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Several roads in and around Bruce Peninsula National Park, e.g. Highway 6, Cyprus
Lake Road, and Dyer’s Bay Road, have been documented with exceptionally high
wildlife, namely herpetofaunal, road mortality. To address the issue, Bruce Peninsula
National Park is proposing to build a wildlife mitigation passage, or ‘herp tunnel’ with
supplementary measures, e.g. fencing and signage along Cyprus Lake Road. The
purpose of this report is to determine what and where these measures will be most
effective to reduce wildlife road mortality along the road.

We used rigorous statistical methods to analyse where herpetofauna, amphibians and
reptiles, were found alive or dead on Cyprus Lake Road. These methods included
measuring the scale of clustering or hotspot occurrence, and intensity of alive and dead
sightings along the road. Results show the majority of sightings occur along the first 3.8
km of road where several marshes and a large open expanse of water are close-by.
The majority of sightings consist of snake species, predominantly occurring in August,
and frog species predominantly occurring in July. The peak intensity of sightings
occurred at easting 456640 and northing 5005712 (UTM NAD 83), approximately 1390
m northeast of highway 6 junction.

It is recommended to place the ‘herp tunnel’ at the peak location with supplementary
fencing extending approximately 200-500 m along both sides of the road on both sides
of the passage. If there are budget constraints, then more inexpensive mitigation such
as signage in addition to seasonal speed bumps is recommended. Outreach and
education can be achieved through signage, brochures, and bulletin boards.

The recommended design for the underpass is a cement box culvert at least half a
metre wide by half a metre tall. Prefabricated tunnels with these approximate
dimensions (model AT 500) can be supplied by ACO Systems Ltd., located in
Mississauga, Ontario. The culvert has a slated top panel grate to allow for light and
moisture into the structure. The culvert openings should be extended beyond the road
clearance where the entrance is flush with the surrounding topography and fencing. It is
also recommended to use ACO entranceways that will facilitate connecting the tunnel to
fencing. Fencing can be purchased from ACO or constructed by park staff and
volunteers. Material should consist of a durable substance such as polyethelene plastic,
cement blocks, or galvanized mesh metal to reduce seasonal wear and tear and labour
hours for maintenance. Fencing should be placed at a slight angle to oncoming wildlife
movement, funneling them towards the culvert opening. The recommended height for
fencing is 0.5 m to hinder strong amphibian jumpers from jumping over the fence.
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Herpetofaunal road mortality is an on-going issue in Bruce National Park. Reed and
McKenzie (2009) found 247 dead snakes on 20.0 km of road from August 17" to
October 31% in the Northern Bruce Peninsula. Road mitigation measures, such as
specialized tunnels over and under the road, are increasingly used to alleviate the
numbers of wildlife killed on roads.

In conjunction with the campground revitalization fund, Bruce Peninsula National Park is
proposing to build a specialized tunnel (underpass) with associated fencing along
Cyprus Lake Road (approximately 6 km in length). This structure will provide safe
passage for wildlife across the road while also alleviating injury and fatality to wildlife
and oncoming motorists. In addition, the mitigation will provide a unique outreach
opportunity to educate the public about the threat of roads for wildlife.

The main objective of this project (contract # 45271059) with Bruce Peninsula National
Park is to provide rigorous recommendations for road mitigation planning on Cyprus
Lake Road. The objectives will provide informed input for: 1) Mitigation placement, and
2) Mitigation design using herpetofauna as the target species.

Dataset: We obtained several alive and dead on road herpetofaunal data sets for the
Bruce Peninsula National Park from Jeff Truscott (Bruce Peninsula database manager).
The datasets included records collected for the Ontario Herpetological Atlas and the
Natural History Information Centre (1983 to 1993). In addition records collected by Dr.
Fred Schueler (1973-1990), Melissa Tonge (2006), and Joe Crowley (2008) were
included. The datasets were filtered for herpetological records that were only on or
within 200 m of Cyprus Lake Road. If the record was repeated in more than one
database it was deleted. All records were collated and merged into one final dataset for
analysis (N=456). To account for spatial and temporal autocorrelation we deleted any
event that occurred within 500 m of each other on the same day for the same species
which reduced the dataset to 245 records.

