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Summary
1) Sixteen (8 pairs) of WHA signs were installed at selected reptile crossing and road mortality
locations on provincial roads in Southern Ontario. Three pairs in East Region and four pairs
in Northeastern Region targeting Blanding’s Turtle, and one pair in West Region targeting
Massasauga Rattlesnakes;
2) Reptile exclusion fence was installed at a Blanding’s Turtle crossing location on Highway 7
and a Massasauga Rattlesnake crossing location on Highway 6;
3) All fenced and signed sections as well as adjacent highways to and from the mitigated sites
were surveyed for on road turtle and snake observations from 2013 to 2016. Some data
was also obtained from concurrent research studies in 2012-2013 on Highway 6 and
Highway 7;
4) When data was evaluated using a Before-After-Control-Impact (BACI) study design there
was some evidence that less snake collisions occurred in signed sections than in adjacent
control sections when comparing mean counts before and after signs were installed.
Whether signs reduced turtle collisions is inconclusive due to low sample size. There is
some anecdotal evidence that turtle collisions may have been reduced at the signed
section on Highway 654.
5) Traffic speed counters were set-up at the signed locations on Highways 7 & 41 in 2014 and
2016, and at the signed location on Highway 62 in 2015 in a BACI study design;
6) Motorists slowed down at three of the six WHA signs. In the long-term (2 years after signs
were installed) motorists slowed down at three of the four WHA signs. These results show
that motorists initially slow down when seeing signs, but not at all signs and this occurs two
years after placement. One explanation for lack of detection of speed reduction at some
signs and not others may be due to compromised motorist visibility from road alignment,
vertical profile or presence of roadside vegetation.
7) 416 motorist surveys were conducted at four general stores for turtles, and one ferry
terminal for snakes between the months of June and October over three years (2014 to
2016). The primary information sought was whether motorists noticed a turtle or snake
WHA sign, if so what was their response to the sign, and whether improvements such as
‘flags’ or an education and awareness campaign would improve sign effectiveness.

8

8) More motorists (68%) said they saw a WHA sign at the turtle survey locations than at the
snake survey locations (48%). It is likely fewer motorists initially saw the snake sign because
they had been driving for long hours, passed by in the dark, or had driven past the sign the
day before. Of those that did see a wildlife sign, approximately 80% of motorists guessed
the correct snake or turtle type. When showed a picture of various reptile awareness signs
approximately 90% selected the correct picture.
9) Of those that initially said ‘no’ to observing a WHA sign, approximately 30% remembered
the sign when shown the pictures of various reptile road signs. Further, motorists were
more likely to detect a sign and slow down and look around when they were aware of
turtles declining in Ontario.
10) There have been 15 separate incidences of sign theft (17 signs total) at the signed sections
of highway over three years of monitoring. This means each sign was stolen 1.2 times, or
has a 40% chance of being stolen one time a year. In order for the sign policy to be
effective, theft deterrents must be included in its overall implementation.
11) Temporary fencing at both Highway 6 and 7 (currently improved with permanent fencing)
is not 100 percent effective at excluding turtles and snakes from the highway, because the
fencing does not span the entire habitat used by the target species. In 2016, when
permanent fence was extended and replaced the temporary fencing only one Blanding’s
Turtle was found at the fence-end.
12) WHA signs have proven to be effective as a short-term awareness tool, and there is some
preliminary evidence that road mortality is decreased for snakes. Recommendations
include using signs as a temporary measure at selected hotspots to avoid motorist
desensitization. When combined with an education and awareness campaign that includes
radio ads, information at rest stops and additional motorist surveys signs will likely be more
effective.
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1 Introduction and Objectives
In response to a growing number of public requests for small animal crossing signs, the Ministry
of Transportation (MTO) Traffic Office in partnership with MTO’s Environmental Policy Office
(EPO) developed a policy for use of Wildlife Habitat Awareness (WHA) signs that was finalized in
March 2012 (MTO 2012). In light of this new policy and the uncertainties in sign effectiveness a
study design was devised that used motorist surveys and traffic speed counters as two methods
to evaluate motorist response to WHA signs. Additionally, a third method was used to evaluate
whether snake and turtle wildlife road mortality decreased at signed sections (Table 1).
Table 1: Summary of the study objectives with the evaluation techniques used for each
Objective
Measure whether motorists notice the WHA signs
Measure whether motorists respond to WHA signs by
decreasing speed
Measure whether motorist response to WHA signs reduces
taxa-specific (snake and turtle) road mortality
Measure the effectiveness of fencing installed on Highway 6
and Highway 7

Evaluation Technique
Motorist surveys
Traffic speed counters
Road driving surveys
Road driving surveys

Concurrent to the WHA monitoring study, reptile exclusion fencing had been installed in
partnership with MTO on two highways (Highway 6 and 7) where WHA signs were located.
Although, properly installed and intact exclusion fencing is known to be effective at reducing
reptile mortality along its length there are other consequences such as ‘fence-end effects’
which may render fencing ineffective (Gunson et al. 2014). As part of this assignment, these
two locations where fencing was installed were also evaluated using road driving surveys
conducted during WHA sign evaluation (Table 1). This report summarizes the effectiveness of
two mitigation strategies: WHA signs and reptile exclusion fencing implementation from 2013
to 2016.
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2 Selection of Signed and Fenced Locations
In 2013, 2014 and 2015 WHA signs were placed at several road sections identified as hotspots
or high risk collision areas, based on the criteria identified below (Table 2):
● Historically, an Endangered (END) or Threatened (THR) species was found within the
signed section using NHIC data, and;
◘ END or THR Species was confirmed to be found on the road recently from the
2013-2015 road surveys, or from other recent research studies or;
◘ The location was validated with expert opinion from MNRF SAR biologists and
ecologists as well as other experts from various organizations, e.g. herpetology
scientists.
The majority of the signs were placed at selected hotspots in 2014 as part of an initial
monitoring project (MTO Wildlife Mitigation Program Analysis and Tools (WMPAT) 2015). Two
additional sets of paired signs were placed on Highway 654 in 2013 and Highway 534 in 2014
from MTO internal requests and subsequently monitored as part of the monitoring project. In
2015, two additional paired signs were placed and monitored on Highway 62 at an identified
turtle hotspot to increase sample size for road surveys and traffic speed counter testing (Figure
1; Table 2).
In 2015 and 2016, two locations where reptile exclusion fencing was previously placed on
Highway 7 and Highway 6, were also monitored for fence effectiveness using road surveys. The
fenced location on Highway 7 was designated a turtle road-kill hotspot as part of a previous
MTO research project (Gunson et al. 2014), and the fenced location on Highway 6 was
designated as a Massasauga Rattlesnake hotspot as part of other monitoring studies (Stinnissen
2015).
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Figure 1. WHA signs and reptile exclusion fence locations that were monitored for effectiveness
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3 Road Surveys
3.1 General Methods
Mitigated road sections that had WHA signs or reptile exclusion fencing (including 1 km before
and after) were surveyed for turtles and snakes from 2012 to 2016. When driving to and from
signed and fenced locations all reptiles found on the road were also recorded. Data that were
collected outside of mitigated (signed and fenced) locations may be used to inform mitigation
planning on selected roads, verify predicted hotspots, as well as evaluate mitigation (sign and
fencing) effectiveness.
Hotspots were surveyed with 1 or 2 observers driving a vehicle in the road shoulder at 50 km
per hour at and adjacent to mitigated road sections. While driving to and from the test sites
vehicles were driven at 80 km/hr. All alive (AOR) and dead on road (DOR) reptiles found on the
road were documented. For turtles, all surveys were conducted between 31 May and 04 July
2012-2016 (peak nesting season) at mitigated sections. For snakes, surveys were conducted
during the months of April to September in 2012, May to September in 2013, July to September
in 2014, June to September in 2015 and July to September in 2016.
For all animals found the species was identified using colour, shell shape, length and pattern.
When a dead carcass was found it was classified as fresh (1 or 2 days old) or dried up carcass.
Sex was determined when possible, and age was estimated by measuring the length of the
plastron (bottom shell) for turtles and snout to vent length for snakes. The date, time and
location (Decimal Degrees, GCS84) were recorded for each animal using a Geographic
Positioning System (GPS). Other road-related and landscape features measured were the lane,
location on the road, shoulder type (gravel or paved), and general habitat (water, residential,
open field, forest) on both sides of the road. Road location was either on the road, inside the
white line, middle or edge of the road or on the shoulder.
Frequency of road surveys varied between sites (Table 2). For the most part road surveys
targeting turtles were done at all sites at least two times per week. Surveys varied between 8
and 13 surveys in the month of June (Table 6). In all but two surveys, surveys were completed
on all three highways in ER in one surveying day. Only turtles found in the month of June were
used for analysis.
Highway 6 was monitored almost every day (from Jun 1 to September 30) to repeat monitoring
effort completed as part of an MSc project in 2012 and 2013 (Stinnissen 2015). To maintain
consistency between months of data collection between years only data between July 1 and
Aug 28 2012-2016 were used for analysis on Highway 6. Highway 654 was not monitored in
13

2016 because of highway construction. Signs on Highway 534 had been installed by MTO North
Bay Office in 2013 (not as part of this evaluation project) and had been monitored
opportunistically in 2014 and in 2015 while travelling to Highway 654.
Road surveys were planned to occur before and after the mitigation was installed at the
identified hotspot when possible. Several signs were placed in the spring of 2014. On Highways
7, 41 and 6, systematic road observation data was available from other research studies before
the signs were installed (Table 2). Fencing was installed on Highway 6 in 2014 and between
2013 and 2016 on Highway 7.
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Table 2: Description of mitigated sections of highway and data available for assessment of WHA sign and reptile exclusion
fencing effectiveness
Highway,
Mitigate End/Thr Hotspot criteria
Date
Evaluation
Road Survey Period
mitigation d length Species # found at Hotspot
mitigation
Systematic data
Speed
Motorist
type
(m)
hotspot
Verification prior to study installed
counters
survey
(individua
l years)

East Region

(Custodian,
Year)

7, WHA
paired sign
7, reptile
exclusion
fencing

735

Bltu

3 (2)

