Testing fence designs to provide a predator-free area for boreal caribou:
Phase 1 reporting and planning for Phase 2
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Executive summary
Changing climate and increased human footprint have resulted in unsustainable predation rates on
boreal caribou populations in Alberta. One method to mitigate increased predation is to maintain
caribou in a large predator-free area, using exclosure fencing. This concept requires a fence design that
is largely impermeable to predator incursions, is cost effective, durable, and feasible to build across a
large area of varied terrain. This report presents findings of the first year (Phase 1) and
recommendations for future years (Phase 2) of a multi-year pilot study to test the feasibility of fence
design options.
In March 2014, a 90 m x 90 m fenced exclosure was constructed 12 km NE of Conklin, AB. The fence
consisted of galvanized posts embedded in concrete with a 2.5m tall woven wire barrier, topped with a
metal sheet (to prevent climbing), and a mesh apron extended from the bottom of the fence (to inhibit
digging). The fence took 10 days to construct, and cost $60,000. This exclosure was baited over summer
and monitored with an array of motion-triggered cameras over 225 days to detect predator visits and
incursions.
Predators and scavengers frequently visited the exclosure. The fence was definitively effective at
deterring wolves (39 detections and no incursions) and photos indicate that the metal top sheet
prevented bears from climbing over. However, a bear(s) did gain entry to the exclosure on two
occasions (out of 22 detections) by prying open the seam between the apron and fence. After these
intrusions, the fence seam was reinforced with additional fasteners and the apron was secured to the
ground with rebar. However, no more bears visited the site after these improvements, reducing our
ability to conclude that the retrofit can effectively exclude bears.
Drawbacks to the Phase 1 fence design include: high cost, difficulty of installation in varied terrain, and
the need for additional design solutions for wetlands. One design alternative is the use of horizontal
electric wires as an “initial barrier” set 1.5 to 2m away from the fence. This design may eliminate the
need for a mesh apron and metal sheet topper and has additional potential benefits including: ease of
installation in varied terrain, reduced cost, and effective deterrence. If implemented at a large scale, the
Phase 1 design is estimated to cost $183,000/km, whereas substituting the apron and metal sheet with
electric wire would cost considerably less: $77,000/km.
Phase 2 of the pilot will begin in 2015 and will be divided into two components: further testing of
exclosure fence options, and testing of fence designs across varied terrain conditions. Two smaller
baited and monitored exclosures (75-100 m2) will be constructed to continue testing the Phase 1 fence
design and start testing less expensive options such as the electric fence. The second component of the
Phase 2 pilot will test the logistics, feasibility and durability of building fences through wet and dry
habitats over multiple seasons. No exclosures will be built in this case. Instead, segments of the two
fence design options (Phase 1, and the electric design), will be built along existing linear features to
transect a range of terrain. These segments will not be baited, but will be monitored with cameras to
record incidental interactions with wildlife.

.

Introduction and rationale
Boreal caribou populations in Alberta are declining rapidly because of warming climates and the
increased human use of natural landscapes (James and Stuart-Smith 2000, Dawe 2011). Both of these
factors increase predator numbers (Wittmer et al. 2007, Latham et al. 2011) and their ability to acquire
prey (Apps et al. 2013). Habitat protection and restoration are two promising approaches to conserve
caribou, but these tools are unlikely to have sufficient effects in the near-term to stabilize caribou
populations (Hervieux et al. 2013). Unsustainable predation rates will continue (Seip 1992, Wittmer et
al. 2005, Latham et al. 2011) unless predator numbers are reduced (Bergerud and Elliot 1986, Seip 1992,
Hayes et al. 2003, Festa-Bianchet et al. 2011, Hervieux et al. 2014) or caribou are physically separated by
predators using technological solutions.
Several plausible methods exist to physically separate prey populations from predators. The two most
commonly discussed approaches are maternal pens and predator exclosure fencing (Antoniuk et al.
2012). Maternal penning involves placing pregnant caribou in a small predator-free exclosure for a three
to four month period that straddles birthing and neonate rearing. In contrast, predator fencing is geared
towards maintaining caribou in a large predator-free area, year round. As caribou numbers increase
within this area, some individuals would be exported to supplement an adjacent wild population. This
report focuses on the latter approach to conserve caribou in Alberta.
Excluding predators from a large area requires a fence design that is stable enough to withstand a
variety of environmental conditions and is largely impermeable to predator incursions. The fence must
also be cost effective. Several feasibility studies were conducted to evaluate the technical viability and
biological benefit of implementing a predator exclosure fence in Alberta. Of note was a workshop
organized by the Oil Sands Leadership Initiative (OSLI) Caribou Protection and Recovery Program (CPAR;
(Antoniuk et al. 2012)), where over 40 experts were convened to evaluate the feasibility of such a
project. There was general agreement that a large predator exclosure would be technically feasible but
challenging and costly to implement (Antoniuk et al. 2012).
In 2014 a pilot study was conducted to test a predator exclosure fence in northeast Alberta. The goal
was to gauge the ability of a simple 1-hectare exclosure to exclude predators, while estimating cost and
ease of implementation. The pilot was divided into two phases. Phase 1 occurred in 2014 and involved
the construction and testing (baiting) of the 1-hectare exclosure, and Phase 2 is planned for 2015 and
will use the learnings from Phase 1 to design and construct multiple smaller scale exclosures to further
test the Phase 1 fence and investigate alternative designs. Phase 2 would also test fencing across a
diverse set of terrain conditions. Both phases are being conducted in the context of evaluating the
feasibility of scaling up the design to hundreds of square kilometers.
Phase 1 was completed in November 2014. This report summarizes the findings of Phase 1, and makes
recommendations for the planning and implementation of Phase 2.

