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1. Executive Summary 
 
The Ontario Ministry of Transportation is proposing to extend the 407 transportation 
corridor from its current terminus at Brock Road to Highway 35/115, and to construct 
two north south links connecting Highway 401 with the extension. As part of the federal 
level comprehensive study the Ontario Road Ecology Group retained Eco-Kare 
International and Seburn Ecological Services to review pertinent reports submitted to 
the Ministry of Transportation as part of the IEA process. We then used relevant road 
ecology science and Geographic Information System analyses to provide further 
recommendations for the proposed wildlife mitigation measures along the 407 
extension.  Throughout the report we use a multi-species and cost-benefit approach as 
a rationale for our recommendations. 
  
We first reviewed the locations of crossing structures (span bridges and culverts) 
located where the proposed route bisected major linkages and watercourse drainage 
systems. Span bridges are proposed for all major linkage corridors except for at the 
east branch of the Bowmanville Creek (Crossing 64/65) and the Orono Creek Valley 
(Crossing 78). It is recommended to provide multiple culverts or upgrade to spanned 
bridges to maintain adequate wildlife permeability across the road at these locations. 
 
We supplemented evaluations conducted by the IEA to prioritize where mitigation 
measures are required along the eastern section of the main line and east link. We 
selected this region because of the requirement to maintain ecological function, 
biodiversity, and connectivity for natural heritage features in this region, e.g. Provincially 
Significant Wetlands, recognized by the Greenbelt, Provincial, and Municipal policy. We 
identified 4 key areas where mitigation is required to restore ecological function for 
habitat utilized by wetland-forest wildlife, e.g. amphibians (Gray Tree Frog) and reptiles 
(Blanding’s Turtle). In order to ensure ecological function is maintained along the east 
mainline and east link more measures for permeability are required. This can be 
accommodated with larger spanned structures including elevating the highway, and or 
clusters of crossing structures with fencing at identified locations. From an economic 
perspective, removing the north-south east link would obviously maintain ecological 
function while also decreasing the cost of road construction and mitigation. 
 
The majority of the crossing structures, with the exception of four dry passages are 
along identified creeks and tributaries. Expanded stream crossings that maintain natural 
creek banks along the water channel will facilitate movement for ‘dry’ terrestrial and 
aquatic movements.  In addition, when dry passages are not proposed animal shelving 
along culvert walls can facilitate movement for small mammals such as Meadow Voles.  
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Openness ratios (height x width/length) for specific animal groups, i.e. small animals 
were the main criteria to determine structural dimensions of the passages. It is 
recommended to use openness ratios with other landscape and road specific criteria, 
e.g., presence of streambed. Increased openness can be achieved with wider culverts 
providing creek bridge pathways. In addition, amphibian and reptile tunnels with a top 
grate with slated openings that allow light and moisture to penetrate the culvert have 
proved to be effective.  
 
Fencing will be used to funnel animals into designated crossing structures. It is 
recommended to provide fencing with adequately spaced crossing structures for the 
entire length of highway where the proposed road will bisect identified movement and 
natural areas, i.e. the east link segment in the greenbelt. Noise should be considered for 
breeding forest birds identified in forested block that are bisected by the proposed road. 
Noise barriers at least 3 m high can force birds to fly higher, avoiding collisions as well 
as mitigating noise. Forested road-sides and medians can also force birds to fly higher 
and lessen the barrier gap caused by roads for forest interior species. 
 
Monitoring should consider a Control-Impact design that measures population 
abundance at and away from sites along the road with mitigation. An effective 
monitoring design can provide an adaptive feedback mechanism for other road 
construction projects in Ontario. The 407 project team (practitioners and government) 
should consider an outreach component that will educate motorists, concerned citizens, 
and participating agencies about efforts undertaken by the Ministry to improve road 
impacts on wildlife. 
 

2. Background and Objectives 
 
The Ontario Ministry of Transportation is proposing to extend the 407 transportation 
corridor from its current terminus at Brock Road to Highway 35/115, and to construct 
two north south links connecting Highway 401 with the extension. The extension is 
herein referred to as the main line (approx. 49.9 km) and the two north-south links are 
referred to as the east link (approx. 10.5 km) and the west link (10.3 km), see Figure 1.  
 
On May 27th, 2008 the Ministry of Transportation initiated the environmental 
assessment process at a screening level. On March 26th, 2010 the screening process 
was upgraded to a comprehensive study initiated by Fisheries and Oceans Canada, 
and Transport Canada. The Canadian Environmental Assessment Agency is the key 
agency facilitating the functions required to complete the comprehensive study. One of 
these functions is the allotment of $25,000 for the public to comment on the study and 
the conduct of the comprehensive study. As a result the Ontario Road Ecology Group at 
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the Toronto Zoo hired Eco-Kare International and Seburn Ecological Services to review 
the proposed wildlife mitigation along the 407 east extension. 
 