*SAMPT

928

Bltu

10 (2)

Monitoring
data

Yes (MTO ER
2012-2016)
Yes (MTO ER
2012-2016)

41, WHA
paired sign

1485

Bltu,
Hosn

7 (3)

Monitoring
data

Yes (MTO ER
2012, 2013)

62, paired
sign

1145

Bltu

2 (2)

SAMPT and
data
collected as
part of this
study

No

May 29 2014 Yes

Yes

May 2013
No
(silt fencing);
Oct-15
(Animex
fencing)
May 29 2014 Yes

No

Jul 20 2015

No

Yes

Yes

Surveyed from 01-Jun to 05-Jul,
2012-2016
Surveyed from 01-Jun to 30-Sep
in 2012 and 2013; 01-Jun to 30Jun in 2014, 2015, and 2016

Surveyed from 01-Jun to 30-Sep
in 2012 and 2013; 01-Jun to 30Jun in 2014, 2015, and 2016
Surveyed in June 2015 (before),
signs up in July 2015 to perform
traffic speed study; Surveyed
again in Jun 2016
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Highway,
mitigation
type

Mitigate End/Thr Hotspot criteria
d length Species # found at Hotspot
(m)
hotspot
Verification
(individua
l years)

Date
Systematic data mitigation
prior to study installed
(Custodian,
Year)

118 WHA
paired sign

6007

Bltu

5 (3)

SAMPT,
Expert (P.
Heaven)

No

Jun 13, 2014 No

Yes

522 WHA
paired sign

2000

Bltu

6 (5)

Expert (J.
Rouse)

Jun 19, 2014 No

No

534, paired
sign

1600

Bltu

6 (3)

Jun 12, 2014 No

No

654, paired
sign

900

Bltu

4 (2)

No (some data
from MNRF,
Parry Sound)
SAMPT;
No (some data
MNRF North from MNRF,
Bay office
North Bay, 2008
and 2010)
SAMPT,
No (some data
MNRF North with MNRF)
Bay office

Jun 12, 2013 No

Yes (43)

Northeastern Region

Evaluation
Speed
counters

Road Survey Period
Motorist
survey

Surveyed in 2013, 2014, and
one survey in 2015;
Signs installed late in 2014 (Jun
19, 2014);
Surveyed Jun 03 to Jun 30-Jun
2013 and Jun 19 to Jun 30 2014
Stopped surveying in 2015 as
very few turtles found and little
before data
Surveyed in June in 2014, 2015,
and 2016; no before data
Surveyed in June in 2014, 2015
and not in 2016, no before data
because not installed as part of
this project
Surveyed in June in 2014, 2015
and not in 2016, no before data
because not installed as part of
this project
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Highway,
mitigation
type

Mitigate End/Thr Hotspot criteria
d length Species # found at Hotspot
(m)
hotspot
Verification
(individua
l years)

Date
Systematic data mitigation
prior to study installed
(Custodian,
Year)

6, WHA
paired sign

3245

Mass

10 (3)

Expert (T.
Stinnissen),
NHIC data

T. Stinnissen
(2012, 2013);

Jun 02, 2014 No

Yes

6, reptile
exclusion
fence

360

Mass

3 (3)

Expert (T.
Sinnissen),
NHIC data

T. Stinnissen
(2012, 2013);

July-Aug
2014

No

West Region

Evaluation
Speed
counters

No

Road Survey Period
Motorist
survey

May 25 to Aug 28, 2012; Apr 01
to Sep30, 2013; Jul 01 to Sep
30, 2014; Jun 01 to Sep 30,
2015; Jul 01 to Sep 30 ,2016
May 25 to Aug 28, 2012; Apr 01
to Sep 30, 2013; Jul 01 to Sep
30, 2014; Jun 01 to Sep 30,
2015; Jul 01 to Sep 30, 2016

*MTO Small Animal Decision Planning Tool
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3.2 General Results
From 2012 to 2016 a total of 1926 reptiles were found while conducting road surveys on
highways where WHA signs and reptile exclusion fencing was installed (Table 3). The summary
of snakes and turtles found include the surveys completed by Stinnissen (2015) on Highway 6
from 2012 and 2013 and the surveys completed by Gunson et al. (2014) from 2012 to 2014.
Snake species found were Brownsnake (Pseudonaja textilis); Eastern Gartersnake (Thamnophis
sirtalis sirtalis); Milksnake (Lampropeltis traingulum); Northern Watersnake (Nerodia sipedon);
Ribbonsnake (Thamnophis sauritus); Ring-necked Snake (Diadophis punctatus); Smooth
Greensnake (Ophedodrys vernalis) and turtle species were Blanding’s Turtle (Emydoidea
blandingii), Painted Turtle (Chrysemys picta); Snapping Turtle (Chelydra serpentina); and
Spotted Turtle (Clemmys guttata). Threatened species include 202 Blanding’s Turtles found at
all highways except for Highway 6, and 28 Massasauga Rattlesnakes found only on Highway 6.
One Endangered Spotted Turtle was found on Highway 41. Eastern Gartersnakes followed by
Watersnakes were the snake species found most often and Painted Turtles were the turtle
species found most often (Table 3).
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Table 3: Summary of snakes and turtles found on Highways with WHA signs and reptile exclusion fencing from 2012 to 2016
Hwy

Bltu

Patu

Sntu

Sptu

Unk
Turtle

Mass

Brsn

Eaga

Misn

Nwsn

Rbsn

Risn

Rnsn

Smgr

Unk
Snake

28
6
0
54
15
0
0
20
135
16
32
7
10
9
10
0
7
116
570
273
0
1
0
12
5
46
0
1
0
0
0
41
56
189
48
1
0
0
2
0
25
0
0
0
0
0
62
7
47
26
0
2
0
1
0
4
0
0
0
0
0
118
2
35
22
0
0
0
0
1
0
0
0
0
0
0
522
7
18
15
0
0
0
0
0
0
0
0
0
0
0
534
1
12
3
0
0
0
0
0
0
0
0
0
0
0
654
13
16
5
0
0
0
0
0
0
0
0
0
0
28
Total
202
941
407
1
3
20
150
22
107
7
11
9
10
Bltu=Blanding’s Turtle; Patu=Painted Turtle; Sntu=Snapping Turtle; Sptu=Spotted Turtle; Brsn=Brownsnake; Eaga=Eastern Gartersnake;
Misn=Milksnake; Nwsn=Northern Watersnake; Rbsn=Ribbonsnake; Risn=Ring-necked Snake; Smgr=Smooth Greensnake

Unk

0
6
1
0
0
0
0
0
7

Total
1
0
0
0
0
0
0
0
1
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337
1030
322
87
60
40
16
34
1926

3.2.1 WHA Sign Evaluation
3.2.1.1 Methods
An overall evaluation of whether WHA signs reduced the number of turtles and snakes killed or
injured on the road was conducted on four highways. Evaluation of turtle signs was done at six
different locations in MTO ER: Highway 7 eastbound (7 EB), Highway 7 westbound (7 WB),
Highway 41 northbound (41 NB), Highway 41 southbound (41 SB), Highway 62 northbound (62
NB) and Highway 62 southbound (62 SB), and evaluation of snake signs was done at two
different locations in MTO WR: Highway 6 northbound (6 NB) and Highway 6 southbound (6SB).
A Before-After-Control-Impact (BACI) approach to test for both the overall effect of WHA signs
as well as the individual effect of specific signs was used.
All WHA signs were defined based on the motorist direction of travel because each sign will
only influence a motorist travelling in one direction. Each reptile was grouped with the
appropriate sign (EB, SB, NB, or SB) based on the lane it was found. Reptiles that were found in
the middle of the road or the lane were marked as unknown and not used for analysis. Only
injured or dead turtles or snakes (referred to as turtle or snake collisions) were used to measure
effectiveness. Alive animals were not used because they were carried off the road by the
surveyors and therefore these animals were not a measure of motorist detectability and
subsequent avoidance on the road.
All highways were truncated into survey lengths where reptiles were surveyed. In ER, all three
highways were truncated to equivalent lengths (18.5 km) based on the shortest survey length
on Highway 41. On Highway 6, an 11.2 km transect was used. All transects were further broken
down into 1 km transects. Reptiles found along each 1 km section were assigned to a Treatment
category as follows: the section immediately following the sign in the direction of traffic (EB,
WB, NB and SB) is the IMPACT section and all other sections are designated as CONTROL
sections (Figure 2). This resulted in each sign having 1 IMPACT section and 17 CONTROL
sections with the exception of Highway 41 SB sign where only 16 CONTROL sections were
possible due to the location of the WHA sign.
Only one study exists that informs how long a motorist response (speed reduction) to a ‘wildlife
warning sign’ may last and this was between the distance of 500 m to 1000 m for camels (AlGhamdi & AlGadhi 2004). In this study, three different impact lengths of 1, 3, and 5 km were
used to test duration of motorist response (avoiding a turtle collision) on both Highways 7 and
41. Next, all six sign locations in ER were pooled to test for WHA sign effectiveness at reducing
turtle mortality, using only 1 km sections.
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Each turtle record was then defined by whether it occurred before or after the WHA sign was
installed (Table 4). Highways 7, 41 and 6 were monitored from 2012-2016, and signs were
installed in late May and early June 2014 (Table 2; Table 4). Turtles or snakes found in the
monitoring period in years 2012-2013 were before the signs were installed and in 2014-2016
were after sign installation. Highway 62 was monitored for two years. Turtles found in 2015
were before the signs were installed and turtles found in 2016 were after the signs were
installed. To have the same time periods among all years, only turtles found in the month of
June were used for each year, and only snakes found between July 1 and August 28 were used
in each year.
Table 4: A summary of statistical design used for each WHA sign to test whether signs reduce
road mortality for both turtles and snakes
Before
After
Section
Impact
Control
Sign
Period
Period
Length
Taxa
sections
sections
(Year)
(Year)
Used (km)
7 EB
2012-2013 2014-2016 1,3,5
1
17
Turtle
7 WB
2012-2013 2014-2016 1,3,5
1
17
Turtle
41 NB
2012-2013 2014-2016 1,3,5
1
16
Turtle
41 SB
2012-2013 2014-2016 1,3,5
1
16
Turtle
62 NB
2015
2016
1
1
17
Turtle
62 SB
2015
2016
1
1
17
Turtle
6 NB
2012-2013 2014-2016 1
1
8
Snake
6 SB
2012-2013 2014-2016 1
1
8
Snake
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Figure 2: Illustration of 1 km, 3 km, and 5 km impact section lengths and 1 km control sections
at each individual WHA sign
Overall WHA sign effectiveness at reducing turtle collisions was tested using a mixed effects
model with the following formula:
Count ~ Period + Treatment + (Period x Treatment) + Section + Highway + Year
Where Count is the number of turtles found annually in each section, Period is the time relative
to WHA sign placement (Before or After), Treatment is the position of the transect section
relative to the WHA sign (IMPACT or CONTROL), Period x Treatment is the interaction between
Period and Treatment, Section is the unique section identifier, Highway is the unique highway
identifier and Year is the unique year. Section, Highway and Year are defined as random effects
to control for the influence each variable may have on road mortality, i.e. those effects
unrelated to the WHA signs. A mixed effects model was not run for snake signs due to low
sample size.
Following the overall analysis, the effectiveness of each WHA sign to reduce turtle or snake
collisions was examined independently. The mean number of turtles or snakes collisions within
each category of Treatment sections (CONTROL or IMPACT) for each Period (BEFORE or AFTER)
22

