
A Unique Barrier Wall and Underpass to Reduce Road Mortality of Three

Freshwater Turtle Species

Paul C. Heaven1, Jacqueline D. Litzgus2, and M. Tim Tinker3

Road mortality has become a primary threat to turtle populations. A variety of strategies have been applied to reduce
turtle mortality; however, the effectiveness of these solutions remains largely untested. The few tests that have been
conducted have often found the mitigation actions to be ineffective or prohibitively expensive for implementation at a
landscape level. Thus, there is a need for inexpensive, effective, and rigorously tested methods for reducing turtle
mortality on roads. Here, we investigate the potential efficacy of an inexpensive mitigation strategy, consisting of a
barrier wall fabricated from High Density Polyethylene (HDPE) half-pipe, partnered with a pre-existing semiaquatic
HDPE culvert as an ecopassage. We used survey data and a Before-After-Control-Impact (BACI) experimental design to
assess the effectiveness of the mitigation and quantified the use of the ecopassage at the impact site after the barrier
wall was installed. We found a significant interaction between the treatment effect and time period, with the impact
site (but not control sites) showing significantly lower turtle counts after mitigation. The barrier wall reduced the
number of turtles accessing the road by 94%, and there was no evidence of turtles circumnavigating the barrier. Turtles
used the pre-existing culvert to pass under the road. We conclude that HDPE half-pipe partnered with an existing
semiaquatic HDPE culvert can reduce road access by, and road mortality of, turtles. The use of standard road
construction materials for barrier walls and underpasses results in a cost-effective design scalable to a landscape level.

W
ITH the fragmentation of the landscape by an
ever expanding network of roads, road mortality
has become one of the greatest threats to

freshwater turtles in North America (Gibbs and Shriver,
2002; Aresco, 2005; COSEWIC, 2016; Environment Canada,
2016). Of Ontario’s eight native turtle species, seven are
currently listed as At Risk and are categorized as either
Endangered, Threatened, or of Special Concern (Endangered
Species Act, 2007, Ontario Regulation 230/08), and two of
these species are listed as globally Endangered (IUCN, 2018).
Declines in populations of these turtle species have been
attributed to road mortality (COSEWIC, 2016; COSSARO,
2017). Road networks impact turtles through direct mortality
from vehicle collisions and indirect mortality from the
fragmentation of habitat (Gibbs and Shriver, 2002; Aresco,
2005) and genetic isolation of subpopulations (Laporte et al.,
2013; COSEWIC, 2016). Road mortality biases population sex
ratios towards males (Gibbs and Steen, 2005; Dupuis-
Desormeaux et al., 2017) and age ratios towards juveniles,
as adult females are disproportionately killed during overland
nesting movements (Marchand and Litvaitis, 2004). Because
turtle life histories are characterized by high adult survival
rates, delayed sexual maturity, and low recruitment (Wilbur
and Morin, 1988; Congdon and Gibbons, 1990), this
demographic trend jeopardizes population persistence (Gibbs
and Shriver, 2002).

In an effort to mitigate reptile road mortality, a variety of
techniques have been developed and utilized. To improve the
permeability of road infrastructure, caution signs, concrete
box culverts, arched culverts, and pipe culverts have been
installed; to prevent gaining access to the road surface, barrier
fencing has been installed to funnel animals through these
alternative safe crossings (Smith et al., 2009; Langen, 2012;
Baxter-Gilbert et al., 2015; Colley et al., 2017; Crawford et al.,
2017; Markle et al., 2017). Studies conducted to evaluate
these methods have identified several deficiencies and
problems, including wall breaches (Dodd et al., 2004; Aresco,

2005), hesitancy of animals to utilize underpasses (Woltz et
al., 2008; Baxter-Gilbert et al., 2015), animals circumnavi-
gating the barrier wall (Markle et al., 2017), and excessive
maintenance and vigilance (Aresco, 2005; Baxter-Gilbert et
al., 2015; Colley et al., 2017; Markle et al., 2017). To address
some of the problems inherent in the first generation of
mitigation approaches, new engineered systems are now
available that include precast tunnels with grated tops to
enhance the environmental conditions (light, moisture, and
temperature) within the tunnel and prefabricated exclusion
fencing. However, the application of such technologies may
not be scalable to a landscape level due to the associated costs
(Gibbs and Shriver, 2002).