Methods
Phase 1
Phoenix Fence was contracted to build a fence on a 1.3-hectare site 12 km northeast of Conklin, Alberta.
The exclosure was 90 m x 90 m and the fence was a 2.5 m tall (8’) woven wire wildlife fence with
galvanized posts, fixed with concrete secured into the ground. The top of the fence was fitted with a 1m tall corrugated steel sheet to prevent climbing and a 1-m long wire mesh apron that extended from
the bottom of the fence to inhibit digging (Fig. 1). This fence design was expected to be robust to
predator incursions because of the apron and steel sheet. We intentionally designed Phase 1 to test a
relatively robust fence, and if proven successful, would test designs in Phase 2 that were less robust but
also less expensive to implement. This process would be iterative until an appropriate balance of cost
and robustness to predator incursions would be achieved.
Construction of the Phase 1 fence was completed on March 13, 2014. Construction of the fence took 10
days in winter conditions including preparation and travel from Edmonton. Wolves were observed and
photographed by construction crews at the site during the installation of the fence.
The exclosure was baited at different times with road-killed moose, beavers, fish, and a slurry of rotten
blood and fish that is often used to attract bears to DNA hair traps (Mowat et al. 2005). Baiting began on
April 9, 2014. Remote cameras triggered with an infra-red sensor (Reconyx HyperFire model PC900)
were used to record predator detections at or near the fence. A minimum of 14 cameras were placed
around the fence (Fig. 2), and were checked every 4 to 57 days. The final check occurred on November
20, 2014.
One camera was placed inside the fence to detect whether animals entered the exclosure. This camera
was equipped with cellular communication (Reconyx Hyperfire model SC950C) and emailed crew
members each time the infra-red sensor was triggered. If a predator entered the fence and became
trapped, the camera would alert crew members so that the animal could be released promptly.
A control site was also established 150 m to the north of the exclosure along a seismic cut line. This site
was established to determine if the bait was potent enough to attract predators and to overcome any
confound associated with human presence. At this site, two cameras were aimed at the same type of
baits used inside the exclosure, and baiting also began on April 9, 2014. The last bait was placed at the
control site on June 23, 2014.
The primary analysis was to present the number of predator detections over time, while highlighting
when baits were placed at both the control and exclosure site. The number of independent predator
detections was defined as a minimum of one hour between photographs. Based on the number of
cameras around the fence and the high movement ability of predators, it seemed appropriate to assume
that if no individual was captured within one hour after the last detection, it had moved away from the
site and came back, and therefore counted as a new detection.
We did not attempt to identify different individual animals. Identifying different individuals is mostly
used in studies with species that have a distinct fur pattern (e.g. tigers, jaguars). For species that lack

such identifiers, individual markers such as scars, colour, body size or tail length can be used for
identification. This approach is not fully reliable because such characteristics might not be visible in
every picture and not every individual has such markers. Also, different light and weather condition, or
different body condition can make such markings hard to distinguish (Foster and Harmsen 2012).
The research was conducted under permit number 54560 issued by the Government of Alberta.
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Figure 1. A) The installation of the fence; B) Fence height and the aluminum sheet; C) The apron; D)
Cattle guard at the entrance (the entrance gate was lowered to close the gap shown in the photo).