was measured and plotted to identify trends over time. Next, the difference between the mean
number of collisions between the CONTROL and IMPACT sections in both the before and after
period was calculated. Paired t-tests were used to test for statistical significance.
3.2.1.2 Results
A BACI evaluation is not possible for turtles on Highways 534, 118, 654, and 522 because no
data prior to WHA sign installation is available (Table 2). However, enough data was available to
provide a summary of the dead or injured turtles found on Highway 654. Turtles were counted
in each 1 km road section adjacent to the WHA sign in both lanes (Control 1 and Control 2), as
well as turtles found on both lanes of the highway in between the WHA signs (Impact). There
was only one turtle found in the signed (Impact) section in each of 2014 and 2015, and in 2014
in Control 1 there were 3 turtles, and in 2015 in Control 2 there were 4 turtles (Figure 3).
4.5
4

Turtle Count

3.5
3
2.5
2
1.5
1
0.5
0
2014

2015
Control 1

Control 2

Impact

Figure 3: Turtle counts at road sections. Control 1, Control 2, and Impact sections for 20142015
The mixed effects model that included all six WHA turtle signs in ER found that the number of
turtle collisions was not significantly reduced for the 1 km transects. Additionally, there was not
a significant reduction in turtle collisions, both 3 km and 5 km after a motorist drove by a sign
on Highways 7 and 41.
There are mixed results of WHA turtle sign effectiveness and more clear results for WHA snake
sign effectiveness (Table 5; Figure 4). On highways 7 and 41, turtle collisions either both
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increased (Hwy 7 EB, Hwy 7 WB) or decreased (Hwy 41 NB, Hwy 41 SB) (Figure 4) in both the
CONTROL and IMPACT sections. Significantly more turtles were found killed at the Hwy 7 EB
WHA sign after the sign was installed when compared to the control section (t = 4.22, p<0.001;
Table 5). For Highway 62 SB, significantly fewer turtles were killed after the WHA sign was
installed when compared to the control (t = -5.84, p<0.001; Table 5).
At both the NB and SB WHA snake signs on Highway 6 there were significantly fewer snake
collisions on the 1 km signed section after signs were installed (Table 5). At the Hwy 6 NB sign
the number of snakes in the IMPACT section significantly declined following sign placement
while increasing in the CONTROL section (t = -9.392, p < 0.001; Figure 4). Similarly, at the Hwy 6
SB sign the number of snake collisions in the IMPACT section significantly declined following
sign placement, while snake collisions remained the same in the CONTROL section (t = -5.708, p
< 0.001; Figure 4).
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Table 5: Mean number of turtle and snake collisions found in the CONTROL and IMPACT 1 km sections before and after signs were
installed. Positive values for the difference measure indicate that more turtles or snakes were found in the CONTROL sections
than in the IMPACT section and negative values indicate that more turtles or snakes were found in the IMPACT section than in the
CONTROL sections. Yellow highlighted cells are a significant speed reduction after the signs were placed.
Mean Turtles or Snakes Per Section Before
Sign Placement
Sign
Difference
CONTROL
IMPACT
collisions
0.6
1.0
-0.4
7 EB
0.2
0.5
-0.3
7 WB
0.7
1.5
-0.8
41 NB
1.1
1.0
0.1
41 SB
0.2
0.0
0.2
62 NB
0.3
1.0
-0.7
62 SB
0.4
2.0
-1.6
6 NB
0.6
2.0
-1.4
6 SB
* denotes statistical significance based on α = 0.05.

Mean Turtles or Snakes Per Section After Sign
Placement
CONTROL

IMPACT

Difference collisions

0.7
0.5
0.6
0.9
0.6
0.4
1.0
0.6

2.0
0.7
1.3
0.7
0.0
0.0
0.0
0.7

-1.3
-0.2
-0.7
0.2
0.6
0.4
1.0
-0.04

P-value

< 0.001*
0.125
0.562
0.628
0.21
< 0.001*
< 0.001*
< 0.001*
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Figure 4: Mean count of turtle and snake collisions in the Control and Impact sections before and after WHA signs were installed
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3.2.1.3 Discussions
Wildlife warning signs have been widely used for large animals such as deer (Found & Boyce
2011) and moose (Krisp & Durot 2007), small animals such as turtles (Kintsch et al. 2015;
Gunson & Schueler 2012), and even camels (Al-Ghamdi & AlGadhi 2004). The effectiveness of
these signs, especially for reptiles, is largely under-studied, though a few studies have shown
short-term effectiveness for reduction of collisions with deer (Al-Ghamdi & AlGadhi 2004;
Found & Boyce 2011) and large animals (Colorado Department of Transportation, unpublished
findings 2014). This is the first study of its kind to evaluate sign effectiveness with smaller
reptiles, and preliminary evidence has shown some effectiveness for snakes.
A major limitation in this study was the rarity of turtle collisions in 1 km, 3 km, or 5 km road
control sections that become even rarer if associated mitigation systems are effective. Turtle
collisions were especially low on Highway 62 compared to the other highways, and there were
no turtle collisions at the Highway 62 NB 1 km section both before and after the WHA sign was
installed. Furthermore, the significant reduction in turtle collisions at the Highway 62 SB sign is
misleading because only one turtle, then no turtles were found dead or injured on the road
before and after sign installation respectively.
It is recommended to have replication in space, i.e., several control and impact sites should be
studied, and replication in time, i.e., the environmental variable(s) (in this case turtle collisions)
should be measured multiple times both before and after the impact (in this case installation of
WHA sign) (Roedenbeck 2007). In some cases, the number of turtle collisions in a 1 km section
may take up to ten years to realize a significant change. Another solution may be to only select
highway sections for test trials where an unusually high number of turtles cross the road.
Additional turtle impact sites in NER were available in this study, i.e. Highways 118, 654, and
534, however, signs were installed in 2014 and no before data was available to conduct a BACI
analysis. Signs were installed before adequate sampling prior to sign installation could be
completed, because initially the study was only going to take place for one year, and was then
extended to two years, and then again to four years. Funding commitments for long-term
monitoring studies need to be secured at the onset of a study in order to adequately set-up and
coordinate study designs between road maintenance crews, environmental planners, policy
decision-makers, and researchers.
Fortunately in this study, permissions were granted to use two years of turtle and snake road
observation data prior to sign placement on Highways 7, 41, and 6 (Stinnissen 2015; Gunson et
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al. 2014). This data acquisition proved successful on Highway 6, where there was a consistent
reduction in snake collisions at both WHA signs after signs were placed.
When a BACI type study is not possible due to limited funds or timelines, then an alternative
study design has been proposed in various discussions concurrent to conducting this study. The
study design entails placing a decoy turtle or snake onto the road in both signed (impact) and
unsigned (control) road sections, then observing how many motorists actively maneuver to
avoid a collision with the animal in both control and impact sections. The hypothesis is that
when motorists are more aware, i.e. those that observe a WHA sign, will avoid hitting turtles or
snakes than those that are unaware. The major limitation to conduct this study is that of driver
safety. Placing a turtle or snake on the road may cause a higher collision risk, albeit low, to
motorists driving on a road.
3.2.1.4 Highway 7
3.2.1.4.1 Methods
The site where reptile exclusion fencing was placed was located where turtles were found in
higher numbers than expected in reoccurring years (Gunson et al. 2014a). In addition, wetland
habitat spanned both sides of the highway (Figure 5). The defined section of road used for
evaluation was equivalent to the length of fencing installed in the 2016 extension where turtle
surveys were conducted from 2012 to 2016. The status of the reptile exclusion fencing at the
hotspot was different each year of the monitoring as the fence was improved and maintained
(Table 6).
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Figure 5: Progression of reptile exclusion fencing installation and turtles found at the hotspot
on Highway 7 from 2012 to 2016. Numbers in parentheses beside year indicate the number of
turtles found

Table 6: The progression of fence status, number of surveys conducted and number of turtles
found at fenced section of Highway 7
Year