A critical step in considering any new mitigation strategy is
the rigorous evaluation of its efficacy in real-world experi-
mental studies. To accurately measure the effects of ecopas-
sages and barrier walls, studies need to incorporate data
collection before and after the mitigation is applied, include
control sites and sufficient site replication, and apply an
appropriate spatial scale and time frame for evaluation
(Lesbarrères and Fahrig, 2012; van der Grift et al., 2013;
Rytwinski et al., 2016). Several researchers have applied a
Before-After-Control-Impact (BACI) study design to assess
mitigation strategies: for example, Baxter-Gilbert et al. (2015)
examined the efficacy of exclusion fencing and ecopassages
in mitigating reptile road mortality over a two-year period
with one impact and one control site, and found that the
exclusion fencing was not effective. Crawford et al. (2017)
conducted a five-year study using two control sites and one
impact site to test the efficacy of barriers composed of short
fencing and nest boxes in mitigating road mortality of a
single species, and in this case found the barriers to be
effective.

Here, we use a BACI experimental design to assess the
efficacy of a unique design of barrier wall in reducing the
number of turtles gaining access to the road. We utilized
readily available and inexpensive materials to construct the
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barrier wall, thereby minimizing costs and increasing the

feasibility of broad scale applications. We applied curved

ends to the barrier wall and assessed turtle activity at the ends

to determine whether turtles were circumnavigating the

barrier. Finally, we quantified post-mitigation use of the pre-

existing semiaquatic culvert to determine whether the barrier
wall was prohibiting migration between wetlands. Our study
monitored three turtle species in central Ontario. If the
barrier wall and curved ends were effective, we expected a
significant decrease in the number of turtles on the road
between the barrier walls and no increase in the number of
turtles beyond the barrier wall. We expected to see these
changes after the treatment was applied at impact sites but
not at control sites. If the culvert was effective in providing a
corridor for turtle migrations between wetlands, we expected
to document turtles utilizing the culvert.

MATERIALS AND METHODS

Location.—Our study took place in the County of Haliburton
in central Ontario, Canada (44.909915, –78.631015). The
County of Haliburton is located on the Canadian Shield, a
landscape dominated by natural forests, lakes, and wetlands,
and exposed Precambrian bedrock. We surveyed a 500 m
long section of road at three sites: Gelert Road, County Road
21, and Glamorgan Road. All three roads are paved, two-lane
roads with gravel shoulders and a speed limit of 80 km/hr.
Based on one hour of observation conducted on the same
date and hour at all sites, traffic volume estimates are 66, 288,
and 52 vehicles/hr, respectively. All roads are maintained by
the County of Haliburton.

To test the effectiveness of the barrier wall, we applied a
BACI study design. The study sites were assigned to
treatment class: two Control sites (Control Site 1—Glamor-
gan Road; Control Site 2—County Road 21) and one Impact
site (Impact Site—Gelert Road). All sites had a pre-existing,
semi-aquatic High Density Polyethylene (HDPE) culvert in
the approximate center of the study site (Figs. 1A, 2). At all
three sites, marsh wetlands with a mix of open water and
vegetation consisting of sedges (Carex stricta), grasses (Cala-
magrostis canadensis), and floating aquatic vegetation (Brase-
nia schreberi, Nymphaea odorata, Nuphar variegata) were

Fig. 1. Barrier wall design. Panel A
depicts the connection of the barrier
wall with the pre-existing culvert.
Panel B depicts a curved end of the
barrier wall. Panel C is a view of the
barrier wall from the ground level.
Panel D depicts a section of barrier
wall with the backfill to the top.

Fig. 2. Aerial image showing habitat types and rural development
adjacent to the Impact site. Site boundaries (yellow lines), placement
and design of barrier wall (red lines), and the location of the culvert
(gray cylinder) are also depicted. The barrier wall extends for 220 m on
both sides of the road and the Impact study site is 500 m in length.
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located on both sides of the road in the center of the study
site. The adjacent habitats transitioned from wetland to
upland forest and rural residential development at the
Impact Site and Control Site 2, and forest at Control Site 1.
The forested habitat at all three sites was dominated by a mix
of conifer (Abies balsamea, Thuja occidentalis) and deciduous
trees (Acer rubrum, Betula papyrifera, Populus tremuloides). All
three sites were known to harbor turtle populations based on
historical observations of nesting females and road crossings
(Heaven, unpubl. data, 2013).