After discussion between the Zoo and consultants our objectives for this project evolved 
as follows: 
 
1) Assess the mitigation strategies (namely crossing structures with fencing) allotted for 
wildlife impacts along the proposed route in terms of providing connectivity and reducing 
wildlife-vehicle collisions from a multi-species perspective. 
 
2) Provide cost-effective recommendations and or solutions to better achieve a ‘wildlife-
friendly’ transport corridor using Geographic Information System technology and current 
road ecology science. 
 
3) Provide rigorous recommendations to achieve an adaptive mitigation monitoring 
scheme that can be used as a feedback mechanism for current and future 
transportation construction projects. 
 

3. Crossing Structures 
 
3.1. Location 
 
We reviewed The Recommended Design and Assessment of the Undertaking (Chapter 
8) in the main report for the 407 East Individual Environmental Assessment (IEA) and 
Preliminary Design Study (AECOM, 2009), in addition to the Natural Environment Field 
Investigations Report (Gartner Lee and EcoPlans, 2008) to determine the proposed  
wildlife mitigation along the main, east and west links. We looked at mitigation in terms 
of where it was located to provide connectivity for wildlife across the proposed road. 
Throughout, we provide discussions and recommendations that will assist in mitigating 
the impact of the proposed road to wildlife along the 407 extension in addition to other 
municipal roads.  
 
Landscape connectivity, for the purposes of this report, is how easily an animal can 
move in the landscape to access its biological requirements. If an individual cannot 
access these requirements such as shelter, food, and mates then the population as a 
whole may decline, or even become locally extirpated. As road density increases 
landscape connectivity decreases, fragmenting wildlife habitat into isolated pockets in 
the landscape. Negative impacts of roads, such as the road-wildlife barrier effect and 
increased wildlife-vehicle collisions are well-documented (see review by Fahrig and 
Rytwinski 2009). 
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Wildlife crossings such as overpasses and underpasses are often used to re-connect 
the landscape increasing movement and permeability for wildlife across roads therefore 
alleviating the ‘road barrier effect’. The ability of a crossing passage scheme to facilitate 
wildlife crossing roads depends on several factors. In this report we concentrate 
specifically on location and design. 
 
Review: 
Along Highway 407 east extension (main line) and the east and west links there are 79 
designated watercourse crossings where bridges and culverts will be used to maintain 
hydrological and wildlife connectivity requirements. There are 21 single span bridges 
proposed, 26 multiple span bridges in addition to approximately 38 culverts (see 
Appendix F, Gartner Lee and EcoPlans, 2009). There are six dedicated wildlife 
crossings, 2 on the mainline through Clarington, 2 on the east link, and 2 on the west 
link. However, we did not come across any documentation that described a ‘dedicated 
wildlife crossing’ in our review. 
 
In the IEA documents the landscape was disconnected where the proposed road 
bisects natural corridors or valleys with key forest blocks, wetlands and or creeks (page 
26, Chapter 8, AECOM, 2009) herein termed as a linkage. Weak linkages were defined 
as sections where the road bisects corridors containing sparse natural vegetation, and 
smaller tributaries, fragmented by agricultural land use. The main valley systems or 
linkage points are defined below in Table 1 and shown in Figure 1. 
 
Table 1. High quality linkage locations with associated watercourse, wildlife crossing 
number and land designations.  
Major Linkage 
Corridor 

Water- 
course  
Crossing 
# 

Proposed 
mitigation 

Greenbelt Comments and land designation 

East Duffins Creek 
Valley  

9 5 span bridge Yes High quality regional linkage, wetland, 
ESA ((Environmentally Sensitive 
Area) 

West Lynde Creek  19 2 span bridge Yes High quality regional linkage, ESA  
Oshawa Creek West 28 4 span bridge Yes Regional linkage, ESA 
Oshawa Creek East 35 4 span bridge Yes High quality regional linkage, ESA, 

greenspace 
Farewell Creek  58 4 span bridge Yes Steep forested valley, ESA 
Bowmanville Creek 
West  

61 3 span bridge Yes Specialized and sensitive wildlife 
habitat (SSWH), amphibian habitat, 
white cedar swamp valley 

Bowmanville Creek 
East  

64/65 Open bottom 
concrete 
culvert 

Yes Large forested system, SSWH, 
Amphibian habitat, ESA just west of 
location 

Bowmanville Creek 
East  

67 3 span bridge Yes Same area as above 
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Bowmanville Creek 
East  

69 3 span bridge Yes White cedar forest, Amphibian 
habitat, Environmentally Sensitive 
Area (ESA), large valley system 