Fence Status

# of Surveys

# of Turtles

2012

No fence

11

5

2013

Temporary silt fence
installed
Fence maintenance
performed

13

11

8

16

2015

No maintenance performed

9

3

2016

Permanent fence installed

11

1

2014
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All surveys were conducted between June 1 and June 30 (peak nesting season) of each year.
Surveys were conducted at least two times a week and varied between 8 and 13 surveys in the
month of June (Table 6). The number of surveys differed between years due to defined project
scope with several funding agencies (MNRF and MTO (Table 1).
Mean daily temperature (°C) and total daily rainfall (mm) for the month of June was obtained
for each study year from the Environment Canada weather station at Belleville, Ontario
(Environment Canada, 2016). At a distance of approximately 40 km this was the closest weather
station with a complete meteorological record for the study period.
An overall effect of fence status on the number of turtles found on the road was evaluated by
year. The count of turtles found per survey was used as the dependent variable. Bartlett’s test
of homogeneity of variances showed that the count data was heteroscedastic therefore a
Welch’s analysis of variance (ANOVA) was used, and differences between individual years were
evaluated using a Games-Howell post hoc test. This analysis was supplemented with a series of
two-sample t-tests where the pre-fence year (2012) was compared to each of the subsequent
years where some form of fencing was present (2013, 2014, 2015 and 2016). Summary
statistics are presented as mean ± 1 standard error unless otherwise indicated.
As weather conditions can influence turtle behaviour related to roads (Shepard et al. 2008) the
mean daily temperature and the total daily rainfall during the survey period was included in the
analysis. The data was summarized at two temporal resolutions, first by survey day (i.e. were
survey days hotter or drier in some study years compared to other years?) and then by month
(i.e. was June hotter or drier in some study years compared to other years?). If the Bartlett’s
test showed that the data were homoscedastic a one-way ANOVA and a Tukey HSD post hoc
test was used. If the data were heteroscedastic a Welch’s ANOVA and a Games-Howell post hoc
test was used.
3.2.1.4.2 Results
A total of 36 turtles were detected on the road within the hotspot over the five years of
monitoring (Table 1). There were 2 Blanding’s Turtles, 22 Painted Turtles and 12 Snapping
Turtles. All turtles found on the road were dead. The number of turtles found on the road
peaked in 2014 and then declined to below 2012 pre-fencing levels in 2015 and 2016 (Figure 6).
Our analyses found a significant effect of year on the number of turtles found per survey (F4,
20.398 = 4.08, p = 0.014; Figure 4) however the Games-Howell test was unable to find any
significant between-year differences. This is likely due to the large degree of variation in the
number of turtles found per survey within each year. The supplemental two-sample t-tests only
showed a significant difference in the number of turtles found per survey between 2012 (0.45
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turtles/survey ± 0.37) and 2014 (2.00 turtles/survey ± 0.60) with a higher number of turtles
found per survey in 2014 compared to 2012 (t = -2.2055, df = 12.047, p = 0.048).
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Figure 6: Number of turtles found on Highway 7 within turtle mortality hotspot
There were no significant differences in terms of mean daily temperature and total daily rainfall
between either the specific survey days per year or the entire month of June per year.
Anecdotally, 2014 had both the highest number of turtles found and the wettest survey days
(Figure 7), however we could not detect a statistical relationship.
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Figure 7: Mean rainfall (mm) on survey days by year in Belleville, Ontario (Environment
Canada, 2016). Bars represent 95% confidence intervals
3.2.1.4.3 Discussions
There was a significant difference in the number of turtles found on the road within the
hotspot; however this was driven by an increase in turtles during 2014 relative to 2012. While
ANOVA tests are generally robust analyses, further development of statistical methodology is
needed to account for the particular type of monitoring data. Road collisions with turtles in
small spatial extents are relatively rare occurrences statistically speaking, and become even
rarer when mitigation systems are put in place.
These low sample sizes result in low amounts of variation in the data, especially in the postmitigation time frame. Standard ANOVA tests assume comparable variation across years, which
is not true for these data. The Welch’s ANOVA allows for unequal variances but is a less
powerful test and therefore less likely to detect statistical differences. In this particular case
there were low numbers of turtles found at both the start (2012) and end (2016) years of the
monitoring period, which in turn makes statistical inference difficult.
This study is also limited by a number of factors. The number of surveys conducted each year
varied from as low as 8 surveys in 2014 to 13 surveys conducted in 2013. It was assumed that
by completing at least two surveys per week that the majority of turtles were still found in the
study area. This is based on a study by Stinnissen (2015) that found there was a 20% decrease
in turtles found within 24 hours and another study by Santos et al. (2011) that found the
median persistence of turtles at 3 days.
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Sampling effort in our study varied due to budgetary constraints within the scope of study
between years. In 2012 and 2013 more surveys were completed in a joint-effort between
Kawartha Turtle Trauma Centre and an independent research study (Gunson et al. 2014). From
2014 to 2016 the surveys were conducted as part of a larger study that evaluated effectiveness
of WHA signs (Section 3.2.1) and survey effort was limited to approximately two times per week
to capture turtle road observations across a larger study area.
Interestingly, in 2014 the most turtles were found when the least number of surveys were
conducted (Table 1). This could partially be explained because a small hole was detected in the
fence on June 14th, 2014 where a cluster of juvenile DOR turtles were found. In 2015, when no
maintenance was performed on the temporary fence and there were likely many holes, very
few turtles were found. Low numbers of on road turtles were also found in other studies in
Southern Ontario in 2015 (Eco-Kare International 2016a) and is likely attributed to regional
weather conditions. In 2016, only one Blanding’s turtle was found at the fence-end and this was
due to the presence of the intact permanent Animex fencing spanning the entire hotspot
installed in later summer 2015.
Annual variability of reptile movement patterns across roads stresses the need for rigorous
study designs such as a Before-After-Control-Impact (BACI) design (Section 3.2.1). A BACI design
isolates whether fencing is effective from other confounding factors such as changes in turtle
movement patterns. For example, if a there is a reduction in turtles crossing the road due to
drought, this is realized in both the fenced and control Highway sections. So if a larger decrease
is still realized in the fenced section, it lends strong support to the fence being effective. A BACI
analysis was not done in this study because there was only one year of before data and fencing
changed throughout the study period. Study designs need to include several years of before
and after mitigation and the mitigation should remain unchanged to adequately assess
mitigation effectiveness.
Nonetheless, the significant increase in the number of turtles found on the road in 2014 after
installation of the temporary fence suggests that the temporary fencing was not effective at
excluding turtles from the road. This is likely because the fence did not span all of the turtle
habitat and there were unnoticed holes in the fence. It is recommended to implement
continuous high quality fencing that spans the entire habitat plus a buffer zone along the road,
combined with annual maintenance to ensure fence integrity.
In some cases fencing cannot span the entire length of high quality habitat due to obstacles
such as driveways as found at both the east and west fence-ends along this hotspot. In these
cases it is recommended to install additional measures at driveways such as excavated tunnels
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with top grates that funnel turtles under the driveway or secondary road. Fencing should then
continue on the other side of the driveway.
A significant association was not found between temperature and rainfall and the number of
turtles found on the road as previously found on Highway 69 (Eco-Kare International 2016b).
This study showed a predicted 15 % increase in the number of turtles on the road for each
additional mm of rainfall. Future analyses of turtle road observation data should include both
temperature and rainfall, information easily obtained from Environment Canada. These factors
may help to explain between year variability of turtles and other reptiles found on roads in
Ontario.
3.2.1.5 Highway 6
3.2.1.5.1 Methods
The site where reptile exclusion fencing was placed was located where snakes, specifically the
Massasauga Rattlesnake (Sistrurus catenatus) (Stinnissen 2015) were found dead on the
highway in higher numbers than adjacent road sections in reoccurring years. This section of
highway bisected two wetland areas where many other species of reptiles and amphibians have
also been sited along the right-of-way. These species include Snapping turtle (Chelydra
serpentina), Painted Turtle (Chrysemys picta), Smooth Greensnake (Opheodrys vernalis),
Eastern Gartersnake (Thamnophis sirtalis sirtalis), Ribbonsnake (Thamnophis sauritus),
Northern Watersnake (Nerodia sipedon), and Leopard frogs (Lithobates pipiens).The total fence
installed was approximately 325 m on both sides of the highway with maximum fence length on
the south side of 173 m (Eco-Kare International 2014).
The monitoring period and frequency overlapped with sampling effort completed as part of an
MSc project in 2012 and 2013 (Stinnissen 2015). From 2012-2016, the road mortality surveying
period varied in each year and was conducted between the months of April to October each
year. In 2012 surveys were completed from Jun 1 to Aug 30; in 2013 from Apr 1 to Sep 30 in
2014 and 2015 from Jun 1 to Sep in 2014; and in 2016 from Jul 1 to Sep 30.
It is recommended to survey for snakes daily because up to 56% of carcasses are undetectable
or gone within 24 hours (Stinnissen 2015). As part of this assignment (2014-2016) survey
frequency varied each year and ranged from surveys conducted every 1.07 to 1.55 days. The
goal of data collections at and adjacent to the fence was to evaluate effectiveness of the
current fence as well as to provide recommendations for future fencing in this area.
To evaluate fence effectiveness snakes found on the road were compiled from 2012 to 2016.
This allowed for comparison between two years before (2012 and 2013) and two years after
35

(2015 and 2016). To maintain consistency between months of data collection between years
only data between July 1 and Aug 28 2012-2016 were used for analysis. Next the study area was
divided into five 173 m sections of Highway: the fenced section (fence treatment), 2 fence-end
sections on either side of the fence section (fence-end treatment), and 2 unfenced sections
adjacent to the fence-end section (unfenced treatment).

Figure 8: Section treatments: fence, fence-end and unfenced for evaluation of reptile fencing
for snakes on Highway 6
3.2.1.5.2 Results
In total 36 snakes were found on the road in the study area from 2012 to 2016 (Table 7). Only
one of these snakes was found alive the rest were dead. Species of snake included Brown Snake
(Pseudonaja textilis), Milksnake (Lampropeltis triangulum), Eastern Gartersnake (Thamnophis
sirtalis sirtalis), Ribbonsnake (Thamnophis sauritus), Northern Watersnake (Nerodia sipedon),
and Massassauga Rattlesnake (Sistrurus catenatus). Eastern Gartersnake and Northern
Watersnakes were the most common. Four rattlesnakes were found after fencing was
completed: one in each of the southern and northern fence-end sections (Figure 9).
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Table 7: Summary of snakes found in study area during the entire monitoring season from
2012 to 2016
Year

2012

2013

2014

2015

2016

Total

Brown Snake
Eastern
Gartersnake
Massassauga
Milksnake
Northern
Watersnake
Ribbonsnake

0

0

3

0

1

4

1

2

5

3

2

13

2
2

0
0

0
0

1
1

1
0

4
3

4

0

3

1

2

10

0
9

0
2

1
12

0
6

1
7

2
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There is some indication of a fence-end effect where the number of snakes within fence-end 1
(most northerly section) increased dramatically following fence installation while decreasing in
the fenced section. The mean number of snakes at the most southerly fence-end 2 did not
change before and after fencing was installed. Neither of the unfenced controls showed any
noticeable change in the number of snakes following fence installation.

