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EXECUTIVE SUMMARY

Canada’s Rocky Mountain front harbors the richest diversity of large mammals remaining in
North America. The Trans-Canada Highway (TCH), a major east—west transportation corridor,
bisects Banff and Yoho National Parks. For 25 years, Banff National Park has been the focus of
efforts to mitigate the impacts of the TCH on wildlife mortality and habitat fragmentation. A
range of engineered mitigation measures—overpasses, underpasses, fencing—was designed to
reduce wildlife mortality and increase population connectivity. These measures have been
incorporated into the design of successive TCH “twinning” projects (widening from two to four
lanes) since 1982.

This stretch of four-lane highway comprises the first large-scale complex of highway mitigation
measures for wildlife of its kind in the world. The significance of these wildlife crossing
structures has led to Banff assuming international leadership in highway mitigation performance
and evaluation, design criteria, and connectivity studies for a wide range of animals at a
landscape scale. It is the perfect natural laboratory for understanding the conservation value of
highway mitigation measures for a variety of wildlife species.

For 12 years, researchers led by Dr. Tony Clevenger have closely monitored how different
species use these structures, and in the process have collected an enormous volume of valuable
data on crossing frequency, species preference and behaviour. Since 2002, Dr Clevenger has
been affiliated with the Western Transportation Institute at Montana State University (WTI). In
2005, the Woodcock, Wilburforce and Kendall foundations, along with WTI, approached Parks
Canada’s senior managers in the mountain parks with a proposal for continued monitoring and
research. A four-year partnership agreement was formalized among the parties to support the
Banff Wildlife Crossings Project (BWCP).

The Banff research has amassed the most complete and scientifically sound body of information
in the world on how wildlife and populations respond to wildlife crossing mitigation. The
research provides a basis from which to assess the effectiveness of wildlife crossing structures
and provide recommendations to transportation practitioners and wildlife managers on the
environmental and societal benefits of these highway infrastructure investments.

Extensive efforts have been made to share this valuable data with the public and other
researchers throughout Canada and the world. These have included numerous lectures, symposia,
museum exhibits, workshops, publications in scientific journals and the popular press, and
presentations to schools and civic groups.

In 12 years of monitoring, researchers have detected wildlife using these crossing structures
more than 185,000 times. Among the findings:

e QGrizzly bears are making increasing use of the new crossing opportunities. The number
of recorded grizzly bear crossings has soared 35-fold, from five instances in 1996 to 177
in 2008. As a proportion of all wildlife crossings, grizzly bear use went from one of every
2000 crossings to a little more than one in 100 crossings.

e Use by other species has fluctuated. Elk usage declined by 45 percent as a proportion of
all crossings during the period, while deer use of the crossing structures has increased
dramatically from 45 percent to over 70 percent in a 10-year period.
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e Several unique or unexpected observations of species using the Banff wildlife crossing
structures have been made. For instance, red fox, striped skunk and hoary marmot have
each been detected using the structures. The presence of boreal toads has been recorded
on Wolverine overpass, garter snakes were seen at Duthil wildlife underpass, and beavers
were detected using the Redearth Creek underpass. These detections have been aided by
the use of remote infrared-operated cameras.

e There also have been noteworthy species—primarily moose, wolverine and lynx—
detected using the crossing structures less frequently than most large mammals. Current
information on the moose population suggests that there are few localized individuals in
the middle and lower Bow Valley. Wolverines were detected four times using three
different crossing structures. Lynx were detected twice using two crossing structures. To
our knowledge, these are the first detections of wolverine and lynx using wildlife
crossings in North America.

e We found that the presence or absence of an alpha female wolf makes a significant
difference in how wolves use the crossing structures. The number of recorded through
passages by wolves decreased 13 percent in the month after the mortality of a putative
alpha female wolf, despite there being more attempted crossing events during this time
than during the month before the mortality. We also found that wolves were more
hesitant to use the crossing structures after the mortality event. The number of crossing
events where wolves hesitated increased threefold following the death of the alpha
female.

¢ In looking at the relative use by wolves, cougars and coyotes, we found that there was a
very low probability of any of these three species being detected at the same wildlife
crossing structure during the same time interval. This supports the hypothesis that the
three conspecifics avoid each other. Interestingly, when they were detected during the
same monitoring check interval, coyotes were almost twice as likely to be detected with
wolves as with cougars. Cougars and wolves rarely co-occurred at the crossing structures.
That cougars and wolves appeared to avoid using the same crossings suggests that inter-
species interactions may be a more important factor in determining species use of wildlife
crossings than we have previously thought.

Relationship between population size and passage rates at wildlife crossing structures

Long-term monitoring of wildlife crossing structures along the TCH in Banff has generated an
impressive collection of wildlife activity and distribution data since 1996. However, passage
rates at wildlife crossing structures have yet to be directly associated with actual population sizes
of wildlife in the surrounding landscape. We used aerial and ground survey records of the Bow
Valley elk population from 19962007 to compare frequency of crossing structure use over time.
We calculated the frequency of crossing events at each wildlife crossing structure as a function
of population size. We looked for an association between the annual population estimate and the
seasonal total of crossing structure passages at each site.

Elk population size and crossing events were strongly associated, particularly at the open span
bridge designs along Phase I and II. The Powerhouse underpass had the best overall correlation
with population size. Correlations between wolf crossing events and population size were weaker
than correlations for elk. Passages at Healy were most consistently correlated with population
size. Given the importance of management benefits from these initial findings, we recommend
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that population studies be carried out to allow for additional assessments of the proximity and
strength of association of the two types of data in the Banff and KYLL Field Units.

Use of crossing design types

Analyses from our earlier research showed that some species display a preference for the types
of crossing structures they use. Grizzly bears, wolves, moose, deer and elk tended to prefer large,
open structures with good visibility, while cougars, and to some extent black bears, tended to
prefer smaller structures that provide more cover. For this report, we analyzed our 12 years of
monitoring data in a paired comparison of each of the wildlife overpasses with its nearest
wildlife underpass. This side-by-side comparison found species-specific preferences similar to
the previous results: grizzly bears, moose, wolves and the three ungulate species almost always
used overpasses rather than the nearby underpasses, while black bears were inconsistent in their
use of the two structure types, and coyotes and cougars showed a relatively equal distribution of
movements at the two types of structures.

We also looked at the relationships between the four types of wildlife crossing designs used by
the eight species to see whether they were constant over the 12-year monitoring period. The
proportional use of the wildlife crossing design types (box culverts, metal culverts, open-span
bridge underpasses, wildlife overpasses) was consistent year to year for many species. The most
regular and consistent species in terms of design type usage were deer, elk, moose, grizzly bears,
and wolves. The relative use of crossing design types by these five species varied slightly or not
at all during the 12-year period. However, for cougars, black bears and coyotes the relative
proportion of use by crossing design type changed markedly from year to year. It is noteworthy
that these three species, which appear to be the least consistent in crossing design selection, are
the same species whose use of the crossing structures we found to be affected most by larger
conspecifics. These species are most subject to displacement and predation by the larger
conspecifics, and this may suggest that cougar and black bear preference for smaller wildlife
crossing structures is less a function of selection and more influenced by the presence of larger
conspecifics in the study area.