Mitigation design.—In the fall of 2014, we installed barrier
walls at the Impact site. The length of the barrier walls
extended from the pre-existing HDPE culvert in both
directions, on both sides of the road, to the first private
driveway encountered, at which point the barrier was
terminated on both sides of the road (Fig. 2). This resulted
in a contiguous barrier that extended for 220 m on both sides
of the road, with the culvert located approximately in the
center. The culvert at the Impact site is 1.22 m in diameter
and 21 m long, with an openness ratio of 0.07 (Table 1).
During the spring freshet, the water flow was gentle and
water depth within the culvert was approximately 80 cm. At
the end of May, water levels inside the culvert dropped to a
depth of approximately 30 cm.

We constructed the barrier walls using 75 cm diameter Boss
2000 HDPE culvert pipe cut in half lengthwise (Fig. 3). We
placed the barrier walls at the base of the road shoulder and
held them upright using 1.9 cm steel rods of 1.5 m and 2 m
lengths (Figs. 1, 3). The pipe was provided in 6 m lengths,
and we joined those using standard Boss 2000 culvert

couplers which were also cut in half. We buried the base of
the barrier walls to a depth of 15 cm and the base height of
the barrier walls was set in accordance with the high water
mark on the existing culvert. The organic/mineral mix
removed for the placement of the wall was pulled up onto
the road shoulder and then used as backfill once the wall was
installed. We graded the backfill directly to the top of the
barrier wall to ensure that the drainage of the road was not
compromised by the barrier walls (Figs. 1, 3). This also
provided turtles with a ‘jump-out’ to exit from the road and
return to the adjacent habitats, in the event that they
managed to breach the barrier wall or access the barricaded
section of road from the ends. All exposed backfill was seeded
to promote regeneration and soil stability. At each end of the
barrier wall, the wall turned back at an angle of 1358 for 6 m
and then ran parallel to the wall for another 6 m, with the
intent to deflect turtles towards the culvert and wetland. All
of the study sites were 500 m in length, and the 220 m long
barrier walls extended over 44% of the Impact site and ended
at the same location on either side of the road (Fig. 2). This
design allowed for an assessment of turtle activity between
the barrier walls (core area) and beyond the barrier walls
(peripheral area).

We purchased the barrier wall materials for approximately
$43 CAD/m and the barrier walls were installed by a team of
community volunteers with an estimated effort of 370
volunteer hours. A mini-excavator and operator were also
retained to assist with excavation of the road shoulder. The
total cost for installation and materials amounted to
approximately $34,000 CAD.

Monitoring.—Monitoring occurred over a three-year period
consisting of one pre-mitigation period in 2014 (Before) and
two post-mitigation periods in 2015 and 2016. All sites were
monitored simultaneously for 7 hours/day every day during
the months of May and June. Congdon et al. (2000) found
overall nesting activities of Blanding’s Turtles to be concen-
trated after 1700 hrs and as early as 0700 hrs, and similar
concentrations have been documented for Snapping Turtles
and Painted Turtles (Ernst and Lovich, 2009). Monitoring
targeted these times of peak turtle activity and consisted of

Table 1. Specifications and openness ratio of pre-existing culvert at
each site class. The openness ratio is defined as the height*width/
length of the culvert (Ministry of Transportation, 2006).

Site class
Width
(m)

Height
(m)

Length
(m)

Openness
ratio

Control site 1 0.9 0.9 30 0.03
Control site 2 1.2 1.2 20 0.07
Impact site 1.2 1.2 21 0.07

Fig. 3. Cross section schematic of
barrier wall design. The barrier wall
was constructed of 75 cm diameter
HDPE culvert piping cut in half and
staked upright using 1.5 m steel rods.
A mineral/organic mix was used to
backfill behind the wall to promote
drainage from the road surface and
provide the opportunity for turtles to
access the adjacent habitats from the
road (i.e., to act as a ‘jump-out’ if they
accessed the road surface).