Mean Number of Snakes

1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
Unfenced 1

Fence end 1

Fenced

Fence end 2

Unfenced 1

Treatment
Before

After

Figure 9: Summary of mean number of snakes at unfenced, fence-ends and the fenced
sections of highway 6
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3.2.1.5.3 Discussion
The Highway 6 fence is working to exclude snakes from being killed on the highway along its
length. However, similar to the Highway 7 fence, there appears to be a fence-end effect at the
northern fence-end (Gunson et al. 2014). Two Watersnakes, two Gartersnakes and one
Massasauga were killed in this section. Although snake mortality did not increase at the
southern fence-end after fencing was installed, Massasauga Rattlesnakes have crossed this
section of Highway on two occasions.
It is recommended to replace the Highway 6 fence with a more permanent material, and to
extend the fencing several hundred meters north and south of the current fence-ends. A
priority is to extend the fencing along the northern section because wetland habitat exists on
both sides of the road. If fence extensions do not occur then at the very least, the fence-end
design can be improved by extending the fence-ends back towards the fencing in a U design.
Even with a fence extension Massassauga Rattlesnake road mortality may still occur due to
fence gaps at driveways and access roads that allow snakes access to the highway. It is
recommended to design and install Texas gate underpass systems at the driveways. If this is not
possible, then fencing should extend along the driveways or access roads for up to 25 m.

4 Traffic Speed Counters
4.1 Methods
Paired speed counters were installed at selected WHA sign locations on Highways 7 and 41
(2014 and 2016) and on Highway 62 (2015) in MTO ER (Table 8). In 2014, portable classification
counters that use 2 hoses at a fixed distance apart were installed by MTO ER Traffic Office at
both signs on Highway 7 and 41. In 2015 and 2016 a Highway Statistical Traffic Analysis
Recorder (HI-STAR unit number 4625; Photo 7:) was set up at both signs on Highway 62 (2015)
and both signs on Highway 7 and Highway 41 (2016) by an independent consultant.
The traffic counters were installed in 2014 and 2015 to assess whether speed reduction
occurred overall and at six WHA sign locations independently. On Highways 7 and 41 the speed
counters were placed three weeks before and three weeks after the signs were installed and 8
days of measurement before and after were obtained. On Highway 62 the counters were
installed two weeks before and two weeks after the sign was installed and 13 days of
measurement before and after were obtained (Table 8). Additionally, traffic counters were
installed at the same locations on Highway 7 and 41 in 2016 as in 2014 to assess whether traffic
speed decreased two years after sign placement. This was because it is hypothesized that
motorists may become desensitized to signs within a specific time period after placement.
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A standard sampling design was used to measure whether WHA signs affected motorist speed
from 2014 to 2016 (Figure 10). Four scenarios occurred at each WHA sign that entailed
measuring speed 500 m before (labelled as Control, i.e. before driving past the sign) and 200 m
after (labelled as Impact, i.e. driving past the sign). The speed was measured both before or
after the sign was installed (labelled as Before and After). As a result there are four scenarios of
traffic speed measurement that can be used in a robust Before-After-Control-Impact (BACI)
design (Figure 10).
The measure of comparison at each site is the differential in speed between the Control (500 m
before the sign) and Impact (200 m after the sign), before and after the signs were installed. It
would be expected that the change in driver speed after the sign is placed is less, i.e. lower in
magnitude (more negative/less positive), than the change in speed before the sign was
installed. A BACI design is robust because it isolates speed differences caused only by the sign
and not by other confounding factors such as road alignment, profile, or adjacent land use such
as commercial or residential dwellings. The only assumption is that there is not a change in any
of the confounding factors that may influence traffic speed during the before and after time
periods of the study.

Figure 10.Example of a traffic speed counter configuration showing the 4 scenarios of traffic
speed measurement
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Table 8: A summary of where and when traffic counters were placed on the selected Highway
41, 7 and 62 in East Region
Before
Sign
After
Station
Sampling
Installation Sampling
# Days
Objective
Period
Date
Period
8 days
17 Apr 14
Evaluate short-term
Highway 7 (EB
27 May 14 before and
speed reduction at both
to 24 Apr
14 May 14
and WB sign)
to 3 Jun 14 8 days
EB and WB sign
14
after
8 days
Evaluate long-term speed
17 Apr 14
Highway 7 (EB
27 May 14 before and reduction at both EB and
to 24 Apr
14 May 14
and WB sign)
to 3 Jun 14 7 days
WB sign 2 years after sign
14
after
placement
8 days
Highway 41
17 Apr 14
Evaluate short-term
27 May 14 before and
(NB and SB
to 24 Apr
13 May 14
speed reduction at both
to 3 Jun 14 8 days
sign)
14
EB and WB sign
after
8 days
Evaluate long-term speed
Highway 41
17 Apr 14
27 May 14 before and reduction at both EB and
(NB and SB
to 24 Apr
13 May 14
to 3 Jun 14 7 days
WB sign 2 years after sign
sign)
14
after
placement
14 days
Supplementary analysis
Highway 62
6 Jul 15 to
21 Jul to 2 before and to evaluate short-term
(NB and SB
20 Jul 15
13 days
speed reduction at both
19 July 15
Aug 2015
sign)
after
SB and NB sign
Two separate statistical tests were used to evaluate whether motorists reduced their speed in
response to encountering a WHA sign. First, speed data was pooled to assess a short-term
(within 2-3 weeks) speed change following sign placement. Next, a short-term and long-term (2
years after sign placement) assessment of speed change was evaluated at each individual WHA
sign independently.
For all signs seven consecutive days of traffic speed data that was collected two weeks before
and after sign placement (Hwy 62) and three weeks before and after sign placement (Hwy 7 and
41) was used. The seven day monitoring period served two purposes. As some signs were
monitored for seven days and some for eight, using a seven day period for analysis made all
results comparable. Furthermore, as traffic patterns fluctuate based on day of the week, using a
full week of consecutive days means that all signs are sampled equally (i.e. no sign has two
traffic heavy Saturdays that could skew the results).
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To test for an overall short-term speed reduction data was pooled from the following five
locations: Highway 7 eastbound (7 EB), Highway 7 westbound (7 WB), Highway 41 southbound
(41 SB), Highway 62 northbound (62 NB) and Highway 62 southbound (62 SB).
A two-way analysis of variance (ANOVA) was applied to the pooled data using the model
depicted below:
Speed Differential ~ Period + Sign + (Period x Sign)
where Speed Differential is the speed recorded 200 m after the WHA sign (IMPACT) minus the
speed recorded 500 m before the sign (CONTROL; therefore positive values mean the motorist
went faster and negative values mean they slowed down), Period is the time relative to WHA
sign placement (either before or after), Sign is the uniquely identified WHA sign (i.e. 7 EB) and
Period x Sign is the interaction between those two terms that measures different responses to
the signs based on different locations.
Following the overall test for speed reduction, two sample t-tests were applied to each
individual WHA sign. At signs 7 EB, 7 WB, 41 NB and 41 SB both short-term (two weeks after
sign placement relative to two weeks before, 2014), and long-term (two years after sign
placement relative to two weeks before, 2016) speed reduction at signs was tested (Table 8). At
signs 62 SB and 62 NB, traffic speed was only recorded in 2015, therefore only a short-term
comparison was conducted. The t-tests evaluated whether the Speed Differential changed
before and after placement.

4.2 Results
The two-way ANOVA test showed that there was a significant interaction between Period and
Sign (F4,60 = 10.39, p < 0.001) indicating that motorists responded to signs differently at each
individual sign. Therefore evaluation of speed change at each individual sign was evaluated
independently (Table 9; Figure 11).
In the short-term, signs installed at Highways 7 WB, 41 SB and 62 SB showed that motorists
went slower after driving by the sign. At both the Highway 7 WB and 62 SB signs, motorists
went faster 200 m after the sign location, but this was significantly less after the sign was
installed. This is depicted in Figure 11 B and Figure 11 F, and Table 8, where the positive slope
and speed differential two weeks after sign installation is less. At the Highway 41 SB sign,
motorists went slower 200 m after the sign location, and this decrease in speed was
significantly more after the signs were installed. This is depicted in Figure 11D and Table 8
where the negative slope and speed differential two weeks after is greater.
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Motorists did not show a significant short-term response to the WHA sign at the Highway 7 EB
sign location (Figure 11A). At the Highway 41 NB sign, motorists went faster 200 m after the
sign location and this was significantly more two weeks after the sign was installed (Table 8;
Figure 11C). However, this result appears to be due to an error in data collection two weeks
after sign placement 200 m after the WHA sign. This is because of the sheer increase in speed
of 16.7 km/hr in the 700 m stretch of highway (Table 8). Furthermore, the increased speed
measured 200 m after the WHA sign before and after sign placement was not seen at any of the
other three speed counter locations on Highway 7 (Figure 12).
A significant long-term speed reduction (two years after) was measured at three of the four
WHA signs placed at Highway 7 WB, Highway 41 NB and Highway 41 SB (Table 9; Figure 11). At
the 7 WB sign, motorists went faster 200 m after the sign location, but this was significantly less
after the sign was installed two years later (Figure 11 B). At the 41 SB sign, motorists went
slower 200 m after the sign location, and this decrease in speed was significantly more after the
signs were installed two years later (Figure 11 D). At the Hwy 41 NB sign, motorists slightly
increased speed even before the signs went up and greatly decreased speed two years after
(Figure 11C). Only the WHA sign at 7 EB showed an opposing result to a speed reduction.
Motorists decreased speed significantly less than two years after signs were placed (Figure
11A).
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Table 9: A summary of mean traffic speed obtained from traffic speed counters at paired signs on Highways 41, 7, and 62. Yellow
highlighted cells are a significant speed reduction after the signs were placed.
Two-Three Weeks Before Sign
Two Weeks After Sign Placement Two Years After Sign Placement
P-value
Placement
Sign
Speed
Speed
Speed
ShortLongCONTROL IMPACT
CONTROL IMPACT
CONTROL IMPACT
Differential
Differential
Differential
term
term
7 EB
95.3
86.8
-8.5
99.3
88.2
-11.1
96.9
94.4
-2.5
0.26
0.008*
7 WB
91.1
95.3
4.2
106.8
109.7
2.9
94.2
94.7
0.5
< 0.001* < 0.001*
41 NB
87.8
89.2
1.4
78.1
94.8
16.7
101.2
88.6
-12.7
< 0.001* < 0.001*
41 SB
102.3
98.4
-3.9
99.9
91.7
-8.2
88.5
79.6
-8.9
< 0.001* < 0.001*
62 NB
95.9
92.0
-3.9
90.1
88.6
-1.5
< 0.001*
62 SB
88.7
94.3
5.6
88.3
92.7
4.3
< 0.001*
*denotes statistical significance
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Figure 11: A summary of mean speed (km/h) at each traffic speed counter on three highways at paired signs, two weeks before,
two weeks after and two years after, 500 m before (CONTROL) and 200 m after (IMPACT) each WHA sign placement
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Figure 12: Summary of mean speed measured at the NB and SB WHA signs on Highway 41.
The purple line depicts an increase in traffic speed not seen at the other signs. The differential
between the purple and red line, two weeks after sign placement, depicts the magnitude of
increase in speed 500 m before and 200 m after WHA signs at the Highway 41 NB sign.