Figure 2. Diagram of the exclosure (thick black line) and camera placements (FC). Camera locations were
varied to fill in gaps as the pilot study progressed. FC16 and FC11 and the associated bait represent the
control site that was 150 m to the north of the exclosure and therefore is not to scale (image: courtesy
of Rolf Tidsbury).
Results
Phase 1
Both the control and exclosure site were visited repeatedly by caribou predators. At the control site
there were 13 detections of caribou predators, including 10 black bears, 1 wolf, 1 lynx, and 1 unknown
canid (Fig. 3A). There was also a fisher recorded at this site. At the exclosure site, we recorded 97
predator detections of which 22 were from black bears, 39 from wolves, 19 from coyotes, 5 from lynx,
10 from bald eagles, and 2 from unknown canids (Fig. 3B). Two black bears managed to enter the
exclosure on June 22 and 24. When the crew arrived to open the gate, the predators had already exited
the exclosure, likely by climbing over the fence (the steel sheet would not prevent climbing from inside
the fence). At least one of the bears appeared to enter the exclosure by prying apart the apron from the
main fence, rather than crawling underneath the apron (Fig. 4). Photos of bears attempting to climb the
fence suggested that they gave up relatively quickly, likely because of the corrugated steel sheet.
Following the incursions by the black bears, the apron was retrofitted by securing it with more fasteners
to the wire mesh of the fence, and rebar was used to secure it more tightly to the ground. After the
apron was secured on July 25, there were no incidences of black bears entering the exclosure. However,
there were no recorded visits to the exclosure by black bears after the retrofit occurred (Fig. 3B).

An entire moose carcass was placed in the exclosure on September 19, which resulted in the highest
frequency of wolf detections (n = 28; Fig. 3B). No bears were recorded after the placement of the moose
bait.
The preliminary estimate for the installed fence costs was $80,000. Actual construction cost was
$60,000 plus $12,000 to purchase cameras (16 cameras with data cards for the fence and control sites
and one cellular enabled camera to monitor for incursions). Total installed fence cost including wildlife
cameras was $72,000.
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Figure 3. Number of predator detections at the control site (A) and the fenced exclosure (B). Each new detection was defined as a minimum of one hour
between photographs.

Figure 4. Images recorded as the black bear entered the exclosure, by prying apart the apron and the fence, on June 24, 2014.

Discussion and recommendations
Phase 1
The exclosure prevented common predators of boreal caribou from accessing bait at the study site.
Although two bears managed to enter the exclosure, the problem was identified and corrected using the
remote cameras and a simple retrofit. No bears entered the exclosure after the retrofit, though it
appears that bears no longer visited the exclosure after the retrofit was completed. Even when an entire
moose carcass was placed in the exclosure on September 19, no bears visited the site. This reduces our
ability to conclude that the retrofit can effectively exclude bears. We can, however, definitively conclude
that the original design and retrofit prevented wolves from breaching the exclosure.
There are several potential reasons why bears were not recorded at the exclosure after the retrofit was
conducted. It is possible that bears were adequately deterred by the fence, but these detections could
have been missed by the cameras. However, we are certain that bears did not enter the exclosure after
the retrofit, because the camera that was aimed directly at the bait did not trigger. In addition, July and
August (i.e. after the retrofit) were unusually hot and the blood-based bait appeared to dry quickly,
potentially reducing the ability of the bait to attract predators.
Despite the caveats mentioned above, the current design appears to be robust to predator incursions
and is well suited to the simple terrain conditions where it was built. In reality, our test is likely overly
conservative because the bait we used was probably a much stronger attractant to predators than what
would occur within an exclosure that was hundreds of square kilometers.
Obtaining bait was the greatest challenge encountered during Phase 1 of this study. We were not
permitted to use road killed deer due to concerns over chronic wasting disease, and road-killed moose
were rare. We have begun stockpiling blood from abattoirs to use for trials this spring.
Phase 2
Phase 2 will be divided into two components: Further testing of exclosures, and testing fences across
varied terrain conditions
Further testing of exclosures
Additional testing of the current fence design is warranted because of the uncertainty remaining with
the ability of the apron retrofit to exclude black bears. However, we recommend reducing the size of the
existing exclosure so that additional designs can be tested at the same time. A new study testing
highway exclusion fencing in Banff National Park used multiple fence designs, each about 6 m in
diameter, at the same study site. Researchers were able to compare the animals’ responses to the
different designs even though the exclosures were close together (i.e. 20 m apart; Dan Rafla, Pers. Com.)