Wildlife response to new and established crossing structures

The frequency of through passages was higher on crossing structures built during the earlier
Phases I and II of highway construction than on the more recently built Phase IIIA structures,
and in later winters for all phases (see Figure 2.1 through Figure 2.5 for details on the highway
construction phases and associated crossing structures). Species-specific passage rates follow
these general trends, suggesting that species become more likely to use crossing structures as
time passes.

The question of how animals respond or adapt to newly constructed wildlife crossings has direct
management implications for the newly constructed Phase IIIB wildlife crossings near Lake
Louise, and other soon-to-be-constructed wildlife crossings there that are scheduled for
completion in 2012.

Adaptation and learning at the wildlife crossing structures

Our long-term monitoring has demonstrated that there is an adaptation period and learning curve
for large mammals using the wildlife crossing structures, and that ungulates adapt more quickly
than carnivores. In Banff we have learned about the adaptation period in two ways. First, snow
track transects were conducted around the entrances to both established and newly constructed
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wildlife crossing structures (see above). On average, the “through-passage rate” on new crossing
structures was about half that associated with established sections. Next, we examined time-
series data from three ungulate and five carnivore species using the Phase IIIA wildlife crossings
from inception (1997) to the present (2008). For the eight species, use of the crossing structures
increased and then leveled out after an average of four to six years.

The average duration of efforts to monitor wildlife crossing structure use is 17 months. This 12-
year dataset allowed us to more fully investigate wildlife adaptation to crossing structures and
underscores the importance of long-term monitoring to inform decision making.

Grizzly bear use of the Banff wildlife crossings

Grizzly bear use of the crossing structures has been increasing since monitoring began over 12
years ago, from only five crossings in 1997 to 177 in 2008. Several factors may explain this
relationship. First, the grizzly bear population appears to have increased in the Bow Valley since
monitoring began in 1996. Second, grizzly bears could be learning that crossing structures
provide safe passage across the TCH and thus may be repeat users. And third, many family
groups have been documented using the crossing structures. Thus, young bears may be learning
to use the crossings when part of a family group. When these subadult bears disperse from the
maternal range they may continue to use the crossing structures. Ongoing graduate research by
Mike Sawaya on the genetics of bear use of the wildlife crossings will shed more light on what is
likely causing the trend toward increased use.

Genetic connectivity of grizzly and black bear populations across the TCH

Until now, studies have not gone beyond showing that various species will use crossing
structures, with the assumption that the greater the use, the more successful the crossing
structure. Questions remain, however, as to whether these measures actually improve population
viability and which species might benefit from them? In a three-year study, DNA samples were
obtained from the hair of bears that were using 20 of the 23 crossings, while hair traps and rub
trees dispersed through the area were systematically surveyed to obtain comparable genetic
information from the bear populations in the surrounding landscape. Individual identifications
and genders were determined from samples collected from all three sampling methods.

Sampling success. Of the bear crossing events at the crossing structures, the percentage from
which we obtained hair samples (hair-sampling success rate) ranged from 47 to 50 percent for
black bears and 50 to 63 percent for grizzly bears between 2006 and 2008. The rate of hair
sampling for black bears remained relatively constant, while the rate for grizzly bears declined
slightly during the three-year period. Although our hair-sampling system was not designed for
cougars or wolves, sampling rates for these two carnivores ranged from 17 to 33 percent for
cougars and 29 to 56 percent for wolves.

Summary of genetic analysis. In 2006, 11 black bears (five females, six males) and 11 grizzly
bears (four females, seven males) were identified using the wildlife crossings. In 2007, eight
black bears (four females, four males) and 12 grizzly bears (six females, six males) were
sampled using the wildlife crossings. These are considered minimum estimates of individuals
and genders using the crossings as we were unable to sample hair from all individuals and not all
samples were adequate for genetic analysis. Samples collected in 2008 are awaiting analysis. The
DNA amplification success rate varied between 55 percent and 82 percent for black and grizzly
bear samples obtained at the wildlife crossings. Amplification success rates of hair samples from
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cougars and wolves ranged from 39 percent to 81 percent. In 2006, three wolves (one female,
two males) and one cougar (male) were identified, whereas in 2007 a total of five wolves (four
females, one male) and three cougars (males) were identified using the crossings.

Spatial pattern of hair sampling and track detections. Data from black and grizzly bears were
collected at the wildlife crossing structures using track pads and hair collection methods. During
the 2006 and 2007 field seasons, we detected 178 black bear crossing events using track pads,
and collected at least one hair sample from 71 (40 percent) of those crossings. For the two years
of data that we have been able to analyze, black bear hair collection was highly correlated with
the black bear track detections (r°=0.87). The distribution of black bear hair sample collection
was strikingly similar to distribution of black bear track detections. Black bear track detections
occurred at 15 wildlife crossing structures, while hair samples were obtained from 14 crossing
structures. During the same period, we detected 211 grizzly bear crossings and collected at least
one hair sample from 86 (41 percent) of the grizzly bear crossings. Similar to black bears, grizzly
bear hair collection was highly correlated with grizzly bear track detections (r*=0.99). Grizzly
bear track detections occurred at 13 wildlife crossing structures, while hair samples were
obtained from only four crossing structures. Unlike grizzly bear track detections that were
obtained from a wide geographic range of wildlife crossings, hair samples were obtained from a
limited number of wildlife crossings.

Temporal pattern of hair sample collection. The collection of hair samples from bears using the
wildlife crossings was strongly associated with the month of the year. The temporal pattern of
black bear and grizzly bear hair collection was strikingly similar. The peak of black bear and
grizzly bear hair collection occurred in June and July. The similarity between species and timing
of the peak could be explained by their seasonal movements for foraging and reproduction
purposes. We suspect that as bears spend more time in the valley bottom habitat foraging and
breeding, there is greater likelihood that they will also need to cross the TCH via wildlife
crossing structures.

Individual use of wildlife crossing structures. The mean number of bear crossings per individual
identified through DNA analysis was 5.4 for black bears and 6.1 for grizzly bears. There was
more variability in the number of crossing events per grizzly bear individual than per black bear
individual (range=1-17 vs. range=1-25, SE=1.73 vs. SE=1.53). Among black bears, two
individuals were detected from hair collection in a high proportion of crossing events. For
grizzly bears, one male individual was detected from hair collection in a high proportion of
crossing events. Bear use of crossings may be a function of age, or social and reproductive
status, and without knowing the age of an animal, we are unable to know about the other
conditions. Cubs of the year are small, which should make them more difficult to detect with our
hair sampling system, thus resulting in underestimating their use of crossing structures.

Future direction. In 2009, we will continue to analyze the 2006 and 2007 data, and pursue
funding for genetic analysis of the hair samples collected in 2008. While all of the 553 samples
collected from the wildlife crossings in 2008 have been extracted and genotyped, many samples
that were collected in the core of the study area have not, including 478 rub tree samples and
1,125 hair trap samples. The estimated cost to analyze these samples is $30,049.

Once we have the complete 2008 genetic dataset, we will work with Dr. Mike Gibeau, carnivore
biologist for Parks Canada, to compare three noninvasive genetic sampling methods (hair traps,
rub tree surveys and scat detection dogs) for monitoring grizzly bears in the mountain parks. This
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report could be extremely useful for planning proposed bear population surveys along Phase I1IB
of the TCH and Highway 93-South in Kootenay National Park.