Mackie Creek  71 Single span 
bridge 

Yes Large coniferous forest ESA, SSWH  

Mackie Creek  72 Single span 
bridge 

Yes Large coniferous forest ESA, SSWH  

Soper Creek 
tributary 

75 Single span 
bridge 

Yes Cedar forested valley, unique fen 
meadow marsh community, ESA 

Orono Creek  78 Single span 
bebo culvert 

Yes SSWH, cedar swamp and forest 

Wilmot Creek Valley 79 3-4 span 
bridge and 1 
dry culvert 

Yes Blanding’s turtle found, large well-
connected coniferous forest valley, 
SSWH 

Iroquois Beach 
Ridge 

43 Single span 
bridge 

Yes Regionally important linkage along 
Iroquois Beach ridge, ESA 

Lynde Creek  100 Three span 
bridge 

Yes Along 401, important linkage to Lynde 
Creek Coastal Wetland Complex, 
PSW 

Harmony-Farewell 
Iroquois Beach 
Wetland complex 

88 Single span 
bridge 

Yes Marsh, and ESA 

Harmony-Farewell 
Iroquois Beach 
Wetland complex 

89 12 span 
bridge 

Yes Large forested swamps, PSW, 
SSWH, ESA 
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All of the major linkages are contained within the Greenbelt and have either or both land 
designated as an environmentally sensitive area (ESA), or Specialized Sensitive Wildlife 
Habitat (SSWH). An ESA feature is an area identified to be of local interest to the 
Ministry and is designated and managed by a municipality (Land Information Ontario, 
2007). It may represent the habitat of vulnerable, threatened or endangered species. 
SSWH habitat is a provincially designated natural feature designation for habitat that 
supports sensitive species (Ontario Ministry of Natural Resources, 2000).   
 
Single and multiple span bridges are proposed for most of the north-south and east-
west linkage corridors interrupted by the 407 extension (Table 1). These structures are 
expected to maintain connectivity and corridor function for all animal types including 
deer. Most notable is a 270 m span bridge over East Duffins Creek (Crossing 9) and a 
300 m span bridge over two provincially significant wetlands (the Harmony Farewell-
Iroquois Beach Wetland Complex and Maple Grove Wetland Complex; Crossing 89). 
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Bowmanville Creek (Crossing 64/65) and Orono Creek Valley (Crossing 78) were two 
identified corridors with specialized and sensitive wildlife habitat (SSWH) important to 
amphibians, however the proposed mitigation type does not adequately mitigate wildlife 
permeability at both these sites (Table 1, Figure 2). For example, there is a single span 
bebo culvert proposed at Orono Creek Valley (Crossing 78) and a 6 m culvert and a 140 
m three span bridge proposed at the east branch of Bowmanville Creek (Crossings 
64/65, and 67 respectively) (Table 1, Figure 2). However, the proposed extension will 
bisect approximately 725 m of well-connected wetland forest habitat designated with 
SSWH at the east branch of Bowmanville Creek (Top left inset, Figure 2). 
 
Connectivity: 
Road ecology research has taken advantage of tools such as habitat mapping within a 
Geographic Information System (GIS) to prioritize the most effective placement of 
mitigation measures along a road. In most cases open span bridge type structures were 
proposed at strong linkages defined when the proposed road bisected forest blocks (20-
25 hectares) with continuous natural habitat such as forest, wetland or thicket between 
areas (see Gartner Lee and EcoPlans, 2008). This type of evaluation did not focus on 
any one particular species, and is best suited for larger generalist species such as deer. 
 
Other studies have taken GIS modeling one step further and encompassed meta-
population and connectivity theory into transportation mitigation planning (see examples 
Van der grift, 2006; Gunson et al., 2009). These analyses assist in prioritizing where 
mitigation measures should be placed along roads to maintain connections between 
habitat patches to allow populations to persist in fluctuating environmental conditions. In 
these studies it is important to select a target species that represents the natural habitat 
in the study area and that are most sensitive to roads (Van der grift, 2006). 
Furthermore, the selected target species will determine where and how many mitigation 
measures are required as a function of the animal dispersal capabilities and home 
range requirements (D’Eon et al., 2002).  
 