94 Copeia 107, No. 1, 2019



two 3.5 hour shifts/day: one beginning at 0730 hrs and the
other at 1700 hrs. Monitoring during each shift was
conducted by one intern or community volunteer. Some
community volunteers worked in pairs but monitored as one
(i.e., walked side by side) and therefore no extra vigilance was
interpreted. During each monitoring shift, volunteers walked
the road and documented all turtles found on the road or
road shoulder, with the road shoulder defined as the gravel
area that extends from the paved road surface to the bottom
of the parallel drainage ditch, or the top of the barrier wall at
the Impact site.

Turtles on the road were captured and moved to the road
shoulder in the direction they were traveling, processed, and
then released into the adjacent habitat. Turtle species were
identified, and location was recorded in UTM using a
handheld GPS receiver (Magellan eXplorist 11, San Dimas,
CA) in the NAD83 datum. Nesting turtles were processed
after nesting was complete. If nesting extended beyond the
monitoring session, volunteers stayed on site until nesting
was complete and then processed the turtle. No new turtles
were documented after the monitoring session concluded.
Dead turtles were processed and then removed from the
study site to ensure they were not counted twice.

To standardize search effort and estimate relative abun-
dance of turtles in the habitats adjacent to the road, three
visual sweeps of each site were conducted on the hour during
each monitoring shift for a total of three sweeps per shift.
Sweeps typically required 25 to 35 minutes to complete,
depending on the number of turtles documented. To conduct
the sweep, the volunteer walked along the road shoulder on
each side of the road for the entire length of the study site
(500 m) and, using binoculars to scan the adjacent habitats,
documented all turtles observed to provide a maximum
count of each species of turtle per shift in the adjacent
habitats. At this time, turtles observed behind the barrier wall
were also documented. Vigilance of the road and road
shoulder was maintained at all times. Data collected included
species, activity (nesting, walking, swimming, basking),
count (grouped by species), and location. The location of
turtles in the adjacent habitats was calculated by recording
the UTM of the observer and the estimated distance and
direction in degrees to the observed turtle.

We used Six Reconyx PC900 Hyperfire Professional IR
cameras (Reconyx, Holmen, WI) to monitor the culvert and
curved ends of the barrier wall at the Impact site. The
cameras captured photographs at one-minute intervals
starting at 0500 hrs and stopping at 2100 hrs daily from
May through June in the post-mitigation ‘after’ field seasons
(2015 and 2016). In addition to the set interval photography,
the infrared hyperfire was active for the full two months and
set to capture a series of three photographs at one-second
intervals when triggered. We attached two of the cameras to
posts located approximately 3 m from the ends of the culvert.
On each post, the camera was mounted approximately 1 m
above water level and aimed directly at the culvert opening.
We also placed cameras at all four ends of the barrier wall to
document turtle response to the curved ends. In all cases, the
cameras were aimed directly at the end of the wall and
aligned to capture turtles moving towards the end of the wall
from both the inside and outside of the wall.

Data analyses.—We examined turtle abundances on the road
at Control and Impact sites in each of two areas: 1) the core
area defined as between the barrier walls at the Impact site
and an equivalent stretch of road centered on the culvert at

the Control sites (0–110 m from culvert in both directions);
and 2) the peripheral area defined as beyond the barrier walls
at the Impact site and an equivalent stretch of road at the
Control sites (110–250 m from culvert in both directions).
The condition of the turtle (i.e., alive, deceased, or injured)
was not assessed as all turtles identified on the road were
considered at risk of road mortality. Treatment (Control vs.
Impact), Period (Before vs. After treatment), and the
interaction of Treatment and Period were examined using a
Generalized Linear Mixed Model (GLMM), with Treatment
and Period as fixed effects and Site and Year as random
effects. If the treatment had a significant impact, then we
would expect the interaction effect to be significant, but not
necessarily the main effects of treatment and period.
Examination of the raw count data revealed fairly strong
over-dispersion and therefore we used a negative binomial
distribution for GLMM model fitting. All statistical analyses
were carried out in R version 3.4.4 (15 March 2018; R Core
Team, 2018), using library ‘‘lmer’’ (Bates et al., 2015) to fit
GLMM models and library ‘‘ggplot’’ (Wickham, 2016) to plot
results. Fixed effects were considered significant with a ¼
0.05.