We will continue to examine the data that has been collected and analyzed. We will evaluate
whether the TCH is a barrier to gene flow by calculating the magnitude of genetic differentiation
(Fs) across the TCH and performing partial Mantel tests to determine the cause of
differentiation, if found. We will use landscape genetics to compare the relative magnitude of
genetic differentiation across the TCH with other potential barriers to movement. Our
collaboration with Dr. Guillaume Chapron provides a unique opportunity to develop a genetic-
based population viability analysis (PVA) model. We will parameterize Dr. Chapron’s
individual-based, spatially explicit model using our genetic data (population size, movement
rates, etc.) and use the model to explore the relationship between wildlife crossings and gene
flow. The combination of landscape genetic analysis and PVA will give us a better
understanding of the link between highway mitigation measures, gene flow and population
viability.

Cameras as a cost-effective technology

Through careful analysis and comparison of different detection methods, we have determined
that remote cameras are the most cost-effective means of conducting crossing structure
monitoring. This method has implications for future monitoring of wildlife crossings in Banff
and for other resource managers planning monitoring programs elsewhere. Our analysis
comparing monitoring techniques was only possible given the long-term nature of our project,
the tools and infrastructure the project has developed over the years to equip so many crossings
with remote cameras, and the personnel to design the analysis. We believe these results will
significantly change the way wildlife crossings are monitored in the future, in Banff and by
others elsewhere.

Road-related mortality of wildlife in the mountain parks

Road-related mortality of wildlife has been a problem in both Field Units and a cause for concern
for many years. The long-term trend and prospects are for increasing traffic volumes on the TCH
and other roads in the parks. Development of practical highway mitigation will rely on an
understanding of patterns and processes that result from highway accidents involving elk and
other wildlife. We summarized the occurrence of road mortalities from the TCH and other
highways in both Field Units from 1996 to 2008.

e Road mortality rates were 50—100 percent lower for large carnivores along the mitigated
section of the TCH than on other stretches of the highway.

e Medium-sized carnivores, primarily coyotes, have much higher mortality rates within the
fenced mitigated section of the TCH compared to farther west on the unmitigated portion.
At least two factors can explain this phenomenon: 1) fencing was generally not designed
to prevent animals coyote-sized and smaller from accessing the right of way; and 2) there
are more coyotes in the eastern, mitigated portion of the Bow Valley.

e Ungulate mortality was two to four times lower on the mitigated section of the TCH. This
was driven primarily by lower rates of mule deer, elk and moose mortalities. White-tailed
deer mortalities were still slightly higher along Phases I, II and IITA (mitigated) than on
Phase IIIB. Moose mortality rates were substantially higher along the unmitigated
sections of Phase IIIB and in Yoho National Park than they were farther east. Again,
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these patterns could be explained by species distributions along the Bow Valley, with
more moose and mule deer farther west of Banff and more elk and white-tailed deer in
the eastern part of the study area.

e Large-carnivore mortalities along the mitigated section of the TCH were much lower than
along the unmitigated sections. There were some sporadic black bear mortalities in the
late 1990s and in 2003 along the fenced section. However, there has been a recent and
fairly dramatic upward trend in black bear road mortalities along the unmitigated Phase
IIB. Cougars and grizzly bears were rarely detected as road-kill along any of the
sections. Wolf mortalities remain low, and their mortality rates are relatively stable.

e Mortalities among medium-sized carnivores were dominated by coyotes along all three
sections. Though the mortality rate was highest along the mitigated section, the trend has
declined since 1996 from 23 kills/100km/year to 5 kills/100km/year. Conversely, both
Phase IIIB and the TCH in Yoho showed an increasing trend recently in coyote
mortalities.

e The overall trend in road mortality rates for elk indicates that mitigation is quickly
moving them towards zero along the mitigated section of highway. Further analysis will
incorporate traffic volumes and more spatially precise relationships between population
estimates and mortality locations.

Dispersal requirements of high-elevation localized species

Increased recreation, a growing transportation infrastructure and even logging outside the
mountain parks all have the potential to limit dispersal and thereby fragment and isolate wildlife
populations. Mountain goats, bighorn sheep, hoary marmots and pikas are a few examples of
high-elevation, localized species (HELS) living in alpine habitat that form metapopulations, or a
network of populations linked by dispersal. Currently, the locations of landscape corridors
linking HELS habitat in the Canadian Rockies are not well known or understood, nor have the
historic and anthropogenic landscape factors that may limit dispersal between patches been
clearly identified. Park management should strive to obtain baseline population genetic
information and determine how landscape features influence gene flow and exchange of
individuals among populations.

We extracted records of species occurrence from the Parks Canada Observation Master Database
between 1978 and 2008 for the Banff and KYLL Field Units. Bighorn sheep, mountain goat and
hoary marmot populations appear to be the most promising target species for obtaining baseline
population genetic information to evaluate how landscape features influence gene flow and
exchange of individuals among populations.

Rationale for further monitoring

Unique information on population trends. Currently, only two species of large mammal are
reliably censused each year in Banff. Elk are systematically counted on a regular basis and wolf
populations are compiled from a variety of formal and informal sources. Aside from the crossing
structure data, there is no other database of large mammal population trends in Banff. Other park
databases have their limitations (geographic, seasonal, taxonomic) and are not suitable for
documenting annual or seasonal changes in relative distribution and abundance of wildlife. The
consistent, year-round monitoring data remains the most comprehensive and reliable long-term
data in the Banff Field Unit for monitoring changes in species distribution and abundance over
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time.

Valuable information for public safety and managing human-wildlife conflicts. With most
human and wildlife activity located in the valley bottoms, having current, reliable and localized
data on the movements of carnivores helps wildlife managers improve visitor and wildlife safety.
Updates emailed from the BWCP are used by the Banff Field Unit’s human—wildlife conflict
specialist to obtain real-time data on the movements, location and direction of travel of species or
individual animals of management concern.

Are high-elevation, localized species adapting to highway mitigation? Recent developments in
our monitoring methods have improved our species identification and detection probabilities. For
species that use the valley bottoms less frequently, it can be easy to miss their important but rare,
sporadically occurring movements. Unlike the use of track pads, camera-based monitoring of the
crossing structures will provide more reliable information documenting the movements and
direction of travel of species with localized distributions needing to disperse across the TCH and
Bow Valley.

Maintaining methodological rigor for future analyses. It is not always possible to envision how
large-scale, long-term databases can be used. Providing a similar approach to monitoring over
the coming years will put Parks Canada and the BWCP in a better position to build upon the data
gathered the last 12 years. These data are unique worldwide, as no other highway mitigation
project has been so closely monitored for such a long period as the TCH in Banff.

Leveraging funding with partners. The BWCP has been a successful partnership, merging
common interests of private foundations, an academic research institute and a governmental
agency. Partnership funding consisted of a 2-to-1 match for every dollar of Parks Canada
funding. Although this funding scheme is not sustainable for WTI and partnering foundations,
the ability to leverage Parks Canada funds with partnering organizations provides significant
cost-benefits to carry out research addressing the national park mandate.