4.3 Discussion
This study looked at whether the change in speed (speed differential) was less in magnitude,
i.e. more negative, or less positive before and after the signs went up in the short-term and in
the long-term. In the short-term (2-3 weeks after the signs were installed) motorists slowed
down at three of the six WHA signs. In the long-term (2 years after signs were installed)
motorists slowed down at three of the four WHA signs. These results show two things:
motorists respond to WHA signs by slowing down but this is not the case at all the signs.
An explanation as to why motorists may slow down more at some signs than others could be
due to visibility. Obviously the motorist does not see the sign before placement, but in order for
the BACI design to work a motorist must see the sign after placement, because the objective of
this study is to measure whether there is a speed reduction response after SEEING the sign.
Roadside vegetation or road profile and curvature may affect speed and therefore the ability
for a motorist to notice a sign.
While conducting the motorist surveys it was noted that passengers often pointed out the sign
to motorists, which then likely initiates a speed reduction response from the motorist as the
motorist looks at the sign. If detectability of the sign is lower, then this indirect motorist
response was also less likely.
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It is unclear why motorists did not show a speed reduction at the Highway 62 NB sign that was
placed at a straight section of road. There are likely other factors that are affecting visibility and
response to seeing a sign, such as roadside features, e.g. trees or cliffs that affect sign
placement in relation to motorist line of sight. A short-term speed increase at the Highway 41
NB sign is likely due to an error in data collection.
Other studies have also shown a reduction in speed in response to wildlife signs. Sullivan et al.
(2004) showed a 50 % reduction in speed in response to deer signs with flashing lights when
motorist speed at signed and unsigned sections of road were compared. Al-Ghamdi & AlGadhi
(2004) also showed a reduction in motorist speed in response to large camel signs when speeds
were compared at varying distances before and after sign placement.
In contrast to the above studies, this study is the first to use a rigorous study design that
controls for all confounding factors that may affect speed other than the sign itself. Al-Ghamdi
& AlGadhi (2004) controlled for confounding factors by selecting similar roads that were level,
were in good condition and had no adjacent human activity. Sullivan et al. (2004) selected road
sections within wildlife corridors with similar vegetation and landscape characteristics but not
necessarily the same road profile.
Motorist speeds greatly varied along the 700 m sections of highway studied. This indicates that
other factors, in addition to the presence of a WHA sign, are contributing to changes in speed
along highways. Motorist speed changes in relation to comfort level, i.e. visibility due to
adjacent habitat, weather, or highway alignment and vertical profile. These results lend strong
support for use of a BACI design for evaluation of the effect of a WHA sign placement on
motorist speed. A properly conducted BACI design eliminates changes in speed due to other
factors other than the sign itself.
This is also the first study to show a significant speed reduction two years after sign placement.
Sullivan et al. (2004) observed a speed response after one year of placement but this was not as
strong as in the first year. These results lend support that motorists do not necessarily
desensitize to signs over time. However it is important to note that the majority of motorists
driving by the signs are likely tourists, and not commuters, and therefore only drive by the WHA
sign every now and then rather than often. Further, the WHA signs have only been placed in
three locations in Eastern Ontario, so the likelihood that motorists have habituated to turtle
signs is less likely than the ubiquitous deer and moose signs used often and for many years on
provincial highways.
This study measured a reduction in speed when the sign is first noticed, i.e. 200 m after seeing a
sign and did not measure how long this speed reduction occurred. Al-Ghamdi & AlGadhi (2004)
showed that the speed reduction response to camel signs occurred up to 500 m after seeing the
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sign and dissipated at 1000 m after the sign, however was unsure whether the magnitude of
speed reduction was enough to reduce motorist collisions with camels. This study was not able
to support that the speed reduction was linked to a reduction in turtle-collisions, but showed
some evidence of a reduction in snake-collisions within 1000 m of seeing a WHA sign (Section
3.2.1.2).

5 Motorist Surveys
5.1 Methods
Motorist surveys were first developed in 2014 as part of the MTO WMPAT assignment (MTO
Wildlife Mitigation Program Analysis and Tools (WMPAT) 2015). Subsequently, the survey was
improved each year in 2015 and 2016 (Appendix C). Improvements were based on experience
from conducting the survey, as well as from expertise of several key individuals: K. Munro, EcoKare International, and independent consultants Tomas Smahel, Human Factors North
(http://www.hfn.ca/) and Heather Sadler, EcoVue Consulting.
Surveys were conducted annually (2014-2016) between the months of June and October.
Surveys targeted general stores, gas stations, chip trucks, and ferry terminals that were within
5-10 km of where motorists would have driven by a WHA sign. The number of surveys,
locations, and highways included in the survey are summarized below (Table 10).
The motorist of the vehicle was targeted in order to maintain consistency of responses and
because motorists are more likely to see roadside signage while driving a vehicle. Only
motorists that were not engaged in other activities were approached, i.e. had the ‘time’ while
waiting for food or a ferry.
When a motorist was approached, the general purpose of the survey was stated, and the
motorist was given the opportunity to decline the survey. The sex and age of driver within five
age classes from 16 to 65 was then estimated by the surveyor (Appendix C.1). To ensure
independent responses, surveys were conducted only with individuals who had not overheard
surveys being conducted with other participants.
After the motorist confirmed they had passed a WHA sign, the survey was conducted in three
sections to establish whether:
1) Motorists noticed and how they responded to WHA signs (Part 1);
2) Whether motorists thought signs and or modifications such as flagging and flashing
lights, are effective at reducing turtle road mortality (Part 2) and;
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3) Whether motorists are aware of road mortality threats to SAR turtles and snakes (Part
3).
The first part of the survey was intended to evaluate whether a motorist saw the MTO WHA
sign and evaluate their response to seeing the sign. First, the motorist was asked if they saw a
wildlife sign on the side of the highway. If yes, the motorist was then asked what type of animal
was on the sign. Whether they answered turtle or snake correctly, the motorist was then shown
various pictures of turtle and snake awareness signs used on roads in Ontario (Appendix C.2)
and asked to select the sign that they saw. As a supplementary question to these questions the
motorist was asked how they responded to seeing a deer or moose sign. The intent was to
compare this response to the response of seeing a snake or turtle sign.
The next part of the survey was to evaluate whether motorists were aware of turtles and
snakes on roads, whether they knew that snakes and turtles were declining in Ontario, and
whether they knew road mortality was a cause for this decline.
As a last part of the survey, motorists were asked whether they thought signs, signs with flags,
and signs accompanied with an education and awareness campaign would improve the ability
of a motorist to avoid hitting a turtle or snake on the road. These questions were phrased with
a categorical response: Much More Likely, More Likely, or No More Likely. The motorist was
then asked if they would like a pamphlet that provided information about why WHA signs are
being used on provincial roads (Appendix C.3).
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5.2 Results
Some motorists appeared wary when approached to complete surveys, however when they
were informed of the topic and assured it would only take about 2-5 minutes of their time, the
majority were happy to participate. Not all surveys were completed in their entirety because
when a motorist did not have time or appeared uninterested, only section 1 or a portion of
section 1 was completed. In other cases, when the motorist did not drive by the sign or if they
did not see the sign, the surveyor advanced directly to Question 6. As a result each question
does not have a similar number of responses and all proportions are calculated from the
number of responses received.
In the three years of monitoring a total of 416 surveys were completed (Table 10). In 2014, 172
surveys were conducted from 9 June and 9 September, in 2015, 123 surveys were conducted
from 13 June to 14 October and in 2016, 120 surveys from 24 June to 02 October. Of the
surveys conducted, 68.7% were male motorists and 26.9% were female motorists. Further, the
motorists were represented in three main age classes: 19.2% were from 16-35; 52% were from
36-55 and 23.3 % were greater than 56.
Seventy-two percent of surveys were conducted where WHA turtle signs were placed, and 28%
where snake signs were placed (Highway 6). Very few surveys were conducted at Highway 118
in 2014 due to logistical constraints. Surveys were concentrated at Kaladar chip truck and
general store, Callander general store, and Restoule general store for turtles, and Tobermory
ferry terminal for snakes (Table 10).
Table 10: Summary of motorist surveys conducted on MTO Highways with WHA signs from
2014 to 2016
Location and
Station Type
Turtle Surveys

Highway Animal

Year

Total Surveys
(Proportion)

Kaladar: Chip
Truck & General
Store

7

Turtle

14,15, 16

65 (0.16)

Kaladar: Chip
Truck & General
Store

41

Turtle

14,15, 16

80 (0.19)

Intersection of
Hwy 118 and
35:Gas Station

118

Turtle

14

8 (0.02)

Comments
Signs were periodically
checked prior to
survey to ensure not
stolen
Signs were periodically
checked prior to
survey to ensure not
stolen
Only a few surveys
were conducted
because few motorists
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and General
Store

driving EB past sign

Grundy
Provincial Park:
General Store

522

Turtle

16

17 (0.04)