In this report, we completed a supplementary meta-population analysis to identify key 
locations where selected species sensitive to roads will be most impacted by the 
proposed extension. We selected the main line east of Farewell Creek (Crossing 58) 
and the east link because the majority of the road bisects the Greenbelt (Figure 2). In 
addition, the proposed road will have the highest potential to negatively impact the 
natural ecological processes at 13 of the 17 major linkage areas identified in Table 1. All 
these locations are subject to various land-use guidelines and regulations because they 
are within the greenbelt, and contain natural heritage features designated as an ESA, 
PSW, and or SSWH. Most notable is the Lake Iroquois Beach region on the east link 
that contains significant natural heritage features protected by the Greenbelt 
Environmental Policy, Durham’s Environmental Policy and Clarington Official Plan 
(McCormick Rankin Corportation, 2008). The Provincial Policy Statement, 2005 states 
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development and site alteration shall not be permitted in significant woodlands, valleys, 
and wildlife habitat (Ministry of Municipal Affairs and Housing, 2005). In addition, the 
Provincial Policy Statement (PPS) protects PSWs, and transportation corridors must 
maintain ecological function, biodiversity and connectivity. 
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We selected amphibians and turtles as our target species because the wetland-forest 
habitat they use for some portion of their life-cycle, represents the natural landscape, 
and supports the majority of biodiversity in the study area, from invertebrates to deer. 
Representative wetland-forest amphibian species present in the study area are Spring 
Peeper (Pseudacris crucifer), Wood Frog (Rana sylvatica), Eastern Gray Treefrog (Hyla 
versicolor) and the American Toad (Bufo Americanus) (confirmed by Gartner Lee and 
EcoPlans 2008) .  
 
Representative semi-aquatic turtle species are the Snapping Turtle (Chelydra 
serpentine), now listed as Special Concern, the Blanding’s Turtle (Emydoidea 
blandingii), and the Painted Turtle (Chrysemys picta). The IEA only confirmed incidental 
observations of turtles in the study area however home range maps published by the 
Ministry of Natural Resources confirms all species likely occur in the area. Additional 
documentation has confirmed the presence of Painted Turtle (Chrysemys picta), found 
dead on Hancock Road, near Black Creek bridge and the Snapping Turtle, found 
crossing Hancock Road (personal observation, Libby Racansky, 2008). One Blanding’s 
turtle was found at near-by Wilmot Creek (Gartner Lee and EcoPlans, 2008). 
 
We used the Southern Ontario Land Resource Information System (SOLRIS) database 
to map all wetland-forest habitat greater than 1.2 hectares surrounding the road. This 
area has been documented as a suitable home range for the Painted Turtle (Rowe 
2003) and suitable core habitat for our target amphibians (Helferty, 2002). We then 
determined where the proposed road bisected habitat that was within 1 kilometre of 
each other. One kilometer has been documented as an average migration distance for 
most amphibians (Helferty, 2002). We then determined the composition of the 
landscape matrix where the road bisected prioritized habitats with 2005 
Orthophotography (Exhibits 8-47 and 8-49 in Gartner Lee and EcoPlans, 2009). This 
allowed us to determine the permeability of the landscape for wildlife movement. 
 
Our results designated four locations where there is no proposed mitigation along the 
east extension and link, numbered 1 to 4 in Figure 3 and summarized in Table 2. 
Location 1 is the highest priority because both habitat complexes contain forest and 
wetland habitat designated as SSWH (Exhibit 8-48), that may provide important 
breeding, foraging and hibernation habitat for the target species, amphibians and 
turtles. We labeled Location 2 (Exhibit 8-40) as moderate because there is potential for 
high road-kill if wildlife present in the wetland habitat on the north side seasonally 
migrate to the forest upland habitat south of the proposed route. Locations 3 and 4 are 
low priority because the wetland-forest habitat is separated by approximately 850 m of 
agricultural land decreasing permeability between core habitats. In addition, at location 
3, habitat on both sides of the road is connected to wetland forest habitat further south, 
so it is possible for animals to move to Crossing 88 or 89.  
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Table 2. Identified locations and description where crossing structures are required at 
wetland-forest habitat to maintain ecological function, biodiversity and connectivity. 
No Habitat 

1 (ha) 
Habitat 
2 (ha) 

Description/Configuration Distance 
apart (m) 

Priority  Ex-
hibit 

1 13.2 (W) 21.7 (E) SSWH wetland- forest on both 
sides, some agriculture 
between, possibly mitigate 
Solina Road, additional culverts 
proposed 370 m north, and 600 
m south  

360 High 8-48 

2 7.78 (N) 6.7 (S) Unique wetland-forest 
configuration, wetland on north 
and forest on south, possibly 
wildlife will need to cross 
proposed road to utilize forest 
upland habitat and cross back 
for wetland breeding habitat. 
Documented landscape 
configuration for a road-kill 
hotspot! 