Ripley's K Spatial Analysis: We used a Ripley’s K algorithm created in Matlab 7.1
(Mountrakis and Gunson 2009) to determine the peak scale (m) of clustering of
herpetofaunal sightings on Cyprus Lake Road. The Ripley’s K function can be
transformed into an L function that essentially compares the observed K-function to the
expected distribution under a random event process (Bailey and Gatrell 1981). A
confidence envelope (confidence intervals) can be generated from the generated
random point distributions. A comparison of the output from the observed versus
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random point distributions will determine if there is a statistically significant deviation
from randomness, e.g. clustering, randomness, or regularity. Observed intensity values
above the upper confidence envelope suggest clustering, those within the envelope
suggest regularity and those below the lower confidence envelope suggest
randomness.

Kernal Intensity Spatial Analysis:  We used a Kernel Intensity algorithm created in
Matlab 7.1 to determine where the peak intensity of herpetofaunal collisions occurred
along Cyprus Lake Road (Mountrakis and Gunson 2009). A weighted intensity per unit
length of road defined as the search distance is calculated. We generated intensities at
several search distances (e.g. kilometer) based on the peak clustering scale determined
in the Ripley’s K function (Mountrakis and Gunson 2009). The intensity value for each
unit length of road is weighted because the collisions closest to the midpoint of the
search distance have the highest weight and drops to zero as the collisions approach
the outer limit of the search distance. We used a bell-shaped quartic kernel function
(Bailey and Gatrell 1985) to calculate the degree of weighting over the search distance.

Temporal Analysis: We determined the frequency of wildlife-vehicle collisions by taxa
(snake, turtle, newt, salamander, frogs and toad) for each month.

Consultation : We presented a powerpoint presentation on June 2", 2010 to Bruce
Peninsula biologists, ecosystem scientists and park planners followed by 1 hour of
consultation and discussion.

The dataset (n=245) included in the analysis were frogs (N=114), Bull Frog (Rana
catesbeiana), Green Frog (Rana clamitans), Spring Peeper (Pseudacris crucifer), Gray
Treefrog (Hyla versicolor) and Northern Leopard Frog (Rana pipiens); toads (N=4),
American Toad (Bufo americanus); Snakes (N=105), Brown Snake (Storeria dekayi),
Common Garter Snake (Thamnophis sirtalis), Massasauga (Sistrurus catenatus), Milk
Snake (Lampropeltis triangulum triangulum); Turtles (N=7), Common Snapping Turtle
(Chelydra serpentina); Salamanders (N=12), Eastern Red-backed Salamander
(Plethodon cinereus), Four-toed Salamander (Hemidactylium scutatum), Jefferson
Salamander Complex (Ambystoma jeffersonianum-laterale "complex"), and Newts
(N=3), Eastern Newt (Notophthalmus viridescens).Figure 1 displays the proportions of
each herpetofaunal taxon.
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Figure 1. The proportion of each herpetofaunal taxon found
on Cyprus Lake Road.

The spatial distribution of the alive and dead on road herpetofaunal
sightings are displayed in Figure 2.
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Flgure 2. Cyprus Lake Road, allve and dead on road herpetofaunal
sightings, and surrounding natural features.
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Ripley's K Spatial Analysis:  Figure 3 shows the observed distribution of herpetofaunal
events along the road were clustered up to a distance of 5500 m, i.e. observed intensity
solid line occurs above the upper confidence envelope for the generated random
distributions (dotted line). However, peak clustering occurred at approximately 1900 m
(solid vertical line), suggesting the bulk of collisions occurred along a 3800 m or 3.8 km
stretch of road, i.e. the peak scale is doubled because it is calculated by counting
collisions on both sides of the road (see Mountrakis and Gunson 2009).
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Figure 3. Ripley’s K output showing the clustering scales of the observed (solid black
line) and randomly generated (dotted black lines) herpetofaunal sightings along the
road.

Kernal Intensity Spatial Analysis:  Figure 4 shows that the highest intensity of
herpetofaunal alive and dead on road sightings occurred at a distance of 1390 m (UTM
NAD 83 456640 5005712) along Cyprus Lake Road. This location is approximately 435
m south of the location (UTM NAD 83 456862 5006045) suggested by Tonge (2006) for
a herp tunnel. The location suggested by Tonge (2006) was heavily weighted towards
frog hotspots during surveys from June to August 2006. Our analysis adjusted for these
frog hotspot events by only including one record for multiple counts of frog mortalities in
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one location (within 500 m) on the same day. We used a search distance of 1900 m (the
peak clustering distance from the Ripley’s K analysis).
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Figure 4. Kernel Intensity output with 1900 m as the search distance. The peak intensity
of herpetofaunal collisions occurred at 1390 m (UTM NAD 83 456640 5005712).