Out of Banff: Data needs for highway mitigation planning in KYLL

Until now a large part of our research has been situated in the Banff Field Unit as the mitigated
sections of the TCH lie entirely within that management district. Apart from the TCH, other
highways in both Field Units also have significant impacts on wildlife populations. Highway 93-
South is of particular concern to management because mitigation from a highway twinning
project is unlikely within the next 20 years. The TCH in Yoho National Park has lower traffic
volumes than the sections in Banff, but has had consistently high mortality rates for wildlife in
the last decade. Because of the imminent conflicts between transportation and wildlife
conservation, Highway 93-South and the TCH in Yoho National Park are emerging to the
forefront of environmental stakeholder and KYLL resource management concerns.

Highway 93-South. Based on recommendations from Huijser et al. (2008), short-term, site-
specific mitigation is planned as part of a Parks Canada-funded “Action on the Ground” project.
Pre-mitigation baseline information will need to be collected for three monitoring objectives:
demographics, movement and mortality.

Kootenay grizzly bear monitoring. During summer 2008, two grizzly bears were killed in two
traffic accidents on Highway 93-South. Prior to 2008, only one instance of a grizzly bear killed
on this highway had been reported. Increasing traffic volumes, combined with the Kootenay and
Vermilion Valleys transforming into excellent bear habitat due to the 2001 and 2003 fires, will
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only exacerbate conflicts between bears (and other wildlife) and transportation. Little is known
about the local grizzly bear population in terms of numbers, distribution and movement between
adjacent watersheds, such as the Bow Valley. We recommend research on baseline information
on grizzly bear distribution and minimum population size as soon as possible. Our knowledge of
the efficacy of different genetic sampling techniques in Banff can be applied to the Kootenay
situation.

TCH in Yoho National Park. The next phase of TCH twinning will occur in Yoho National Park.
Data have been collected here the last 10-15 years on wildlife road-kill, winter road crossing
locations, and to some extent animal movements. For planning the highway’s reconstruction it
will be important to continue data collection with the same intensity and effort as in the past.
This work should be part of the TCH Phase IIIB wildlife monitoring plan currently being
prepared. These data will form a solid starting point for initiating work toward recommendations
for future mitigation measures, their design and construction.

Future research in Banff and KYLL Field Units. As part of the current twinning of the TCH
Phase IIIB a wildlife monitoring and research plan is being prepared. The proposed monitoring
plan will guide evaluations of the newly constructed mitigation measures between 2009 and
2014. Monitoring is planned to include: (1) Changes in wildlife—vehicle collisions; (2) Restoring
population-level movements across the TCH wolverine, lynx and grizzly bear populations in
particular); (3) Identifying key wildlife crossing and culvert design criteria; (4) Changes in
distribution and area used by wildlife adjacent to Phase IIIB corridor and larger landscape; (5)
Changes in fence intrusions into TCH right-of-way by fencing and Texas gates; (6) Restoration
of harlequin duck movements across the TCH; and (7) Assessing effects of TCH on population
genetics of high-elevation localized species (bighorn sheep, mountain goats, hoary marmots).
Many research activities are suitable for graduate research projects.
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1. INTRODUCTION

Canada’s Rocky Mountain front harbors the richest diversity of large mammals remaining in
North America. This landscape is among the continent’s last remaining undisturbed natural
areas, and provides an important trans-boundary landscape linkage with the United States
(Weaver et al. 1996; Chester 2006). Today the entire Rocky Mountain cordillera on both sides of
the border is experiencing rapid change. More people are moving to the area, the energy sector
continues to grow and expand, recreational use is on the rise, and highway and rail traffic are on
the upswing. Burgeoning suburban development is causing increasing use and expansion of
transportation infrastructure throughout the Rocky Mountain cordillera (Hansen et al. 2002).
New destination resort developments and their amenities are being built or expanded in most
regions. As a result, landscapes that were once relatively intact are becoming increasingly
fragmented. Roads are of particular concern in the Yellowstone-to-Yukon bioregion as they have
been identified as one of the most severe human-caused impacts in the ecoregion (Carroll et al.
2001).

The goal of many national parks and protected areas is to preserve the biological integrity of
unique landscapes from the human-induced change. Yet wildlife populations within national
parks are not necessarily more protected than those residing outside their boundaries (Newmark
1995; Parks and Harcourt 2002; Ament et al. 2008). Some parks and protected areas can have
wildlife road mortality rates in the tens of thousands (Kline and Swann 1998) with significant
impacts on certain populations such as moose (Bangs et al. 1989), snakes (Bernardino and
Dalrymple 1992; Rosen and Lowe 1994) and other large mammals (Gunther et al. 1998).
Canadian parks are known to lose hundreds to thousands of animals each year from road-related
mortality (Damas and Smith 1982).

Impacts of roads on the environment are attracting the attention of the scientific and conservation
community worldwide (Forman et al. 2003, Davenport and Davenport 2006, Beckmann et al. in
preparation). In recent years there have been a growing number of international conferences,
symposia, and special issues of scientific journals devoted to road ecology (Evink et al. 1996;
Hourdequin 2000, Luce and Wemple 2001). The anticipated growth in population and projected
highway expansion plans in the Rocky Mountain cordillera, coupled with the resounding concern
for maintaining large-scale, landscape connectivity, will continue to generate interest in
conservation tools and applications for addressing the diverse issues linking transport, ecology
and local communities (Hansen et al. 2002).

A concern among many land mangers is the effect roads have on fragmenting wildlife
populations. A recent study of bobcat (Lynx rufus) and coyote (Canis latrans) populations
bisected by a busy southern California freeway was able to show that although individuals
successfully crossed the freeway, they did not always contribute to gene flow through
reproduction (Riley et al. 2006). The home ranges of these two territorial species abutted but did
not cross the highway, resulting in significant genetic differentiation between populations on
either side (Strasburg 2006). Further, a recent review paper published in the journal
Conservation Biology found that currently there is no evidence demonstrating that highway
wildlife overpasses are effective at preventing genetic isolation (Corlatti et al. 2009).

Banff National Park (hereafter referred to as Banff) possesses the first large-scale complex of
highway mitigation for wildlife of its kind in the world. Nowhere in the world are there as many
and diverse types of wildlife crossing structures and associated biological data on wildlife

Western Transportation Institute Page 1



Banff Wildlife Crossings Project, 2005-2009 Introduction

distribution, movement and ecology. Over the past 25 years, the wildlife crossings in Banff have
been a model of worldwide importance (Evink 2002; Hilty et al. 2006). The significance of the
Trans-Canada Highway (TCH) wildlife crossing structures has led to Banff assuming
international leadership in highway mitigation performance and evaluation, design criteria, and
connectivity studies for wide-ranging animals at a landscape scale (Evink 2002). In short, it is
the perfect natural laboratory for understanding the conservation value of highway overpasses
and underpasses for a variety of wildlife species.