375 Mod 8-40 

3 16.7 (W) 7.2 (E) Wetland and forest on both 
sides, connected to wetland-
forest further south, land-use 
between is agriculture, relatively 
far apart 

929 Low 8-47 

4 6.2 (W) 3.3 (E) Small amount of wetland and 
forest on both sides, some 
agriculture between, exhibit 
does not display wetland 

850 Low 8-48 
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How many crossings are enough?  
Crossing structures should be spaced to accommodate target species within their 
movement ranges (Clevenger et al., 2001, Bissonette and Adair, 2008). For example, 
for species such as the Snowshoe Hare (Lepus americanus), American Marten (Martes 
americanus), and Short-tailed Weasel (Mustela erminea), 150 – 300 m was 
recommended as a suitable spacing for culverts in homogeneous habitat within the 
Banff Rocky Mountains. Along the proposed 407 extension enough crossings should be 
clustered within wetland-forest habitat that accommodates distances moved by the 
majority of the target species. This could be completed with a literature review of the 
seasonal movement patterns of the target species, e.g. distance moved by amphibians 
to breeding ponds or inter-wetland movements by semi-aquatic turtles. 
 
Recommendations: 

I. Removal of the north south east link from construction plans-benefits and 
rationale:  
 

�  Maintain ecological integrity and function for designated Greenbelt, 
Provincially Significant Wetlands (PSW), SSWH, and ESA natural features 
located along the link 

�  The current IEA mitigation along the link has not demonstrated that there 
will be no negative impacts on the natural features or their ecological 
functions   

�  Cost-effective savings on road construction and mitigation costs 
�  Highway 115 and the west link can accommodate north south connections 

from the 407 to the 401 approximately 12 km east of the link 
�  Adequate barrier fencing and maintenance along ~4 km of fencing on both 

sides of the road will have large costs (see section 4) 
�  Additional crossings (at least 3) will increase costs to mitigate road 

impacts on target species (recommendation 2 below) 
�  Road mortality occurs on municipal roads surrounding the east link, and 

should be considered for mitigation requiring additional costs 
(recommendation 3 below) 

 
II. Require more designated wildlife crossing structures to provide adequate 

permeability for both semi-aquatic (amphibians and reptiles) and terrestrial 
species (snakes and mammals) that occur in the region. 
 

�  Placement of crossing structures at locations identified in Table 2 above 
�  Clustering of culverts or span bridges to accommodate more wildlife 

passage (Smith 2003) and wet and dry passages at Bowmanville Creek 
(Crossing 64/65) and Orono Creek (Crossing 78)  
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III. Work with municipalities to mitigate municipal roads that intersect the proposed 
407 route at identified linkage locations. 
 

�  Three examples are Hancock, Solina and Rundle Roads (east link) 
 
3.2. Design 
 
We reviewed Chapter 8 (Recommended Design and Assessment of the Undertaking) of 
the main report for the 407 East Individual Environmental Assessment (IEA) and 
Preliminary Design Study (AECOM, 2009), in addition to the Natural Environment Field 
Investigations Report (Gartner Lee and EcoPlans, 2008) to assess what type of wildlife 
mitigation is being proposed along the main, east and west links. In this section, we 
looked specifically at the design of specific structures to determine if they would 
maximize passage for wildlife at each site. Throughout, we provide discussions and 
recommendations that may improve proposed mitigation by the Environmental 
Assessment Process. 
 
Many different crossing structure types occur throughout North America and the world. 
In the 407 east extension project there are a range of widths for spanned bridges, and 
several culvert types (e.g. box culverts and open arch culverts). Road ecology science 
is continually adapting and evolving to propose effective crossing structure designs for 
target wildlife species taking into account  structural dimensions as well as landscape, 
(e.g. hydrology and terrain) and road characteristics, (e.g. road width). Every situation is 
different, i.e. approved budgets, listed species at risk in the area, and requires a well-
thought out site analysis to provide a functional mitigation design that meets identified 
criteria. 
 
Dry vs. Wet culvert design: 
Many species of wildlife have been shown to cross roads where there is water (e.g. 
creeks, or wetlands) on both sides of the road corridor (e.g. Langen et al., 2009, 
Gunson et al., in press). Therefore it seems logical to focus wildlife crossings at 
selected waterways as has been completed for most wildlife crossings on the 407 east 
extension. There are four designated dry culverts at Crossing 105 A, Crossing 79 D at 
Wilmot Creek and Crossing 61 C at Bowmanville Creek west valley along the main line, 
and Crossing 89 B along the east link, (Appendix F, Natural Environment Impact 
Assessment). Dry passages are important to integrate into crossing structures to 
accommodate terrestrial wildlife and their movements. For example, dry passages 
would facilitate movement for the Brown Snake (Storeria dekayi) and the Smooth Green 
Snake (Opheodrys vernalis) that occur in field and forest habitat along the 407 
proposed route. Culverts that contain water are not frequently used by smaller terrestrial 
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mammals (Jacobsen et al., 2007), and if water (3-5 ft) freezes in the winter they will 
become impassable for some species of wildlife such as deer (Brudin, 2003). 
 