Temporal Analysis: Figure 5 displays the frequency of frog and snake alive and dead
on road sightings. Summaries were not displayed for other taxa due to low sample size
(N<15). Frogs were most often killed or seen crossing roads predominantly in July and
August. Snakes were most often found on the road in August. Tonge (2006) reported
that Garter Snakes were predominantly found on roads in Bruce Peninsula National
Park in August and Massasaugas, Milk Snakes, and Red-bellied Snakes in July.
However, these results should be used with caution, although peak mortalities occurred
during high traffic volumes, these analysis assumes consistent monitoring during the
active season for these animals. However approximately half the frog and snake road
sightings were collected by Tonge (2006), and surveys were only completed from June
to September 2006.
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Figure 5. Summary of the frequency of frog and snake alive and
dead on road sightings for each month (April to October).

On June 2nd, 2010 we traveled to the park office in Tobermory, Bruce Peninsula
National Park to give a presentation on preliminary results and recommendations for
mitigation design and placement along Cyprus Lake Road. We consulted with
ecosystem scientists, naturalists, park managers and maintenance staff, etc. noting all
possible criticisms, and recommendations to the preliminary mitigation design.

Collectively, the Ripley’s and Kernel analyses show the major intensity and or clustering
occurs on the first 3.8 km of the road, therefore all mitigation should be concentrated
along this road section. This 3.8 km section is also where approximately 25/32 (78%) of
the Massasauga dead and alive sightings were found. It is recommended to place the
crossing structure where it will intercept movement by the majority of amphibians and
reptiles. This location was identified at 1390 m north east of the Highway 6 and Cyprus
Lake Road junction (Figure 2), approximately, easting 456640 and northing 5005712
(UTM NAD 83).

Fencing is required on either side of the structure and on both sides of the road. Long-
term maintenance is required as once fencing is breeched it loses its effectiveness.
Ideally, fencing should be placed along the entire 3.8 km section of road so animals
don’t enter the road right-of-way along the entire hotspot. However, this would create a
barrier effect and animals may then be funneled onto Highway 6. Therefore, to
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encourage connectivity while reducing animal vehicle collisions, supplementary fencing
should be placed at least 200 m up to 500 m on either side of the structure on both
sides of the road. This is a feasible length to maintain seasonally, concentrating
maintenance during the months of peak mortality risk, i.e. when animals are crossing
and traffic volumes are the highest. Construction, maintenance and monitoring can be
conducted by volunteers. Volunteers can patrol the fence and 3 km hotspot in July and
August carrying animals from one of the road to the other, especially during peak
movements, i.e. after rains and at night. For example, Figure 6a, shows a sign used in
the Netherlands that tallies the number of toads, frogs and salamanders that were
carried across a road by volunteers.

Complementary measures, such as cautionary road signage, traffic management, and
public outreach should supplement the ecopassage/fencing mitigation along the
hotspot. These measures would be most effective if timed strategically i.e. in July and
August when the majority of mortalities are occurring and or high traffic volumes exist.
This would entail targeting the road at the junction of Highway 6 and Cyprus Lake Road
and at ~approximately 2.5 km northeast of the junction. Specifically, measures should
include signage, reduced speed limits, and speed bumps temporarily placed in July and
August (Figure 6b). Case studies in Kejimkujik National Park using speed bumps has
shown motorists are more inclined to slow down and accept them if they know why they
are there (Heather Reed, Kejimkujik National Park, personal communication).
Educational signs and banners with slogans such as ‘Speed Bump Ahead to Ensure
Safe Wildlife Crossing’ would help achieve this (Figure 6c).

A study by Manitoba Conservation 2010 suggested that by reducing motorist speeds it
would be possible to reduce collisions between Red-sided Garter Snakes and vehicles.
To reduce motorist speeds Manitoba Conservation deployed signs on the section of
road where the Garter Snakes were migrating. Although there has been no noticeable
speed reduction in vehicles, the signs continue to be installed during migratory periods
to help build public awareness to reduce speed through the road corridor (Manitoba
Conservation 2010). Another case study in Algonquin Provincial Park showed signs
used alone were not effective in reducing wildlife road mortality, but they were more
effective with speed bumps (Brad Steinberg, Algonquin Provincial Park, personal
communication).
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Figure 6a. A sign in the Netherlands Figure 6b. Example of snake
showing how many toads, frogs and crossing sign used at the Narcisse
salamanders volunteers carried shake dens in Manitoba