Conservation challenges and management needs

The effects of roads on wildlife generally, and of the TCH in Banff specifically, are to reduce
wildlife population viability through increasing mortality and disrupting rates of gene flow
across the highway. Attempts to minimize these effects must therefore focus on reducing
wildlife—vehicle collisions, while ensuring wildlife can access food, shelter and mates across the
landscape and throughout the year to enable populations to persist. Achieving ecological
integrity under these circumstances requires cooperative efforts from a suite of disciplines
including civil engineering, environmental design, transportation planning and biological
sciences (Forman 1998).

In 1978, the federal government proposed to expand the width of the TCH in Banff from two to
four lanes, a process known as “twinning” the highway (McGuire and Morrall 2000). Measures
designed to mitigate impacts of the expanding highway were built in each successive twinning
project. Twinning projects have proceeded in a series of phases, beginning with Phase I in 1979
and continuing through the current day with Phase I1IB. Today the TCH through Banff and Yoho
National Parks supports the highest volume of through traffic of any North American national
park and it is recognized as an important stressor to the ecological integrity of the park
ecosystem (Banff Bow Valley Study 1996). Parks Canada’s mandate is to maintain or enhance
ecological integrity. Therefore resource managers need to determine whether mitigations are
reducing risks of road-related mortality of wildlife, improving the permeability of the highway
for all organisms, and providing for the long-term sustainability of populations in the area.

Generally, there has been a lack of indicators or criteria developed pre-construction to adequately
assess how well wildlife crossing structures ultimately perform in meeting land management and
transportation objectives. Management within Banff has evaluated mitigation performance
through long-term monitoring (Clevenger et al. 2002). Results of monitoring and research of
Phase I, II and IIIA mitigation measures were used to guide the planning and design of
mitigation on Phase IIIB. This adaptive management approach was sought by Parks Canada to
streamline planning by obtaining recommendations based on credible science.

From 1996 to 2002 funding for the long-term research of the TCH mitigation was provided
entirely by Parks Canada’s Highway Service Centre. In 1996, Tony Clevenger was hired by
Parks Canada to assess the performance of Banff’s highway mitigation measures. In 2002, a
rigorous, five-year study was completed and a report prepared for Parks Canada (Clevenger et al.
2002). Once this initial phase of monitoring was complete, Parks Canada scaled back funding to
maintain only basic monitoring of the crossing structures, with little in the way of support for a
continued research program or personnel.

In 2002 the principal investigator became affiliated with the Western Transportation Institute
(WTI) at Montana State University, while maintaining the monitoring program in Banff and
searching for broader support to reinitiate long-term research. In 2004, funding from the
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Woodcock and Wilburforce Foundations provided a base from which to begin pilot research
devising a non-invasive method of sampling DNA from bears using the Banff crossing structures
(see Section 4, Genetic connectivity...). In 2005, the Woodcock, Wilburforce and Kendall
Foundations, and WTI, approached Parks Canada’s senior managers in the mountain parks with
a proposal for continued monitoring and research. A four-year partnership agreement was
formalized among the parties to support the Banff Wildlife Crossings Project (BWCP).

An international public—private partnership, 2005-2009

The BWCP research, education and outreach efforts are a combined endeavor of a public—private
partnership that includes a federal agency, a university institute and private foundations.

Parks Canada, in particular the Banff and Kootenay—Yoho—Lake Louise (KYLL) Field Units and
Highway Service Centre, manages the construction and maintenance of the wildlife crossings
and assures they conform with the national park’s commitment to protect, as a first priority, its
natural heritage so that it remains healthy and whole.

WTI leads the scientific research, education and outreach activities. Tony Clevenger is WTI’s
principal investigator and has focused his research on wildlife and the TCH since 1996. He has
published his results in leading international scientific journals and used his findings to educate
transportation professionals and wildlife ecologists, as well as guide other highway projects
across the Canadian Rockies and throughout North America.

Project goal and objectives

The BWCP’s monitoring and wildlife research, coupled with outreach and education, aims to
properly inform the transportation community and wildlife managers of the environmental and
societal benefits of Banff’s highway infrastructure investments. In addition, the Project seeks to
share its findings on wildlife crossing design elements, requirements and their effectiveness. The
BWCP goal is to increase transportation and wildlife agency understanding and community
awareness so that other busy roads in the mountain parks and other locales in the Canadian
Rocky Mountains and the United States benefit from the findings of the BWCP. This will allow
other communities to develop sustainable transportation practices that provide ecological
connectivity for wildlife across their transportation corridors as well as maintain motorist safety.

The objectives of the BWCP were divided into four areas:

1. Partnership: Maintain and continue the international public—private partnership in
conservation science and management of transportation systems in natural and working
landscapes. Garner support and interest in the BWCP from Canadian foundations.

2. Science: (a) Conduct research measuring gene flow of grizzly and black bears using
wildlife crossings of the TCH and work modeling population viability; (b) Continue
monitoring and research of wildlife-crossings use by a variety of wildlife species,
including newly constructed Phase IIIB crossings; (c) Based on results, develop science-
based guidelines for designing effective wildlife mitigation for transportation projects.

3. Technology transfer and education: Present the research findings in major international
journals, books and conferences on transportation and ecology. Provide greater
professional understanding and knowledge of measures to reduce highway impacts on
wildlife and fisheries through training courses. Support university graduate students
active in the project and use information for university classes, courses and symposia.
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4. Community awareness: Provide greater understanding and general public awareness of
the BWCP and research findings to allow leveraging for similar mitigations for highways
across the Yellowstone to Yukon bioregion and North America via field trips, workshops,
media coverage, and educational venues (i.e., schools, universities, museums). A
particular focus was put on Alberta and the Crowsnest Pass/Highway 3 area working in
concert with other educational and non-profit organizations.

Report objectives, content and format

This report describes the BWCP research, education and outreach activities conducted between
2005 and 2009. Parts of this report have been submitted as annual and interim reports to the
BWCP partnering agencies and organizations. Because of the long-term nature of our research
project we have provided information within two temporal contexts: (1) the partnership period
from 2005 to 2009, and (2) the entire project period spanning more than 12 years from 1996 to
2009. Prior to preparing the report we requested input from Parks Canada’s resource managers,
specifically regarding the report outline, content or analyses that could help their decision
making. We have incorporated those concerns and content requests in this report. We include a
comprehensive list of activities conducted under the umbrella of technology transfer, education
and outreach. Last, in preparing this report we have followed the statement of work and
addressed all the objectives of the terms of reference in the Collaboration Agreement between
Parks Canada, WTI, and the Woodcock, Wilburforce and Kendall Foundations, and the research
contract awarded to the principal investigator (contract KKP 2675).
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2. STUDY AREA

The research for this project is situated approximately 120 km west of Calgary, Alberta, in the
Bow River Valley along the Trans-Canada Highway in Banff (Figure 2.1). The TCH is the major
transportation corridor through Banff and Yoho National Parks, covering 76 km between Banff’s
eastern park boundary and the park’s western boundary at the Alberta—British Columbia border.
Traffic volume along the TCH is relatively high for the region, with an average of 17,970
vehicles per day in 2008 and increasing at a rate of 2.5 percent per year (Highway Service
Centre, Parks Canada, Banff, Alberta). An ecological description of the study area can be found
in Holroyd and Van Tighem (1983) and Holland and Coen (1983).
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Figure 2.1: Trans-Canada Highway study area, the mitigation phases and their stage of construction.

