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• Amphibians require a connected landscape to fulfil life cycle needs

• Road construction and suburban sprawl lead to declines in amphibian 
populations through road mortality and habitat fragmentation 
(Andrews et al., 2008; Quesnelle et al., 2013)

• Wildlife underpass installation is a common mitigation method but is 
rarely (if ever) installed in an urban or suburban area

• Insight into usage patterns of amphibians can provide valuable 
information for effective and efficient culvert design

 Investigate the usage patterns (timing, behavior, diversity) of 
amphibians in tunnels of varying substrates using trail cameras in 
Guelph, Ontario

• Project objectives guide substrate recommendations:
• Gravel is recommended when objectives include promoting 

quick and reliable passage
• Sod is recommended when objectives include creating a 

consistent refuge and appealing crossing environment

• Past camera trap studies (see Pagnucco et al., 2011, Malt, 2012) 
used 1 min. time lapse with a smaller field of view
• Many amphibians were able to traverse the 2 metre field of 

view in less than 60 seconds therefore a more frequent time 
lapse and angled camera placement is recommended

• Exploring the relationship between tunnel microclimate and 
amphibian usage behavior in terms of timing and hesitance

• Testing an automated program to look through and identify 
photos of interest to reduce manual labour time

• Identifying potential reasons for hesitance, and varying crossing 
times and success rates to providing suggestions for future design 
and implementation

• Creating a reliable monitoring protocol for amphibians using 
underpass systems through the use of trail cameras
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Figure 3: Reconyx PC900 placement within the ACO polymer wildlife tunnels 
showing the field of view (about 2 metres in length and 50 cm in width 

GRAVEL (N=264)

Figure 4: Total number and breakdown of amphibian species that entered the camera’s field of 

view in each tunnel from April 23rd to September 30th

Average
Hesitance 
(seconds)

% Straight 
Crossings

% Meandering 
Crossings

% Successful 
Crossings 
(Exiting)

% Successful
Crossings 
(Entering)

SOD 175.1 49.3 38.6 82.0 49.5

GRAVEL 86.9 81.0 13.6 91.1 85.5

SOD (N=380)

Table 1: Summary of the differences in behavior of amphibians between tunnels 

Figure 5: Weekly number of amphibian crossing events 

• Tunnels were used 
extensively by various 
amphibian species

• Amphibian species 
distribution was similar 
between tunnels, though sod 
saw over 100 more crossing 
events (Figure 4)

• Sod promoted a slightly more 
consistent use throughout 
the season (Figure 5)

• Gravel substrate seemed to 
promote a quicker and more 
successful crossing (Table 1)

• Temperature and RH readings 
suggested a cooler 
microclimate and consistently 
higher humidity in sod than 
in gravel

• A sod substrate also seemed 
to act as a refuge and resting 
spot for many amphibians

Figure 1: Dallan development (in orange). Existing wetlands are outlined in dark green. Theoretical 
movement of amphibians is illustrated by the white arrows. Purple lines show the location of the 
amphibian tunnels and red lines outline the exclusion fencing

• Dallan suburban development is located in Guelph, Ontario and is 
adjacent to Hall’s Pond Provincially Significant Wetland

• Wildlife corridor is bisected by a residential road, therefore two 25-
metre long ACO polymer AT500 wildlife tunnels and 250 metres of 
exclusion fencing were installed (Figure 1)

• One tunnel lined with sod, the other with gravel (Figure 2)

Figure 2: Photos of amphibians in the sod tunnel (left) and gravel tunnel (right)

• Comprehensive camera trap monitoring of amphibians crossing through tunnels was undertaken 
using two Reconyx PC900 cameras

• Manually searched and analyzed over 2 million photos for animal presence
• Tunnel microclimate measured using two temp/humidity HOBO sensors placed 2 metres inside

Monitoring schedule:

• April 24 to June 30 2016
 15 second time lapse 

7pm – 10 am 
• July 1 – Sept. 30 2016
 15 second time lapse 

24 hours 

Benefits of Gravel Benefits of Sod

Higher crossing success rates Higher rates of usage

Less substrate erosion More consistent year round usage

Quicker passage Favourable micro-climate for refuge