across the road

Figure 6¢c. Example of temporary
speed bumps Beaver Lake, New
York

4. Ecopassage and fencing design

Box cement culverts are the most commonly used crossing structures for herpetofauna
in Canada. For example in Waterton National Park they used several 600 mm wide x
520 mm high box culverts along a road to target Long-toed Salamanders (Ambystoma
macrodactylum) (Figure 7a and b). Monitoring has shown that they are being used by
salamanders and other animals (Smith et al. 2009). Recently, in Ontario, Killbear
National Park and the Wild Rice Trail Association integrated a concrete box culvert
along a road in their jurisdiction (Figures 7c and d). All these structures included a
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slated grate at the top of the structure running at grade with the road pavement surface
(see examples in Figures 7a and 7d). This grate allows air, moisture and light into the
tunnel, which is more conducive to amphibian and snake movement. Several studies
have shown that a tunnel lined with solil at its base is also more hospitable for
herpetofaunal movement (Woltz et al. 2008; Lesbarres et al. 2004).

Figure 7a. Example of concrete box culvert | Figure 7b. Entrance of concrete box culvert
with gratings (ACO Wildlife) used in
Waterton National Park

Figure 7c. Wild Rice Trail Culvert, Six Mile | Figure 7d. Concrete box culvert with gratings,
Lake Killbear Provincial Park

There are several fence designs to consider and the chosen material and specifications
depend on budget, maintenance, and the target species. Fence height should be at

least 0.5 m tall to make it difficult for strong jumpers, e.g. Green and Leopard Frogs to

jump over the fence. Some examples of fencing material are galvanized metal cloth

(Figure 8a, b, h), cement blocks (Figure 8c), polyethelene plastic piping (Figure 8d),

wood fencing (Figure 8e), and cloth or silt fencing (Figure 8f). Galvinized metal hard

cloth has proven to be effective (Manitoba Conservation and Killbear Provincial Park,
personal communication) and requires some maintenance after damage in the winter

from snow plows. This fencing needs to be buried 6-8 inches deep and tied to t-bars. 10
Cement blacks are more permanent; but would most likely increase the initial
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implementation cost. Cut polyethelene culvert piping is also effective but is again labour
intensive during implementation (Waterton National Park, personal communication).
The worst material to use is silt or cloth fencing as the outside elements will quickly tear
down the material (Figure 8h).

All fence materials should be flush with the entrance to the culvert and at grade with the
surrounding terrain to allow easy access into the structure (see example 8a and c).
Figure 8e is an example where animals could escape between the culvert and fence.
Amphibian concrete tunnels, fencing, and entrance wings can be manually built from
raw materials (Figure 8a) or purchased from specialized companies (see
http://www.acousa.com/wildlife/tunnel.htm). Another consideration is to build the fencing
at an angle (Figure 8b and g) to intercept the animals in the direction they are traveling
and funnel them towards the tunnel entranceway (Jackson and Tyning 1989).

Figure 8a. Entrance way flush with fencing | Figure 8b. Galvinized metal cloth fencing ~ 40
and topography, Narcisse snake dens m in height, Narcisse snake dens

Figure 8c. Concrete block fencing used for | Figure 8d. High density polyethelene, cut black
culvert tunnel, Region of York corrugated piping, Waterton National Park

11
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Figure 8e. Metal culvert with wood fencing,
York Region

Figure 8f. Cloth fencing not adequate as a
barrier to wildlife movement, (used plastic ties
and gravel to weigh it down), Wild Rice Trall,
Six Mile Lake

Figure 8g. Black lines show fencing at a
gradual angle to funnel animals to the
culvert

Figure 8h. Fencing at Killbear Provincial Park

After consultation with Bruce Peninsula National Park staff, budget costs for mitigation
on Cyprus Lake Road are approximately $10,000. Taking this into consideration two

strategies from those listed above were selected as feasible options.

Park staff could opt for the use of a public outreach component, consisting of signs

along the 3.8 km stretch of road designated as a hotspot. However, it is highly

recommended that signs be used with seasonal speed bumps. Signs do not reduce
road-kill alone, but with speed bumps they were effective in reducing road-Kkill in
Kejimkujik National Park and in Algonquin Provincial Park. The effectiveness of these
measures is still experimental, and their ability to decrease mortality is not well-

established.




Parks Canada

Monitoring research has demonstrated that crossing structures with fencing are
effective at reducing road mortality, i.e. up to 80% in Banff National Park.