The maximum number of each species documented in the
adjacent lands during each session at each site was summed
to provide a cumulative total of each species observed at each
site over the three-year study period. These numbers were
used to estimate a relative abundance of each species in the
adjacent lands for comparison between sites and with the
relative abundance of behavioral events related to the barrier
wall and culvert at the Impact site.

Camera traps were used to monitor use of culverts and
behavior of turtles at the barrier wall curved ends. Consec-
utive photographs of turtles captured by the cameras
adjacent to the culvert were grouped into ‘turtle events,’
and we documented whether the turtle entered and/or exited
the culvert. As the cameras set up at the culvert were placed
on both sides of the road, it was possible to capture turtles
entering one side of the culvert and exiting on the other side;
in such instances the event was categorized as a complete
crossing through the culvert. Turtles captured by the cameras
adjacent to the curved ends of the barrier wall were
categorized based on their response to the curved end. A
turtle was defined as having exited the barrier wall if the
turtle moved around the end of the barrier wall and into
adjacent habitat or up onto the road. A turtle was defined as
having been redirected if the turtle traveled along the barrier
wall from the culvert and then returned in a direction
towards the culvert. A turtle was defined as indeterminate if
the sequence of photographs could not identify in which
direction the turtle left the curved end.

RESULTS

Turtle abundances on road: Comparison of core areas.—In
2014 (Before), a total of 27 turtles (alive and dead) were
observed on the road at the Impact site in the core area. In
2015 (After, Year 1), zero turtles were observed in this area,
and in 2016 (After, Year 2), four turtles were observed in the
core area. Comparing these Impact site data to the core area
of the Control sites (i.e., 0–110 m from the center culvert),
the number of turtles on the road at Control 1 increased from
15 (2014) to 22 (2015) and to 34 (2016). Control 2 showed a
decline in turtles on the road with 22 in 2014, 21 in 2015,
and 16 in 2016.
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The GLMM model fit to data from the core area indicated a
significant interaction between the Treatment and Period
effects (Z ¼ –4.543, df ¼ 548, P , 0.001) such that counts
decreased substantially (by ~94%) in the ‘‘After’’ period at
the Impact site but did not decrease at the Control sites (Fig.
4). In contrast, we found no significant difference between
Treatment and Control sites in the counts of turtles on the
road (Z ¼ 1.159, df ¼ 548, P ¼ 0.246) and no significant
difference overall between Periods (Z ¼ 0.941, df ¼ 548, P ¼
0.347). Year and Site effects contributed negligible variance
after accounting for the fixed effects and their interaction.

Turtle abundances on road: Comparison between peripheral
areas.—The number of turtles observed on the road in the
peripheral area at the Impact site was 26 in 2014, 16 turtles in
2015, and 28 turtles in 2016. Comparing these data to the
peripheral area at the Control sites (i.e., 110–250 m from the
center of the site and culvert), there were two turtles on the
road in 2014 (Before), we counted two turtles in 2015 (After,
Year 1), and two in 2016 (After, Year 2) at Control 1, and
three turtles in 2014, five turtles in 2015, and six turtles in
2016 at Control 2.

The GLMM model fit to data from the peripheral areas
indicated a significant difference in the count of turtles on
the road between Treatments (Z¼4.297, df¼548, P , 0.001),
such that counts were higher overall at the Impact site, and
no significant difference between Periods (Z ¼ 0.745, df ¼
548, P¼0.456). Unlike the count data from the core areas, we
found no significant interaction between Treatments and
Periods (Z¼ –0.888, df¼ 548, P¼ 0.375; Fig. 5). Year and Site
contributed negligible variance after accounting for the fixed
effects and their interaction.