There are several documented solutions to effectively design a structure for water 
passage as well as wet and dry aquatic and terrestrial wildlife passage. Figure 4a 
shows a creek bridge pathway under an open span bridge in Banff National Park that 
proved successful for deer and other smaller animal passage (Clevenger et al., 2009). 
Pathways or riparian banks should be designed so that they are level with the stream 
bed to facilitate wildlife passage. V passage-ways created from angled back fill leading 
to the creek bed are not conducive to wildlife passage (Figure 4b). 
 
An optimal crossing structure would be one that makes the road essentially "invisible" to 
an animal crossing the road (Ontario Road Ecology Group, 2010a). This type of 
structure would leave the stream, its banks and the vegetation intact under the road 
(Figure 4c; Carey and Wagner, 1996, Ruediger, 2001, Abson and Lawrence, 2003, 
Serveheen et al., 2003). This crossing type can be termed an "expanded stream 
crossing" and each stream bank should be at least two times the width of the stream at 
high water (Ontario Road Ecology Group, 2010). In Massachusetts the River and 
Stream Crossing Standards recommends bridges span channels at a minimum of 1.2 x 
the bankfull width to avoid channel constriction (River and Stream Continuity 
Partnership, 2006). Bankfull widths larger than this would assist in providing riparian 
travel corridors for semi-aquatic, riparian, and terrestrial species. 
 
Another solution for all ‘wet’ crossings that target terrestrial movements for smaller 
animals is to integrate animal shelving that is above the predicted high water levels (see 
example in Foresman, 2004, Figure 4d). With box culverts, ‘shelving’ can be metal 
mesh inserted along the culvert wall (Figure 4d). These modifications would attract 
crossings by small mammals, i.e. voles, moles, shrews, squirrels, chipmunks, weasels, 
and opposums that exist in the study area. 
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4a. Creek bridge pathway for deer and other 
terrestrial animals in Banff National Park. Photo 
credit Tony Clevenger. 

4b. Single span bridge with steep back fill- not 
optimal for terrestrial passage. Photo obtained 
from Gartner Lee and EcoPlans, 2009 

  
4c. Example of an expanded stream crossing  4d. Example of a metal shelf in a culvert for 

small mammals. Photo credit Kerry Foresmen. 
 
In the IEA report geomorphology was measured to provide the appropriate size and 
placement of bridges and culverts that considers stream meander and erosion 
elements. Where possible the geomorphology (m) from Exhibit 8.9 was compared to all 
culvert spans (m) recorded in the Wildlife Passage Design Table (Appendix F, Natural 
Environment Impact Assessment) (n=22). In 12 cases the culvert span was the same as 
the geomorphology, in 4 cases the culvert span was 1.2 x the geomorphology and in 4 
cases the culvert span was less than the measured geomorphology. In all cases, it is 
noted that the culverts are suitable for small animal use, which is based on an openness 
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ratio (see below). However, it can be argued that culverts need to be wide enough to 
provide a suitable terrestrial pathway for terrestrial and semi-aquatic movements for 
species such as deer, amphibians, turtles, snakes and small animals. Aside from wider 
culverts facilitating multi-species passage, it will also allow for increased water drainage 
as hydrological flows fluctuate with the onset of climate change. 
 
Openness ratios: 
The openness ratio (OR) (height x width/length) is commonly used in mitigation 
planning because it is a straightforward metric that can provide rationale for building a 
specific structure for a target species. In the 407 extension IEA report, the openness 
ratio (OR) defined as (height x width/length) was used as the basis for determining 
culvert dimensions for target species. 
 

·  0.05 for smaller wildlife species that are adapted to nocturnal and/or tunnel like 
conditions 

·  0.1 for common reptiles and amphibians 
·  0.25 movement corridors for turtles 
·  Minimum clearance of 3 m for crossings for deer and larger mammals, OR=0.6 

 
In the road ecology literature the optimal openness ratios are not known on a species by 
species basis and it is difficult to group animals together on a taxa or size level as 
preferring one OR ratio. For example, Clevenger et al. (2001) showed the American 
Marten (Martes americanus) used culverts with high openness ratios and the Short-
tailed Weasel (Mustela erminea) used culverts with low openness ratios.  
 
The validity of using an OR as a proven and reliable measure in planning and designing 
wildlife underpasses is questionable (Clevenger and Huijser, 2010). There has been no 
rigorous science to test the usefulness of the measure and the ratio assumes a box type 
shape and does not allow for arch or elliptical type culverts. In addition, the three 
measurements are highly correlated (Clevenger and Huijser, 2010). For example, if a 
planner wanted to increase the OR to meet a certain specifications they have two 
options: decrease the length or increase the height and/or width. Increasing height or 
width is dependent on the target species, i.e. a specific clearance for deer, or increased 
width to accommodate terrestrial passages along creek beds. Clevenger and Huijser, 
(2010) recommend taking into account road and landscape variables that affect 
passage design such as target species, water present, highway configuration, median 
present, and the surrounding habitat to determine wildlife crossing dimensions. 
 