Therefore, we investigated the price tag on the structural materials for ecopassages
used elsewhere. In Killbear Provincial Park the price tag for eco-passage materials and
installation was approximately $50,000. The eco-passage was designed and fitted by
local engineers and contractors.

We then looked at ACO wildlife products in Mississauga Ontario, to determine if a
crossing structure was feasible within the budget (price list and product overview
submitted as .pdf). ACO wildlife products are recommended as their pre-design will
save costs, and monitoring in Europe, New England, and Waterton National Park has
shown successful crossings by salamanders, toads, and frogs (Smith et al. 2009).

For 8 m of road an amphibian tunnel (AT 500) would cost ~ $4,506. It is recommended
to purchase two amphibian tunnel entrances (total $970) to assist in attaching the fence
to the tunnel. Aco wildlife products charge ~$55.00 per meter of fence, therefore 1200 m
of fencing would cost ~ $6,600 which would exceed the budget. To keep the project
within budget, park staff can use volunteers and staff to construct the fence. Folks in
Killbear (see Appendix Il, and Figure 8h) and Waterton National Park (Figure 8d) also
constructed their fence using park staff and volunteers.

13
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Appendix I. Contacts for mitigation projects and mitigation designs
1. Killbear Provincial Park

Kenton Otterbein

Natural Heritage Education Leader
Killbear Provincial Park

Phone: 705 342 5492 x2223

Email: kenton.otterbein@ontario.ca

2. Waterton National Park

Barb Johnston

Ecosystem Scientist

Waterton Lakes National Park

Box 200, Waterton Park, AB, TOK 2MO
ph: (403) 859-5182

fax: (403) 859-2279
barb.johnston@pc.gc.ca

3. Wild Rice Trall

Anne Lewis
President: Six Mile Lake Conservationist Club
Email: sixmiler@yahoo.com

4. Narcisse Snake Dens, Manitoba
Dave Roberts

Wildlife Lands & Habitat Specialist
Manitoba Conservation

Central Region

Gimli, Manitoba

Phone: (204)642-6078

E-mail: Dave.Roberts@gov.mb.ca

5. ACO Systems Ltd.

Dinu Filip

PO Box 77280

Missisauga, Ontario
Phone: (905) 564 8733
Email: dfilip@aco-online.ca
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Appendix 1.

Kenton Otterbein’s email communication June 7", 2010-an account of 600 m fence
construction at Killbear Provincial Park

The second project involves an ecopassage and gacyimg snake fence that will allow a
different population of rattlesnakes to cross tlagy Dse road to access the necessary habitat on
both sides of the road (the passage is done bd¢ticeng isn't yet.) There will be approximately
600 metres of road that is fenced along both sifléise road directing the snakes to the passage.

As you can see the fence does not have to be vghyfdr rattlesnakes. - We use 7 foot or 8 foot
metal T posts cut in half and then pounded in afi8uhches (surprisingly we haven't hit any
rock yet). We space the posts every 10 feet owsphave opted to use a galvanized welded iron
mesh screen (some people call it hardware clotth) ¥iinch mesh. It's comes in 50 foot rolls
and is 3 feet high. - We try and have 2 feet stigkip out of the ground. We dig down about 6
inches and then put a 6" fold in the fence (fa¢hmgdirection the snakes might be coming from)
- so that they don't try and root their way undher fence. - | made the mistake of using white
cable ties to connect the fence to the posts thetiime but now use black cable ties because
they are more resistant to UV.

We rent a little tracked excavator with a 12" budket is able to wind its way through the trees
and cause very little damage. Backfilling the fersceritical.

In mid September | collapse a 10 foot section effince every 150 metres, so that other critters
can cross the fence. In mid May | go out to reffarfence. So far it hasn't been too bad. I just
have to replace some broken cable ties and movérahy that have fallen off the fence.

Usually the fence can just be pulled back uprighitsibeen hit by a big branch (it kind of
accordions down if hit). If | need to make a biggegpair | can just put a new section of fence in
and attach it with cable ties.

In a couple of spots I've been able to leave langes that reach over the fence so that
chipmunks and squirrels and raccoons can use thenos$s the fence. - | don't think rattlesnakes
are smart enough to figure out how to climb a binamat Foxsnakes might be able to.

| was talking to Emily about Foxsnakes and howfémee would have to be higher - and instead

of being vertical it would likely need to be at@degree angle (making an overhang over the
snhake) to prevent them from climbing.
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