Drawbacks with the current fence design include high cost and potential difficulties of installation across
varied terrain conditions. The estimated cost is $183,000/km (including economies of scale when
applied to a large area), so for a 400-km2 (20 x 20 km) area the total cost would be roughly 15 million.
Complex terrain would also be a challenge with this approach because it relies entirely on physically
preventing predators from entering an area, so any gaps arising from complex terrain (i.e. rivers or bogs)
would require design solutions that would also need to be tested.
Phase 2 will investigate the concept of using horizontal electric wires as an "initial barrier" or
"supplemental barrier" to traditional "primary barrier" fencing (i.e. typical high tensile deer fencing).
Bears will attempt to dig under fences and climb over them. Wolves do not jump over or climb fences of
appropriate height, such as high tensile deer fencing. Wolves only means of breaching a properly
installed primary barrier fence is go under it, usually accomplished by digging at the point the vertical
fence reaches the ground. Electrical fencing is successful in preventing bears and wolves from digging
under fences, and stops bears from climbing over fences. This concept is based on two principles:
1) Bears and wolves learn to avoid electrical fencing very quickly, usually from only one or two touches
of an electric wire, and for life.
2) Horizontal electric wires are not perceived by wolves and bears as a solid obstacle which reaches the
ground. Therefore, it does not occur to them to attempt to dig under electric wires that are placed a
few feet in front of the primary fence.
Typically animals dig to gain passage through a fence where the fence reaches the ground by starting
their dig at that point. That is why fenced "skirts" tend to work well - they stop animals from being able
to dig successfully under a fence because they commence their dig at the fenceline. It is not typical for
animals to commence a dig several feet from a fenceline. However, fence skirts are often difficult to
place in rough terrain and more costly to purchase and install than electric fencing. The placement of
horizontal electrically charged wire a few feet from the main fence provides an effective initial barrier to
wolves that have learned to respect electric wires. Although a similar result can been achieved by
having the electric wire directly at the fence, placing it away from the fence has achieved greater
success (Ken Macquisten, personal communication). Again, this result seems to occur because of the
spatial separation between the negative stimulus and the fence itself. To deter bears from fence
climbing, 1 to 2 wires can be placed at the mid or upper level of the fence, but directly at the fence.
Using electric fencing as the initial barrier a few feet back from the primary barrier fence means even
this may be unnecessary.
In summary, there are several potential advantages using and electric fence, including:
1. Easier implementation: High-tension Electric wire can be strung up for long distances and reduces the
need for posts.
2. Reduced cost: Electrification can eliminate the need for expensive modifications such as the
corrugated steel and apron. The estimated cost for an electric fence applied to a large area (400 km2) is
$77,000/km, for a total cost of 6.2 million – about half the cost of the current design.

3. Behaviour: Learned behaviour can be a powerful tool and reduces the need to rely on a physical
obstruction. Challenging terrain sections may be covered without any fencing at all, simply by using 1
strand of electric wire – especially if those animals have been trained to avoid that wire.
Therefore, we recommend 2 small exclosures (75 to 100 m2) – one testing the current design, and one
testing the electric design with the bottom wire extended 1.5 to 2 m from the fence. Similar baiting and
camera protocols would be used.
Fencing across varied habitats
The objective of this component is to test the logistics and feasibility of building fence(s) fence through
varied habitats. We suggest testing both the Phase 1 design and the electrified fencing option during the
winter of 2014/2015. No exclosures would be built in this case, but instead the fences could either be
continuous as 1 long segment, or could be in multiple small segments (200 to 400-m long) to transect as
many habitats as possible. At a minimum, the fences should cross wetlands such as fens and treed bogs,
small marshes and swamps. For ease of implementation, fences should be built along exiting seismic
lines or other linear features. These trials would not be baited, but should be equipped with wildlife
cameras every few hundred meters to record encounters with the fence. We recommend selecting a
series of sites using a GIS, followed by a field visit to flag out fence line(s) at the end of January, with
construction to begin shortly after.
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