Mata et al. (2008) recommend a variety of passage designs to accommodate multi-
species usage rather than fewer larger structures.  Amphibian and reptiles are more 
likely to use culverts with widths of at least 1.5 m (Smith, 2003) and tend to avoid using 
culverts less than 0.5 m in diameter (Woltz et al., 2008).  Small animal passages with 
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slated openings along the upper span of the box culvert will allow moisture and light to 
perforate the tunnel and have proved successful for amphibians (Smith et al., 2009) and 
are currently being tested for reptiles such as the Massasauga Rattlesnake (Sistrurus 
catenatus catenatus) in Killbear National Park (Kenton Otterbein, personal 
communication) (Figures 5a and 5b). Vole tubes that allow movement from wetlands 
into and through culverts without leaving protective cover have been effective for 
Meadow Voles (Microtus pennsylvanicus) and other smaller mammals (Foresman, 
2003). 
 
 

  
Figure 5a. Example of concrete box culvert with 
gratings (ACO Wildlife) used in Waterton 
National Park, Photo Credit Parks Canada 

Figure 5b. Concrete box culvert with gratings, 
Killbear Provincial Park 

 
 
 
Recommendations:  

I. Consider a variety of designs to accommodate greater ‘openness’ for 
target species, examples include: 

 
�  Box culverts with slated openings along the top span for amphibians and 

reptiles 
�  Extended stream crossings to accommodate terrestrial passage at stream 

channels 
�  Shelving for small mammals above high water level with angled entrance 

ramps meeting terrestrial habitat 
�  Tubes provide protective cover and dry conditions for species such as 

voles to pass the road from wetlands 
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4. Fencing 
 
Fencing along roadways has been shown to be an effective measure to keep wildlife off 
roads reducing wildlife mortality. In addition, fencing used in conjunction with crossing 
structures is effective for funneling animals to crossing structures to cross the road. The 
use of a barrier wall with a culvert structure increased the total number of animals 
(frogs, snakes, turtles and small mammals) using a culvert structure by 1.5 x and 
decreased wildlife road mortality by 93.5 % (Dodd et al., 2004).  Similarly, a 2.4 m high 
wildlife fence along 45 km of the Trans-Canada Highway decreased ungulate-vehicle 
collisions (mainly deer) by at least 80% (Clevenger et al., 1999). 
 
Review: 
The 407 right-of-way will be fenced with a standard 1.2 m high chain link fence 
(Appendix F, Wildlife Passage Analysis, Natural Environment Impact Assessment, 
Reference Document 6). This fencing will be a good starting point to create adequate 
fencing that funnels specific wildlife species into targeted crossing structures. A variety 
of fencing types is proposed along the 407 main extension and east and west links. 
Generally fencing will be placed about 25 m beyond the edge of the natural habitat 
area. 
 

·  Fencing 0.6 to 0.9 m high will act as a barrier to small mammals, amphibians, 
turtles and snakes 

 
·  Fencing 2.4 m high for large wildlife species extending 400 to 1600m from the 

crossing structure in each direction 
 
Recommendations: 

I. Ongoing monitoring and maintenance of fencing  
 

�  Use durable material to maintain effectiveness of fence 
�  More expensive fencing materials will save long-term costs for ongoing 

maintenance 
 
II. Fence lengths 
 

�  Provide suitable barrier fencing for all segments of the highway that are 
within the green belt, and most importantly where the proposed road 
bisects natural features designated as provincially or environmentally 
significant  
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5. Noise and other considerations 
 
Several of the IEA reports describe the presence of at least 65 breeding bird species 
surrounding the 407 east extension. Examples of forest-sensitive species that occur in 
the study area are the Hairy Woodpecker (Picoides villosus), Veery (Catharus 
fuscescens), Least Flycatcher (Empidonax minimus), Pileated Woodpecker (Dryocopus 
pileatus), Golden-winged Warbler (Vermivora chrysoptera), and the Golden-winged 
Warbler (Vermivora chrysoptera), listed as Special Concern (Gartner Lee and EcoPlans 
Ltd, 2009). The probability of detecting a bird in a woodland or shrubland habitat 
surrounding a road declines substantially with increasing traffic volumes and traffic 
noise (Parris and Schneider, 2009). Traffic noise may hamper the ability of birds to use 
song to locate mates, reducing breeding success. A possible (untested) mitigation 
measure would be to create embankments along forested blocks where abundant 
breeding forested birds have been detected. These embankments (at least 3 m high) 
could serve two benefits: 1) a noise barrier and 2) a behavioural barrier, i.e. forces birds 
to fly above vehicular height, reducing the risk of a bird-vehicle collision (Pons, 2000).  
 
