	have	a	higher	ratio	of	females	(Figure1).	
Females	were	also	found	across	a	wider	
distribution	of	traffic	volumes	and	distance	to	
nearby	roads	(Figure	1;	Figure	2).	
Additionally,	we	found	that	adult	females	
were	much	more	common	than	adult	males,	
and	juvenile	males	were	more	common	than	
juvenile	females	(Figure	5).	None	of	these	
relationships	were	statistically	significant,	
however.		

Most	of	our	results	were	consistent	with	
previous	research	findings.	For	example,	
Dorland	et	al.	did	not	find	statistically	
significant	evidence	that	sex	ratios	were	male	
biased	near	high	traffic	road	sites	(2014).	
However,	there	are	notable	differences	in	the	
literature.	No	papers	we	could	find	describe	
the	large	differences	in	sex	ratios	at	different	
ages	in	painted	turtle	populations.	These	
differences	could	be	a	misrepresentation	of	
the	population,	given	that	the	sample	size	
was	small.	However,	it	merits	further	
investigation	because	such	differences	in	sex	
ratios	in	the	age	structure	could	have	
implications	for	the	long-term	success	of	
painted	turtle	populations.		

One	of	the	primary	limitations	of	this	study	
was	the	small	sample	size.	In	order	to	achieve	
an	adequate	sample	size,	future	research	
should	be	conducted	over	at	least	three	
active	seasons	in	order	to	obtain	an	adequate	
sample	size	for	data	analysis.	While	there	
were	trends	in	this	study	that	suggest	traffic	
volume	and	distance	to	roads	may	impact	
painted	turtle	sex	ratios,	the	sample	size	was	
too	small	to	support	the	initial	hypothesis.	
Additionally,	more	than	six	sites	should	be	
utilized	in	order	to	increase	sample	size.	We	
recommend	future	research	continue	to	
question	the	relationships	among	traffic	
volume,	distance	to	the	nearest	road	and	sex	
ratios	of	painted	turtles.	Based	on	the	small	
sample	size	collected,	we	do	suggest	future	
work	take	place	over	a	longer	period	of	time	
and	with	more	sites.	Researchers	should	also	
ask	if	these	relationships	differ	between	
turtle	species	(Dupuis-Désormeaux,	2017).	
Finally,	further	investigation	of	the	observed	
differences	in	sex	in	the	age	structure	of	the	
population	is	warranted.	Understanding	
these	relationships	and	structures	will	help	
guide	future	conservation	efforts	with	
midland	painted	turtles,	and	other	species	of	
aquatic	and	semi-aquatic	turtles.	
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Supplements		

Factor(s)	 Test	Statistic	(F)	 P	Value	

Traffic	Volume	 2.678	 0.349	

Distance	to	Nearest	Road	 1.228	 0.467	

Traffic	Volume	and	Distance	
to	Nearest	Road	

1.605	 0.425	

Table 1. P values and test statistics (F values) calculated from each linear regression model for each 
factor that could influence the sex ratios of turtle populations. None of the linear regression models 
returned a significant P value (i.e., p>0.05). 
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Figure	1.	Sex	ratios	(female/male)	at	three	different	wetlands	in	the	Ramsey	County	area	in	
relation	to	the	traffic	volume	of	the	nearest	road.	The	wetland	with	the	highest	ratio	of	females	
had	the	highest	traffic	volume,	and	the	wetland	with	the	lowest	ratio	of	females	had	the	lowest	

traffic	volume.	

	

	

	

	

	

	

	

	

	

	

	

 

Figure	2.	Sex	ratios	(female/male)	at	three	different	wetlands	in	the	Ramsey	County	area	in	
relation	to	the	distance	(in	meters)	of	the	nearest	road.	The	wetland	that	was	furthest	from	a	road	

had	the	lowest	ratio	of	female	turtles.	
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Figure	3.	Boxplot	showing	the	distribution	of	female	and	male	turtles	across	different	traffic	
volumes.	Females	were	more	likely	to	be	found	at	all	traffic	volumes,	while	males	were	mostly	

found	in	areas	with	higher	traffic	volumes.	

	

	

	

	

	

	

	

	

	

	

	

Figure	4.	Boxplot	showing	the	distribution	of	female	and	male	turtles	across	different	distances	to	
nearby	roads.	Females	were	more	likely	to	be	found	at	all	distances,	while	males	were	mostly	

found	in	areas	that	were	farther	from	roads.	
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Figure	5.	Counts	of	age	and	sex	for	turtles	found	during	surveys.	Most	adults	found	were	female,	
and	most	juveniles	found	were	male.	The	Chi-Square	test	conducted	to	determine	if	there	was	a	
significant	difference	in	age	distribution	than	what	would	be	expected	due	to	chance	was	found	to	

be	not	significant,	with	a	P	value	of	0.242.	
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