In the 1970s, safety issues compelled planners to upgrade the TCH within BNP from two to four
lanes, beginning from the eastern boundary and working west. Large animals were excluded
from the road with a 2.4-m-high fence erected on both sides of the highway, while underpasses
were built to allow wildlife to cross the road. The first 27 km of highway twinning (Phases I and
IT) included 10 wildlife underpasses and was completed in 1988 (Figure 2.2). The next 18 km
section (Phase IIIA) was completed in late 1997 with 11 additional wildlife underpasses and two
wildlife overpasses (Figure 2.3). The final 30 km of four-lane highway to the western park
boundary (Phase IIIB) has been divided into phased twinning projects. A first, 10-km section
referred to as Phase IIIB-1 includes eight wildlife crossing structures including two are 60-m-
wide wildlife overpasses will be completed in 2009 (Figure 2.4). A second project recently
funded by the federal government will twin the remaining sections of Phase I1IB between Castle
Junction and the Kicking Horse Pass. Construction on this Phase IIIB-2 section will begin in
2009 and completion is scheduled for 2012 (Figure 2.5).
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Figure 2.3: Phase I11A wildlife crossing structures on the Trans-Canada Highway.
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Figure 2.4: Phase 111B-1 wildlife crossing structures on the Trans-Canada Highway (completion 2009).
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Figure 2.5: Planned Phase I11B-2 wildlife crossing structures on the Trans-Canada Highway (completion
2012).
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3. LONG-TERM MONITORING OF WILDLIFE CROSSING
STRUCTURES

3.1. Introduction

Long-term data collection from the monitoring of Banff wildlife crossing structures has been the
basis from which we have gained a better understanding of how species adapt, use and benefit
from these mitigation measures. As mundane and routine as this data collection may seem, it is
the basis for assessing whether population and genetic connectivity are restored, understanding
how to adaptively manage future mitigation designs, and transfer knowledge to transportation
planners and land managers elsewhere.

Given the high utility and multi-purpose nature of the long-term monitoring data, this section
constitutes the largest part of the report. The section begins with a description of the
methodology used to collect data on animal movement at the crossing structures and how the
tools and techniques have evolved in the last 12 years. Summaries are provided for the
partnership period (2005-2009) and the entire length of the project (>12 years, 1996-2009).
Patterns of wildlife crossing structure use by large mammals are logically dynamic and can be
influenced by numerous intrinsic or extrinsic factors. Thus we describe some interesting findings
with regard to wildlife behaviour and adaptation to crossing structures during the last 12 years.
Last, looking forward to continued monitoring at the existing structures and those currently in
construction, we describe the benefits of a long-term approach and provide recommendations for
future monitoring of TCH mitigation in Banff.

3.2. Methods: Field data collection

All wildlife crossing structures in Phases I, Il and IIIA have been continuously monitored for
large mammal use since 1996 using track pads (Clevenger and Waltho 2000, 2005; Clevenger et
al. 2002). Monitoring consisted of checking the crossing structures and recording animal
movement across raked track pads. Track pads spanned the width of the wildlife underpasses and
were set perpendicular to the direction of animal movement. Most track pads had a =~2-m-wide
tracking surface, however, at the wildlife overpasses only a single, 4-m-wide track pad was set
across the centre. Tracking material consisted of a dry, loamy mixture of sand, silt and clay, 1-4
cm deep (Bider 1968). Each crossing structure was visited every two to four days throughout the
year. The quality of tracking medium to detect tracks at each visit was classified as good, fair,
poor or “inoperable,” the latter generally caused by accumulation of flooding, ice or snow drifts
on the track pads.

We identified tracks to species, estimated the number of individuals, their direction of travel and
whether they moved through the crossing structure. Species consisted of wolves (Canis lupus),
coyotes (C. latrans), cougars (Puma concolor), lynx (Lynx canadensis), black bears (Ursus
americanus), grizzly bears (U. arctos), wolverine (Gulo gulo), deer (Odocoileus sp.), elk (Cervus
elaphus), bighorn sheep (Ovis canadensis), and moose (Alces alces).

In estimating the number of individuals, we used the “too many” designation beginning in July
2006 because we noticed that large groups of ungulates can obliterate the track pad, thus
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increasing the likelihood of errors in identifying species, counting individuals and determining
direction of travel. Thus, crossing events occurring prior to these trampling events would also
likely go undetected by the track pad method.

We also recorded the amount of human activity (travel on horses, bikes or by foot) at each
crossing structure check. After collecting species movement data from the track pads they were
raked smooth for the next visit. Over three years, 20062008, during the months of May to
October, two strands of barbed-wire were strung across one of the track pads at most crossing
structures to obtain hair/DNA from bears using the crossing structures (see Section 4, Genetic
connectivity...).

Since 2005, motion-sensitive cameras have been increasingly used to supplement track pads to
monitor species use of the crossing structures. These cameras (Reconyx Inc., Holmen,
Wisconsin) also provide information on time, animal behaviour, and ambient temperature during
each crossing event. We found through monitoring animal movement at the crossing structures
with both track pads and cameras that cameras were a more reliable, cost effective and less
invasive means of monitoring crossing structure use than tracking alone (Ford et al. in press).
The results of this work are described in Appendix A.

For this report we summarized movement of wildlife at the Banff crossing structures by TCH
construction phase during two periods: (1) the period of the BWCP partnership from 2005 to
2009, and (2) the entire 12-year period that monitoring has been conducted at the wildlife
crossings since 1996.

3.3.  Summary data, 2005-2009

3.3.1. Phases I and 11

Since the beginning of the partnership in April 2005, we recorded a total of 55,553 passages by
mammals coyote-size and larger (see section 3.2) and humans using the 10 Phase I and II
wildlife underpasses (Table 3.1). Excluding human use, large mammals were recorded at the
underpasses a total of 49,743 times. Deer were the most frequently detected species at the
wildlife underpasses, accounting for 70 percent of all wildlife use (n=35,146 detected crossings),
followed by elk (n=9775 crossings) and bighorn sheep (n=1715 crossings). Among large
carnivores, coyotes used the underpasses more than 1600 times, followed by wolves (n=543
detected crossings), grizzly bears (n=429 crossings) and black bears (n=284 crossings). Human
use was relatively high compared to wildlife use, ranking third overall with nearly 6000 passes
recorded.
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Table 3.1: Summary data from monitoring wildlife crossing structures’ using track pads, fiscal years 2005-06 to 2008-09.