In some cases it has been documented that forest interior birds will not fly across roads 
or forest gaps greater than 50 m (St. Clair et al., 1998). In these cases, when the 
proposed road bisects forested blocks and known migration routes a forested median 
should be considered to facilitate bird crossings. Forest medians should have tall trees 
and or embankments above vehicular height to facilitate higher bird crossings.  
 

6. Monitoring 
 
Great efforts have been compiled by various agencies to put together an effective 
mitigation plan to maintain permeability and alleviate road mortality for wildlife. This in 
itself poses an opportunity to design an adaptive monitoring project to determine 
feasible and cost-effective mitigation solutions for other upcoming road upgrade or 
extension projects in Ontario. 
 
In October 2008, the Ontario Road Ecology Group was invited by the 407 project team 
to prepare a study design for a possible before-after-control-impact (BACI) study 
(Roedenbeck et al., 2007; Ontario Road Ecology Group, 2010a). The BACI design is 
unique and one-of-a-kind because it has never been completed on a new road and it 
measures the effectiveness of mitigation measures at a population level, not just the 
number of individuals using a structure. For example, results indicate whether the 
abundance of a wildlife population is increasing or decreasing as a result of road 
construction and a particular mitigation strategy.  
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The BACI design requires several years of pre-construction data at selected mitigation 
sites along the proposed route and has never been integrated into the road planning 
process. A second-best alternative to the BACI type design is a Control-Impact study. 
This would entail collecting population abundance data at selected mitigation sites and 
at control sites, i.e. upstream or downstream from selected sites at water crossings.  
 
In addition to monitoring crossing structure effectiveness we recommend monitoring the 
effectiveness of mitigation efforts, e.g. barriers and medians used for birds. Bird 
breeding success, and crossing success should be measured at control and impact 
sites. Effective study designs would greatly improve the scientific rigor and interpretation 
for application to other mitigation projects in Ontario and elsewhere.  
 
 

7. Public Outreach and Education 
 

Public outreach and education is an integral component of the IEA process. 
Government agencies should strive to provide motorists and concerned citizens with 
information about how their tax dollars are being used to provide safe and ‘environment-
friendly’ roads. This could be achieved by providing information and educational 
brochures (see example Ontario Road Ecology Group, 2010b), information kiosks, road-
side bulletins, and or wildlife viewing areas at selected mitigated sites. 
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Appendix I. Structures by road 
 

·  East Duffins Creek Valley System-Crossing 9 
·  West Lynde Creek and Lynde Creek-Crossing 19 
·  East and West branches of Ottawa Creek-Crossing 28 & 35 
·  Main Farewell Creek Valley-Crossing 58 
·  Bowmanville Creek- Crossing 61, 64 & 69 
·  Mackie Creek-Crossing 71 
·  Soper Creek Valley-Crossing 75 
·  Orono Creek Valley-Crossing 78 
·  Wilmot Creek Valley-Crossing 79 

 
East Link 

·  Harmony Farewell Iroquois Beach and Maple Grove wetland complexes- 
Crossing 88, 89 

 
West Link 

·  Lake Iroquois Shoreline-linkage between Lynde Creek and Duffin and Carruthers 
watershed-Crossings 43, 43A and 43B 

 
Between Brock Road and Audley Road (west mainline) 
 

·  East Duffins Creek(9), Brougham (3)  and Spring Creek (8)-high qaulity linkages 
·  Smaller tribuitary valleys (4,7,10,11,12, 14 and 15). 
 

Between Audley Road and and Ashburn Road 
 

·  West Lynde Creek Valley (Crossing 19)-high quality linkage 
·  Smaller tributary valleys (16,17, 18, 20, 21)  

 
Between Ashburn to Simcoe Street 
 

·  Lynde Creek (24), East and West branches of Oshawa Creek (28 & 35), eastern 
tributary of Oshawa Creek east (30) 

·  Smaller tributaries (27,32,34, 36) 
 
Simcoe Street to Enfield Road 
 

·  Harmony Creek Tribuitaries (54,56) 
 
Enfield to Highway 115 
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·  18 wildlife crossings, 16 were wet and 2 were dry 

 
West Durham Link 

·  Watercourse crossing 43, 43A, and 43B to mitigate along the Iroquois shoreline 
·  Smaller tribuitaries (44,45,47,47A,49,51,51A-D) 
 

East Durham Link 
�  Seven wildlife crossings (6 wet and 2 dry) 

 