Callander:
General Store

654

Turtle

14,15

87 (0.21)

Restoule:
General Store

534

Turtle

16

41 (0.09)

Snake

14,15, 16

118 (0.28)

Surveys conducted to
supplement surveys at
Kaladar that were
difficult to complete
due to stolen signs
Not completed in 2016
because Hwy 654
under construction
Conducted in 2016 to
replace Callander
general store (Hwy
654 under
construction)

Snake Surveys
Tobermory: Ferry
6
Terminal
Total

416

Conducted solely for
snakes

To create summaries and conduct statistical analyses on the survey data, all survey questions
were coded to specific variable names and proportions for each categorical response were
quantified. A Fisher’s Exact Test was used to compare if the proportions of one variable were
similar to the proportions for another variable. A Spearmans Rank Correlation was used to test
whether two measurement variables co-vary, in other words when one response increases
does the other tend to increase.
When a motorist answered yes to seeing a wildlife sign, 81% correctly identified ‘turtle’ as the
animal type and 77% correctly identified ‘snake’ as the animal type while 17% said that it was a
deer or moose sign. A new variable called ‘WHA sign notice’ was created to determine if a
motorist actually saw the WHA snake or turtle sign (as opposed to a moose or deer sign). Two
variable responses were grouped. The first was if the motorist said ‘yes’ to observing a wildlife
sign and identified the correct type of animal (turtle or snake). The second was if the motorist
said ‘no’ to observing a wildlife sign or answered the type of animal incorrectly, e.g., moose or
deer but when shown the sign picture sheet and asked if they saw any of these signs they
correctly identified one of the turtle or snake signs on the sheet (Appendix C.2). All other
responses were coded as a ‘no’.
Significantly more (p < 0.001, Fishers Exact Test) motorists noticed a WHA sign at the turtle
survey locations than at the snake survey location on Highway 6 (Table 1). When motorists
drove by a turtle sign, 195 out of 288 (67.7%) saw the turtle sign compared to 55 out of 114
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(48.2%) who drove by a snake sign (Figure 13 B and C). When all data was pooled 62% of
motorists noticed the WHA sign (Figure 13 A). As a secondary verification test, of the motorists
that were shown the various sign pictures, 86% and 92% identified the correct WHA sign for
turtles and snakes respectively. Of the motorists that answered no to seeing a wildlife sign or
said they say a moose or deer sign, 33% and 31%, identified the correct WHA sign picture for
turtles and snakes respectively. This result indicates that motorists may not have remembered
seeing the sign at first, but when presented with a visual image in some cases their memory
was jogged.
The gender of the motorist did not affect the ability of a motorist to notice the WHA sign for
both turtles, snakes, and for both animal types (p>0.2, Fisher’s Exact Test). The age class of the
motorist did not affect the ability of a motorist to see the WHA sign for turtles, and both animal
types together, but did affect the ability of a motorist to see the WHA sign for snakes (p=
0.003). Motorists that ranged in age from 35-45 were more likely to see snake signs (43%) than
those in other age classes.
The question evaluating motorist response to seeing a WHA turtle, snake or moose and deer
sign was open-ended so all responses were grouped into the more common categories for
snakes, turtles, both animal types and for deer and moose signs:
1.

Nothing;

2. Looked around for animal type (snake, turtle, deer or moose);
3. Slowed down (did NOT look around for animal type);
4. Slowed down AND looked around for animal type;
5. Caution – High Alert;
6. Other.
The response of the motorist to seeing a snake, turtle, and deer and moose signs are
summarized in Figure 14. The response of a motorist to seeing a turtle WHA sign was different
than how motorists respond to seeing a moose or deer warning sign (P = 0.089, Spearman Rank
Correlation). Specifically, 12% of motorists responded that they use caution and high alert when
seeing a deer or moose sign while no motorists responded similarly to seeing a WHA snake or
turtle sign.
The most common response to seeing a turtle sign was to look around for turtles (46%) (Figure
14 A), while the most common response to seeing a snake sign was to do nothing (47%) (Figure
51

14 B). When including ‘other’ category, motorist response to seeing a WHA snake sign was
more varied than the response to seeing a turtle sign. Eighteen percent of the motorists’
responses to seeing a turtle WHA sign were grouped into the other category while 67% of
responses to seeing a snake sign were grouped as other. Comments on the WHA turtle signs
included ‘happy to see the sign’ or ‘thought that it was interesting,’ while comments on the
WHA snake signs were more of confusion or wonderment as to why the sign was there, or
some thought the sign was there to warn people that snakes were in the area.
For turtles, 35% of motorists were aware that Ontario’s turtle species were in decline and this
influenced both the ability to notice and the response to a WHA turtle sign (p = 0.018, p = 0.002
respectively, Fisher’s Exact Test). Notably, 12 of 55 (21.8%) motorists who were aware of turtle
decline slowed down and looked around compared to 10 of 93 (10.8%) people who were
unaware. Sixty-six of 80 (82.5%) motorists who were aware of turtle decline reported seeing
the sign compared to 95 out of 152 (62.5%) who were unaware. The same relationships were
not seen for snakes, but surprisingly 58% of motorists were aware that many of Ontario’s
snakes were in decline even though fewer motorists had seen snakes (58%) than turtles (80%)
on the road before.
Motorists were asked in three separate questions whether WHA signs alone, WHA signs with
flags, and WHA signs with an education and awareness campaign were much more likely, more
likely, or no more likely to reduce vehicle collisions with a turtle or snake at each relevant
survey station. There were 129 motorists that were asked all three of these questions. Motorist
evaluation of WHA signs versus WHA signs with an education component were the least
correlated (P = 0.163, Spearman Rank Correlation), followed by education and flag (P=0.260)
and WHA sign and flag (P=0.369). Thirty percent did not think that WHA signs would be helpful
in reducing the risk of road-kill, but of these 21 or 54% and 30 or 77% thought that flags, and an
education campaign respectively would be either much more likely or more likely to reduce
collisions with reptiles.
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Figure 13: Number of motorists that noticed a A) WHA sign, B) a Turtle WHA sign and C) a Snake WHA sign
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Slowed
down
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Caution
- High
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Nothing
33%
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B

Slowed
down and
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12%
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Caution High Alert
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Nothing
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around
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Caution High Alert
12%

Nothing
6%

Slowed
down and
looked
around
27%

Looked
around
39%
Slowed
down
16%

Figure 14: Response (grouped into 5 categories) of motorists to seeing a A) WHA turtle sign, B) WHA snake sign or C) a deer or
moose sign
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5.3 Summary and Discussions
In each year of survey, the motorist survey was improved and all data was compiled to provide
the most meaningful results. Collectively, the main results are summarized below with some
discussions to understand the result in context of WHA sign evaluation. This survey is the first
of its kind, therefore comparisons to other studies is difficult and linking survey results to WHA
sign effectiveness is challenging. However, in the Recommendations section, results from all
three components are linked to provide the most informative evaluation of WHA signs.
Historically, deer and moose warning signs have been used ubiquitously on roads in North
America and there is concern that motorists have become desensitized to their message
reducing overall effectiveness. The survey results indicate that motorists are noticing the WHA
turtle and snake signs at least 62% of the time, while only 17% of motorists responded to seeing
the more common deer and moose signs and not the WHA sign. The ability to notice the WHA
sign is likely because they are novel and relatively new on Ontario’s roads and motorists do not
expect to see this type of sign while driving. For example, several motorists did not know there
were snakes in Tobermory and typically a conversation of interest was initiated between
passengers and surveyor.
The results appear to indicate that motorists noticed turtle signs more than snake signs,
however this is likely because of the survey location rather than the sign itself. The majority of
the snake surveys were conducted at the Tobermory ferry terminal to target the early morning
motorists waiting to board the ferry. These motorists had either driven through the night or
had stayed overnight in Tobermory. In each of these cases, either the motorist would have
driven by the snake sign the day before, and or the motorist drove by the sign in the dark after
being in the vehicle for several hours due to the remoteness of the site.
The surveys lend support for the inclusion of an education and awareness component in the
WHA sign use strategy. This was evident in several results from the survey. First, in
approximately one-third of the cases motorists remembered seeing the sign when shown a
picture. Second, when motorists were more aware of ‘turtle decline’ in Ontario, they were
more likely to see a turtle WHA sign and more likely to slow down and look around for turtles.
And last, of the 30% of motorists that did not think signs alone would reduce vehicle avoidance,
70% thought education with signs would reduce vehicle collisions.
Surprisingly more motorists were aware that many of Ontario snake species (58%) were in
decline when compared to the same questions asked for turtle species (35%). Conversely, more
motorists had previously seen turtles on the road than snakes. It is possible, that because
observing a turtle on a road is a more likely occurrence possibly because they are easier to see,
motorists may think that turtles are more common than snakes.
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While conducting the surveys, there appeared more confusion to the message conveyed with
the snake sign than the turtle sign. This was also confirmed by the fact that motorists were
more aware that snakes were in decline but did not respond to snake signs in the same way
(slowed down and looked around) that aware motorists did to turtle signs. An education and
awareness campaign would likely assist in eliciting the desired response of motorists to WHA
signs.