Turtle behavior at barrier wall curved ends.—At the Impact site
in 2015 (After, Year 1), our cameras documented 17 turtles at
the ends of the barrier wall, of which three were redirected
back towards the culvert, five exited the barrier wall, and
nine were indeterminate. In 2016 (After, Year 2), 26 turtles
were documented at the ends of the barrier wall, of which

seven were successfully redirected back towards the culvert,

15 exited the barrier wall, and four were indeterminate. In

total, 23% of the turtles documented in the curved end of the

barrier wall were redirected back towards the culvert, 47%

exited the barrier wall, and the behavior was unknown for

the remaining 30%. The percentage of turtles successfully

redirected was similar for all three species, ranging from 20–

26% (Table 2).

Use of the culvert as an ecopassage.—The cameras placed near

the culvert captured a total of 344 turtle events during the

2015 and 2016 field seasons. Of these events, 78 showed

turtles entering the culvert, 87 showed turtles exiting the

culvert, and 60 showed complete crossings (i.e., both

entering and exiting the culvert). Complete crossings for all

three turtle species were documented (Table 3).

Relative abundance of turtles in adjacent lands.—Across all

three sites there were 371 observations of turtles in the lands

adjacent to the roads of which 265 (71%) were Painted

Turtles, 43 (12%) were Blanding’s Turtles, and 41 (11%) were

Snapping Turtles (Table 4). Individual sites showed a similar

species composition with Painted Turtles comprising �57%

of observations, and Blanding’s Turtles and Snapping Turtles

�20%.

Fig. 4. Change in the average number of turtles on the road per day
between the barrier walls (core area) at the Impact site and equivalent
section at the Control sites (i.e., 0–110 m from the center culvert) for
the Before mitigation period (2014) and After mitigation periods (2015
and 2016). Column height represents model-estimated mean values
for each treatment/period, and error bars represent standard errors of
each estimated mean.

Fig. 5. Change in the average number of turtles on the road per day,
beyond the barrier walls (peripheral area) at the Impact site, and an
equivalent section at the Control sites (i.e., 110–250 m from the center
culvert) for the Before mitigation period (2014) and After mitigation
periods (2015 and 2016). Column height represents model-estimated
mean values for each treatment/period, and error bars represent
standard errors of each estimated mean.

Table 2. Cumulative totals (#) and relative response to curved ends of
the barrier wall (%) by turtle species.

Species

Redirected Exited Unknown
Total

# % # % # % #

Blanding’s Turtle 2 20% 4 40% 4 40% 10
Painted Turtle 7 26% 12 44% 8 30% 27
Snapping Turtle 1 20% 4 80% 0 0% 5
Unknown 0 0% 0 0% 1 100% 1

Totals 10 23% 20 47% 13 30% 43
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DISCUSSION

Effectiveness of barrier wall.—Comparing the core area at the
Impact site to the core area at the Control sites revealed
strong support for the prediction that the barrier wall is
effective in reducing the number of turtles on the road in the
area between the barrier walls. The significance of the
interaction between Treatment and Period indicates that
the drop in numbers was associated with the mitigation, as
no such drop was observed at Control sites.

In contrast, there was no interaction between Treatment
and Period in the counts conducted in the peripheral areas.
The lack of interaction in the peripheral areas lends further
support to the conclusion that the observed decline in counts
between the walls was not artifactual, and also indicates that
turtles did not circumnavigate the barrier walls in response to
the installation of the barrier walls: if this response had
occurred we would expect an increase in counts in the
peripheral area at the Impact site. Instead we found a non-
significant trend suggesting the number of turtles accessing
the road beyond the barrier walls at the Impact site had, if
anything, declined after the installation of the barrier walls.
This finding is contrary to previous studies that documented
increased road mortality at the ends of barrier walls
(Clevenger et al., 2001; Markle et al., 2017). Although we
did detect a significant difference in counts between
treatments (Control vs. Impact) in the peripheral areas, this
difference existed prior to the installation of the barrier walls
and therefore does not provide any indication that installa-
tion of the barrier walls caused the numbers to be higher at
the Impact site.