Crossing

structure Total bear black grizzly wolv- bighorn  human

Phase name use spp  bear cougar coyote  bear lynx  wolf erine deer elk moose  sheep use
 EAST 9802 1 13 70 137 4 0 1 0 8872 680 2 11 11
CARROT 1140 0 13 41 88 0 0 0 0 819 142 0 7 30
- MC 5266 0 25 28 107 2 0 3 0 4660 407 0 17 17
 DH 7436 2 94 104 87 2 0 14 0 5549 1521 0 46 17
 PH 3273 1 60 56 172 8 0 4 0 1737 879 0 22 334
. BUFF 7556 0 03 26 207 1 0 3 0 2452 3014 0 46 1804
Vv 3632 2 28 46 247 28 0 23 0 1870 859 2 102 425
. EDITH - 5265 0 12 30 129 9 0 53 0 2425 606 1 17 1983
. 5M 8697 0 20 5 310 18 0 72 0 4560 1102 6 1442 1162
HEALY 3486 0 16 23 149 113 0 370 0 2202 565 16 5 27
TOTAL PHASE I&II 55,553 6 284 429 1633 185 0 543 0 35,146 9775 27 1715 5810
1A WOP 8777 2 12 14 39 95 0 191 0 8334 53 29 1 7
 WUP 648 0 4 15 27 1 0 39 0 554 2 1 0 5
- BOURG 127 1 22 4 18 2 0 4 0 72 0 0 0 4
- WCR 673 0 7 15 56 6 0 17 1 530 20 0 2 19
- MASS 1384 0 1 5 38 1 0 40 0 1275 13 0 0 11
_ SAW 229 0 2 1 24 5 0 28 0 165 3 0 0 1
_ PILOT 428 0 8 1 18 6 0 41 0 338 8 2 0 6
_ REUP 318 0 7 5 53 7 0 75 0 132 22 0 0 17
 REOP 8389 10 9 1 49 145 0 271 0 7748 116 24 0 16
_ RECR 1586 0 4 12 52 3 0 93 2 1298 28 0 17 77

_ COPPER 2553 0 6 5 116 3 0 62 1 2298 52 1 8
IITA _ JOHN 433 0 2 5 86 4 0 50 0 267 16 0 0 3
1I1IA CASTLE 2658 0 0 102 6 1 95 0 2244 159 6 2 36
TOTAL PHASE IITIA 28,203 13 84 90 678 284 1 1006 4 25,255 492 63 30 203
GRAND TOTAL

2005-2009 83,756 19 368 519 2311 469 1 1549 4 16968 10,267 90 1745 6013

'Names and abbreviations of wildlife crossing structures appear in Appendix B.
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Since April 2005, the total number of detections of humans using the wildlife underpasses
declined by about 5-10 percent per year. However, human use still represents approximately 10
percent of all crossing events detected at the Phase I and II underpasses. Human use was
concentrated at Edith, Buffalo, and Five Mile Bridge. Notably, these three underpasses were not
part of the non-invasive sampling of bear DNA (see Section 4, Genetic connectivity...) during
the past three years because of high levels of human use. The actual amount of human use at
underpasses is likely greater than what we report because people tend to avoid using the track
pads while passing through the structures.

3.3.2. Phase IIIA

Large mammals (including lynx, coyotes and wolverines and excluding humans), were recorded
at the Phase IIIA crossing structures a total of 28,000 times since April 2005 (Table 3.1). Deer
were the most commonly detected species along Phase IIIA accounting for 90 percent of all
wildlife crossing events. Elk and bighorn sheep use was dramatically low compared to the
amount of deer use on Phase IIIA (492 and 30 detected crossings, respectively). Wolves were the
most frequently detected carnivore (1006 crossings), more than coyotes (678 crossings), grizzly
bears (284 crossings) or cougars (90 crossings). Most of the movements by wolves and grizzly
bears occurred at the wildlife overpasses. Sixty percent of all wildlife crossings occurred at the
two overpasses while the remaining 40 percent were distributed along the other 11 crossing
structures. Compared to wildlife use, human use was extremely low, with only 203 detections
since 2005.

3.3.3. Summary

Moose, wolverine, wolves and grizzly bears are the only species that have been detected more
times at crossing structures along Phase IIIA than on Phases I and II. Coyotes, black bears, elk,
deer and bighorn sheep are all more common along Phases I and II. Wolves and coyotes were
detected more frequently than elk and bighorn sheep, suggesting that the Phase IIIA carnivore
population is likely being supported by deer species. Conversely, elk, bighorn sheep and deer
were more common than all predator species detected in Phases I and II. Overall, approximately
66 percent of all wildlife crossing occurred along Phases I and II.

Overall, wildlife are exhibiting species-specific responses to wildlife crossing structures over the
three-year study period:

Black bear: Increasing use on Phases I and II, decreasing use along Phase IIIA.
Grizzly bear: Increasing use on Phase II1A, decreasing on Phases I and II.
Cougar: Sharp increase in use on Phases I and II, stable along Phase IIIA
Coyote: Decline from 2005 to 2006, stable since then along all Phases.

Wolf: Increasing use along all phases, with most of the Phase I and II activity
concentrated at Healy and Edith underpasses.

Deer: Declining along Phases I and II since 200607, declining steadily on Phase IIIA.
Elk: Stable along Phases I and II, declining on Phase IIIA.

Moose: Stable with low numbers along all phases.

Sheep: Declining use along Phase I and II, very low numbers on Phase IITA.
Wolverine and Lynx: Rarely detected.
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3.3.4. Phase 11IB

Seven wildlife crossing structures are being constructed as part of the first project of the TCH
Phase IIIB (see Section 2, Study area). The crossing structures are being completed at different
times and two will not be finished until fall 2009. We began monitoring wildlife usage as the
structures were completed. Note that efforts to establish a consistent monitoring schedule have
been delayed by construction activities at or near the wildlife crossing structures. Since
December 2007, five of the crossing structures have been monitored for wildlife use.

Despite these monitoring constraints we provide a brief summary of wildlife use at the newly
built wildlife crossing structures. There have been a total of 168 detected crossings through
November 2008, of which 119 (71 percent) were large mammals (Table 3.2). Early detections of
wildlife use were dominated by common, generalist species that we would expect to find using
the new structures, such as deer and coyotes. The following species were detected using the
crossing structures at least once: wolf, lynx, grizzly bear, elk and black bear. Wolverine, cougars,
or smaller felid species have yet to be documented using the Phase IIIB wildlife crossing
structures.

Table 3.2: Data summary from monitoring wildlife crossing structures’ along Phase I11B using cameras
between 18 June 2008 and 31 March 2009.>

CROSSING
STRUCTURE MORAINE TUP ISLAND BOW PIRAN TOTAL

Black bear 0 0 0 0 > >
Coyote 0 5 1 3 39 43
Wolf 3 0 ) 0 1 6
Lynx P 0 0 0 0 1
Deer 0 10 23 0 14 47
Elk 0 2 0 5 13
Moose 0 0 3 0 0 3
Human 0 3 20 16 9 43
Site total 3 20 58 19 67 168

'Names and abbreviations of wildlife crossing structures appear in Appendix B.

? Data are based on camera counts when sites were available for monitoring. Construction at or near these sites
during the summer months limited monitoring effort.

? Was not detected by cameras but tracks in the snow indicated through passage.

3.4. Summary data, 1996-2009
3.4.1. Phase I & II

The long-term monitoring project began in November 1996 and was focused initially on Phase I
and II wildlife underpasses. Since then, there have been a total of 141,140 detections of 11
species of large mammals and humans at the underpasses (Table 3.3). Excluding human use
large mammals were recorded a total of 125,475 times. Deer were detected in 70 percent of all
records (n=77,464 detected crossings) followed by elk (n=32,843 crossings) and bighorn sheep
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(n=4553 crossings). Among large carnivores, coyotes used the crossings 4614 times, wolves
3661 times, cougars 1081 times, black bears 904 times, and grizzly bears 298 times. Human use
was high, ranking third overall with more than 15,000 passes recorded since 1996.