6 Sign Theft
There have been 15 separate incidences of sign theft (17 signs total) at the signed sections of
highway over three years of monitoring (Table 11). This means each sign was stolen 1.2 times,
or has a 40% chance of being stolen one time per year. Stolen signs did not impact monitoring
because in most cases they were replaced before the onset of the road monitoring period.
Further, the presence of signs was checked prior to conducting motorist surveys, and if stolen
than the surveys were not conducted.
Table 11: Overview of noticed sign theft at each highway from 2014 to 2016
Hwy Date Signs
Sign
Other comments
Noticed Stolen
Location
Eastern Region
62
16-Sep-15; 29SB; SB
Two signs stolen on this highway, both replaced
Jun-16
7
Apr-15; 1-MayBoth, WB,
Four signs stolen and all replaced
16; 10-Jul-16
WB
41
01-May-15; 31- NB, NB
Two signs stolen both NB and both replaced
May-16
Northeastern Region
522 16-Jul-14; 19WB; both;
Four signs stolen and all replaced
Jun-15; 01-Jun- EB
16
534 01-Jul-16
EB
One sign stolen and no request to replace sign because
surveys completed
654 01-May-14
EB
One sign stolen and replaced
West Region
6
19-May-15; 29- Both, NB
Three signs stolen. In 2015 signs replaced in Jul-15; In
Sep-16
2016 no sign request for replacement because surveys
complete but sign noticed replaced
17 WHA signs total
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7 Conclusions and Recommendations
This study showed that motorists initially reduce speed when seeing a WHA sign and that the
signs are noticed by up to 60% of motorists. Further, there is preliminary evidence that signs
may reduce road mortality for snakes, but results are inconclusive for turtles. Collectively, these
results lend support for the use of WHA signs as a tool for reducing vehicle collisions with
turtles and snakes. However, there are several caveats for implementation that would improve
effectiveness. These include:
● Signs should be placed strategically for the intended target species, e.g. at rigorously
defined hotspots, to avoid de-sensitization of motorists to signs (Gunson & Schueler
2012);
● WHA signs should be used as a temporary measure until more permanent measures
such as reptile exclusion fencing and crossing structures can be implemented;
◘ Fencing should only be implemented when all the habitat of the target species can
be encompassed; it may be possible to use a combination of WHA signs with
fencing;
● Sign placement should be at selected species mortality locations, and should be placed
for optimal motorist visibility, e.g. flat and straight sections of road with no trees;
● An education and awareness campaign should be included with tools such as motorist
surveys, radio ads, information at rest stops, etc. that explain the use of WHA signs;
● Flags or flashing lights (see examples in Pojar et al. 1975; Jørgensen & Wentzel-Larsen
1999; Hedlund et al. 2004) would increase detectability and MAY also elicit a more
aggressive response to signs;
● Theft deterrent is required for all WHA signs and these can include:
◘ Lock sign to a cement anchor;
◘ Place sign into cement base at road shoulder;
◘ Place sticker on back of sign with information on the purpose of the sign; where to
obtain a sign; or that the sign is under video surveillance;
◘ Grease nuts so difficult to loosen with wrench;
◘ Use one-way nuts that require a special tool to loosen.
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Appendix A Species List
Table 12: List of Species at Risk turtles and snakes that are targeted for WHA sign placement
Species

Latin Name

Short
Name

SAR
Listing

Road
NHIC
Provincial Distribution
Mortality data
Threat
obtained

Blanding's
Turtle

Emydoidea
blandingii

Bltu

THR

Yes

X

Widespread across Georgian Bay to Ottawa on the Canadian
Shield and Frontenac axis to Niagara Region

Northern Map
Turtle

Graptemys
geographica

Nmtu

SC

Yes

X

Lakes

Snapping
Turtle

Chelydra
sperpentina

Sntu

SC

Yes

X

Widespread

Spiny Softshell

Apalone spinifera

Sptu

THR

No

X

Lakes

Stinkpot

Sternotherus
odoratus

Sttu

THR

Yes

X

Lakes

Wood Turtle

Glyptemys
insculpta

Wdtu

END

Yes

X

Sparse in northern locations; isolated pockets

Spotted Turtle

Clemmys guttata

Sptu

Yes

X

Widespread in isolated pockets

Butler’s
Gartersnake

Thamnophis
butleri

Busn

THR

Yes

X

Sparse; isolated pockets

Eastern
Foxsnake

Pantherophis
gloydi Georgian
Bay

Fxsn

END

Yes

X

Dispersed across Georgian Bay (Township of Archipelago;
Parry Sound District; District Municipality of Muskoka; County
of Simcoe)

Turtles

Snakes
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Species

Latin Name

Short
Name

SAR
Listing

Road
NHIC
Provincial Distribution
Mortality data
Threat
obtained

Eastern
Foxsnake

Pantherophis
gloydi Carolinian

Fxsn

END

Yes

X

Dispersed across western Ontario (County of Essex; Norfolk
County; County of Lambton)

Eastern Hognosed Snake

Heterodon
platirhinos

Hnsn

THR

Yes

X

Dispersed across Western Ontario (County of Elgin, Middlesex,
Oxford, Lambton); and Central/Eastern Ontario (County of
Haliburton, Renfrew, Simcoe, Grey, Muskoka, Parry Sound,
Seguin, Hastings, Peterborough)

Eastern
Ribbonsnake

Thamnophis
sauritus

Risn

SC

Yes

X

Gray Ratsnake

Pantherophis
spiloides
Frontenac axis

Grsn

THR

Yes

X

Large population in County of Frontenac; County of Lanark;
United Counties of Leeds and Grenville

Gray Ratsnake

Pantherophis
spiloides
Carolinian

Grsn

END

Yes

X

Isolated populations in Regional Municipality of Niagara;
County of Elgin

Massasauga

Sistrurus catenatus Mass
Georgian Bay

THR

Yes

X

Dispersed across County of Bruce; Parry Sound District

Massasauga

Sistrurus catenatus Mass
Carolinian

THR

Yes

X

Isolated, historical populations across western Ontario (County
of Essex; Norfolk County; County of Lambton; Regional
Municipality of Niagara)

Milksnake

Lampropeltis
triangulum

Misn

SC

Yes

X

Queen Snake

Regina
septemvittata

Qusn

THR

No

X
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Appendix B Acronyms
Appendix B.1 Agencies
EPO

Environmental Policy Office (MTO)

ER

East Region, MTO

MNRF

Ministry of Natural Resources and Forestry

MTO

Ministry of Transportation

NER

Northeastern Region, MTO

NHIC

Natural Heritage Information Centre (part of the MNRF)

WR

West Region, MTO

Appendix B.2 Species at Risk (SAR)
END

Endangered Species

SAR

Species at Risk

SC

Species of Special Concern

THR

Threatened Species

Appendix B.3 Other Terminology
AOR

Alive on road

DOR

Dead on Road

WHA

Wildlife Habitat Awareness (sign policy)
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Appendix C Motorist Survey Documents
Appendix C.1 Motorist Survey Questions
Under the Endangered Species Act, in response to the negative impacts of motorist traffic on
several turtles and snakes in Ontario, the Ministry of Transportation (MTO) has created and
installed WHA signs that are intended to increase motorist awareness in locations on the
highway where a particular type of small animal may be sharing the road with vehicles. The goal
of this initiative is to reduce the number of animals struck on highways by vehicles at signed
locations. Please conduct this survey with motorists at the designated locations. Please select
both male and female respondents of varying ages.
Main Objectives:
● To measure what proportion of motorists notice the WHA sign (identification);
● To determine motorist response to the sign (e.g. slow down, make effort to look for
animals);
● To assess whether motorists were more likely to see the sign when enhanced with red
flags;
● To assess whether motorists understood the WHA sign (comprehension);
● To assess whether education and awareness makes signs more effective.
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Surveyor initials:______ Date:___/___/___ Time:______ Station:________Survey #:________
Gender:
Male
Approximate age:
16-25 25-35 35-45

Female
45-55

55-65

>65

1a. Do you live in this area?
 Yes: _______________________________
 No: _______________________________
1b. What highway and direction did you travel from?
Highway
Direction
If motorist did not pass sign go to question 7a
2. Did you see a wildlife road sign on highway
41/7/654/534 as you were traveling NB/SB/EB/WB
to this location?
Yes. Type of animal:_________________ (If
 correct animal go to 3a, if not 3b)
 No (If no go to 3b)
3a. Can you please identify the sign you saw on the
attached sheet?
 1
 4
 2
 5
 3
 None of the above
3b. Did you see any of these signs on highway
41/7/6/534/522 as you were traveling NB/SB/EB/WB
to this location?
 1
 4
 2
 5
 3
 No (Go to 5)
4. What did you do in response to seeing this sign?
 Nothing
 Looked around for turtles
Slowed down and did NOT look for
 turtles/snakes
 Slowed down and looked for turtles/snakes
 Other:_________________________

6. Have you ever seen a turtle/snake on or next to
the Highway before?
Yes
 Where:_______________________________
 No
7a. What is the likelihood that drivers would notice
and avoid running over a turtle/snake on a highway
when there are signs compared to if there were no
signs present?
 Much more likely
 More likely
 No more likely
7b. If flags were added to the WHA signs during
periods when turtles are more active, what is the
likelihood that drivers would notice and avoid
running over a turtle as compared to if there were
no signs present?
 Much more likely
 More likely
 No more likely
8. Are you aware that several of Ontario’s turtle and
snake species in are declining?
 Yes
 No
9. Are you aware that road mortality is a
contributing factor to their decline?
 Yes
 No
10a. If there was a brief education campaign in place
to inform drivers about the contribution of motor
traffic to the decline of turtles/snakes in Ontario,
what is the likelihood that drivers would notice and
avoid running over a turtle/snake on a highway
where there are signs?
 Much more likely
 More likely
 No more likely

5. In general, what do you do in response to seeing a
sign for deer or moose?
 Nothing
 Looked around
 Slowed down and did NOT look around
 Slowed down and looked around
 Other:_________________________
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Appendix C.2 Photos of Municipal and Provincial Turtle and Snake
Signs

Figure 15: Pictures that were shown to motorists as part of the motorist surveys
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Appendix C.3 Survey Pamphlet

65

Appendix D Photo Library

Photo 1: WHA turtle sign on Highway 41

Photo 2: WHA snake sign on Highway 6 (T. Stinnissen)

Photo 3: Blanding’s Turtle found dead on Highway 7

Photo 4: Snapping Turtle found nesing on Highway 7
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Photo 5: Conducting turtle WHA sign motorist survey
at Kaladar Chip truck in Kaladar

Photo 6: Conducting turtle WHA sign motorist survey
at Kaladar Chip truck in Kaladar

Photo 7: Highway Statistical Traffic Analysis Recorder
used to measure traffic speed on Highway 6

Photo 8: Portable traffic speed counter with hoses
used on Highway 7 (picture taken from internet)
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Photo 9: Installing Animex exclusion fencing on
Highway 7

Photo 10: Installing temporary exclusion fencing on
Highway 6
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