The curved ends of the barrier walls were moderately
effective at redirecting turtles. The curved ends successfully
redirected 23% of the turtles encountering the ends, and the
fact that there was no significant difference in the number of
turtles beyond the barrier walls after their installation
suggests that the curved ends are beneficial. The camera
data demonstrated that a minimum of 47% of turtles
encountering the curved ends of the barrier walls exited,
with no significant increase in the number of turtles on the
road beyond the barrier walls, suggesting that the curved
ends may have redirected a sufficient number of turtles (i.e., a
minimum of 23%) to offset the number of turtles attempting
to circumnavigate the wall. The 47% that exited the barrier
wall may represent a migration of turtles along the ditch
towards the stretch of road beyond the barrier walls that was
happening prior to the installation of the barrier walls.
Further, we do not know if the turtles that exited the barrier
walls accessed the road or moved into the adjacent habitat.

Recognizing that it is difficult to place extensive barrier
walls in the field without encountering features that will

compromise the wall (e.g., driveways, intersections, etc.), we

recommend further studies into curved-end design. A

possible modification would be a third section at the end

of the wall directing turtles back to the barrier wall rather

than the parallel design we implemented. Another option

would be to extend the curved ends further. Markle et al.

(2017) recommended extending the curve ends to a distance

of 75 m as opposed to the 12 m we tested. If the turtles

exiting are primarily females searching for nesting sites, then

the introduction of an artificial nesting site at the end of the

barrier wall may also add to mitigation effectiveness, as

artificial nesting sites have been successful in mitigating nest

predation (Crawford et al., 2017) and limited nesting

resources (Buhlmann and Osborn, 2011).

Effectiveness of culvert as an ecopassage.—The number of

turtles we documented utilizing the culvert (60 complete

crossings) was relatively high compared to similar studies.

Baxter-Gilbert et al. (2015) documented a total of only six

Painted Turtles and one Snapping Turtle in an underpass over

two field seasons, despite their cameras being active for twice

as long as ours (four months vs. two months, respectively).

Caverhill et al. (2011) documented seven occurrences of four

Blanding’s Turtles in an ecopassage using a data-logging

receiver and observed one Blanding’s Turtle entering the

culvert during their five-month field season. Through the use

of PIT (passive integrated transponder) tags, radio tracking,

and cameras, Markle et al. (2017) confirmed use of culverts

by nine turtles during two years of field studies. Our study

captured many more observations of turtles moving through

the culvert than these other studies, despite our shorter field

seasons.

The number of turtles moving through the culvert at our

study site is likely higher than reported. At times of high light

reflection, it was difficult to detect turtles that swam through

the culvert under the water, and therefore some turtles were

likely missed. Further, a complete crossing required a turtle to

be documented both entering and exiting the culvert;

however, the cameras were set to capture photographs at

one-minute intervals and turtles did not trigger the motion

sensor of the camera. Therefore we documented turtles

entering but not exiting, or exiting but not entering, and

we likely missed some turtles completely, due to the

limitations of the time lapse photography methodology. A

higher trigger rate on the cameras may have captured even

more successful passages of turtles. Further investigations will

be required to determine whether the high number of turtles

documented utilizing the culvert in our study was related to

variations in the field techniques, differences in turtle

Table 3. Number (#) and relative proportions (%) of turtle events
around the culvert and summary of turtles entering, exiting, and
completing the crossing through the culvert.

Species

Events
Entered
culvert

Exited
culvert

Complete
crossing

# % # % # % # %

Blanding’s Turtle 26 8% 7 9% 6 7% 4 7%
Painted Turtle 175 51% 34 44% 31 36% 14 23%
Snapping Turtle 138 40% 37 47% 50 57% 42 70%
Unknown 5 1% 0 0% 0 0% 0 0%

Total 344 78 87 60 100%

Table 4. Cumulative totals (#) and relative proportions (%) of
maximum number of turtles observed per survey and relative
abundance of each species observed in the lands adjacent to the roads
at each site and combined over all sites.

Species

Control 1 Control 2 Impact Total

# % # % # % # %

Blanding’s Turtle 8 16 5 3 30 20 43 12
Painted Turtle 28 57 141 83 96 63 265 71
Snapping Turtle 9 18 12 7 20 13 41 11
Unknown 4 8 12 7 6 4 22 6

Total 49 100% 170 100% 152 100% 371 100%
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abundances among studies, or the effectiveness of our
particular culvert-barrier wall combination.

We documented all three turtle species in our area using the
culvert, suggesting that a semi-submerged 21 m x 1.22 m
HDPE culvert functions as an ecopassage for multiple turtle
species, despite its simplicity and low openness ratio. Bland-
ing’s Turtles, Snapping Turtles, and Painted Turtles have all
been documented using small underpasses ,1 m in diameter
in other locations (Lang, 2000; Woltz et al., 2008; Scott D.
Jackson and Michael N. Marchand, unpubl. report), and
aquatic culverts have been found to be more turtle-friendly
(Lang, 2000). However, other studies have found turtles were
hesitant to use smaller underpasses (Paulson, 2010), even large
well-lit concrete box culvert underpasses with a natural
substrate, if there were alternative routes available (i.e.,
breaches in the barrier wall; Baxter-Gilbert et al., 2015). In
our study, the barrier walls were not compromised over the
two-year period, and therefore the turtles were effectively
corralled to the culvert. That said, the representation of the
turtles passing through the culvert was disproportionate to the
relative abundance of each species in the adjacent lands.
Comparing the number of complete crossings for each species
with the relative abundance of each species in the Impact site
adjacent lands, the Snapping Turtle represented a higher
percentage of the crossings than expected based on their
relative abundance in the adjacent lands (70% vs. 13%) and
the Painted Turtle and Blanding’s Turtle represented a lower
percentage than expected (23% vs. 63%, and 7% vs. 20%,
respectively). Whether this discrepancy is related to migration
patterns, species-specific levels of hesitancy to utilize the
underpass, or observer bias (i.e., ability of volunteers to detect
different species) is unknown.

Turtle abundances on road and in adjacent lands.—The
representation of turtle species documented on the road
was consistent with the representation of turtle species
documented in the adjacent lands, with Painted Turtles
representing 71% of the observations both on the road and
in the adjacent lands. The representation of Blanding’s
Turtles on the road was slightly less than in the adjacent
lands (6% vs. 12%), and the Snapping Turtle was slightly
more (23% vs. 11%). In the case of the Snapping Turtle,
which tends to bask less conspicuously than the other two
species, their abundance in the adjacent lands may have
been underestimated with our survey method. Nonetheless,
the data suggest that the variation in occurrences of all three
species on the road is relative to their local abundance, rather
than to migration behavior or nesting site preferences.

Barrier wall and culvert materials.—The culvert underpass was
an existing 1.22 m diameter HDPE culvert, and the barrier
walls were constructed from standard 75 cm diameter HDPE
culvert, cut in half lengthwise. HDPE culverts are utilized by
municipalities for standard road construction, are robust, and
have a long lifespan. Neither the culvert nor the barrier wall
were compromised during our three-year study. Further, the
use of standard culvert materials rather than engineered
products has the potential to greatly reduce the costs of
mitigating turtle road mortality. One limitation in the design
of the barrier wall was the use of metal rods through the
curved arch of the half-culvert. As the rods are accessible,
species capable of climbing 60 cm of exposed rod might be
able to breach the wall; we recommend further investigations
into how snakes in particular interact with our barrier wall
design.

Conclusion.—We tested the effectiveness of a unique design

of barrier wall with curved ends, and coupled with an

existing culvert, in reducing the number of turtles accessing

the road. The barrier wall design proved to be an effective

solution, resulting in a substantial reduction of turtles

accessing the road, and the number of turtles on the road

beyond the walls did not increase in response to the

installation of the barrier wall. We documented some success

in redirecting turtles away from the road through the use of

curved ends. We also documented a high number of

Blanding’s Turtles, Snapping Turtles, and Painted Turtles

using a standard 1.22 m diameter semi-submerged culvert to

move between wetlands, indicating that turtles will use such

a culvert as an ecopassage and alternative method to crossing

the road, when coupled with an effective barrier wall. Our

barrier wall was constructed from standard culvert material

and the ecopassage consisted of an existing culvert. Through

the use of readily available materials and existing road

infrastructure, we were able to demonstrate that cost-

effective turtle road mortality mitigation can be achieved

and recommend such solutions be applied at a landscape

level to reduce turtle road mortality.
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