3.4.2. Phase II1A

Monitoring of the Phase IIIA wildlife crossing structures began in November 1997. Since then
we have documented 61,034 passages by wildlife and humans at the 12 Phase IIIA crossing
structures (Table 3.3). Excluding humans, there have been a total of 60,208 detected crossings by
large mammals. Similar to Phases I and II, deer were most frequently detected using the crossing
structures (n=50,089 crossings; 85 percent of all mammal crossings). Among carnivores, coyotes
used the structures 2588 times, wolves 1452 times, grizzly bears 381 times, cougars 324 times
and black bears 287 times. Human use on Phase IIIA was low compared to Phases I and II
(n=826 crossings vs. 15,665 crossings, respectively).

3.4.3. All wildlife crossing structures

A total of 202,174 detections by mammals and humans have been recorded at the Phase I, II and
IITA crossing structures. Without counting humans there were 185,683 crossings by large
mammals. Deer made up 62 percent of the crossings detected, while 18 percent were by elk
(Table 3.3). The proportion of other wildlife species detections ranged from < 1 percent to 3
percent, while human use accounted for 8 percent of all crossings and occurred primarily on
Phases I and II. Among large carnivores, most grizzly bear and wolf crossings were found at the
two overpasses and the Healy underpass site, while black bear and cougar crossings were more
dispersed among the crossing structures.
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Table 3.3: Data summary from monitoring wildlife crossing structures’ using track pads, November 7, 1996 to March 31, 2009.

Crossing Total use,

structure excluding | bear black grizzly wolv- bighorn | human

Phase name humans Spp bear cougar | coyote bear lynx wolf erine deer elk moose | sheep use
1&I1 EAST 22,980 0 53 142 399 5 0 170 0 19,591 2604 2 14 35
1&I1 CARROT 3183 0 58 94 222 2 0 158 0 1986 650 0 13 152
1&I1 MC 11,511 0 149 94 231 4 0 234 0 9718 1059 0 22 58
I&I1 DH 16,292 3 228 187 316 9 0 1132 0 10,142 4227 0 48 88
I&IT PH 8504 4 114 105 353 10 0 272 0 4695 @ 2921 0 30 1773
I&IT BUFF 13,386 0 5 47 672 4 0 255 0 4351 = 7999 0 53 | 4491
I&IT A% 10,986 2 39 130 787 48 0 228 0 4072 = 4732 2 946 = 1295
1&I1 EDITH 11,644 0 33 135 376 18 0 235 0 8137 2495 3 211 5364
I&I1 5M 15,326 1 29 50 656 25 1 219 0 7806 = 3343 10 3187 2333
I&I1 HEALY 11,663 1 196 97 602 173 0 758 0 6966 2813 28 29 76
TOTAL PHASE I&II 125,475 11 904 1081 4614 298 1 3661 0 77464 32,843 45 4553 15,665
IIA WOP 15,160 2 32 36 138 143 1 251 0 14,184 330 42 1 36
IIA WUP 1810 0 13 42 104 1 0 58 0 1409 182 1 0 18
1A BOURG 362 1 41 22 136 2 0 7 0 141 12 0 0 9
1A WCR 1737 1 15 62 252 8 0 46 1 1040 308 2 2 46
IIA MASS 3165 0 12 20 244 7 0 65 0 2502 315 0 0 26
IIA SAW 640 0 6 6 113 5 0 33 0 366 111 0 0 26
IIA PILOT 1117 0 41 15 156 11 0 65 0 662 164 3 0 25
1A REUP 1133 0 31 24 236 9 0 114 0 483 236 0 0 43
1A REOP 18,331 9 26 5 181 170 0 341 0 16,499 1058 42 0 49
1A RECR 3243 0 9 34 146 5 0 119 2 2663 239 0 26 330
IIA COPPER 5974 0 14 23 303 3 0 85 1 5190 344 3 8 11
IIA JOHN 937 0 23 25 332 6 0 83 0 420 48 0 0 12
IITA CASTLE 6599 0 24 10 247 11 2 185 0 4530 1582 6 2 195
TOTAL PHASE IIIA 60,208 13 287 324 2588 381 3 1452 4 50,089 4929 99 39 826

GRAND TOTAL
19962009 185,683 24 1191 1405 7202 679 4 5113 4 127,553 37,772 144 4592 16,491
! Names and abbreviations of wildlife crossing structures appear in Appendix B.
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3.4.4. Summary

The 12 years of monitoring the Banff wildlife crossing structures has provided evidence-based
data that park management utilizes, not only to assess the performance and design requisites of
the structures, but to track population trends and movements of key wildlife species in the Bow
Valley. Our wildlife crossing database contains more than 68,000 records and has been a critical
part of management-initiated ecosystem- and species-based research conducted in the Banff
Field Unit by C. White, T. Hurd, J. Whittington, A. Kortello, E. Kloppers, and other resource
managers and researchers.

The value of the long-term and time-series data is immeasurable and increases with time. Twelve
years ago when our research began there were eight species-specific, multi-year research projects
recently completed or ongoing in the Bow Valley involving grizzly bear, black bear, wolf,
cougar, lynx, elk, moose, and coyote. Today, there is currently no ongoing research on species
populations or ecology and only a few elk and black and grizzly bears radio-transmittered for
management purposes. There is a proposed mule deer and white-tailed deer research project
being planned in the Banff Field Unit. Using remote, infrared-operated cameras the cost of
continuing monitoring and maintaining the wildlife crossing structure database is insignificant
compared to benefits to decision makers regarding management of the Banff Bow Valley
ecosystem in both Field Units (see Sections 3.8, 3.9 and 3.10.).

During the 12-year period there were several noteworthy changes in use of the Banff crossing
structures by wildlife in the Bow Valley (Table 3.7). An analysis of the proportional change in
wildlife crossing use by the 11 species of large mammals reveals substantial change in use over
the past 10 years. For instance, elk used to account for nearly 45 percent of all crossing events
but that has declined by two-thirds. Detections of deer at the wildlife crossing structures have
increased dramatically from 45 percent to over 70 percent in a 10-year period, having peaked at
over 80 percent. Use by black bears, wolves, coyotes, and cougars appear to fluctuate gradually
over time. Grizzly bears have shown a steady increase in wildlife crossing structure use relative
to other species, from less than 0.05 percent of all detected crossings to 20 times that amount at
1.1 percent of all crossings per year.
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Table 3.4: Percentage of all crossing events, by species, detected per year.

Species 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008

bear spp 0.00 0.00 0.00 000 000 0.01 0.05 001 002 0.04 0.01
black bear 1.07  0.93 123 063 047 036 044 044 051 041 0.54
cougar 078 218 177 032 031 045 039 0.15 043 058 1.16
coyote 424 376 354 317 498 408 693 38 251 260 3.10
deer 4599 4698 53.28 62.69 73.62 7890 75.16 79.22 81.24 80.46 73.20
elk 43.65 41.11 30.15 2225 13774 1257 13.03 11.38 11.62 1234 15.02
grizzly bear 0.05 002 0.13 0.10 022 042 032 038 046 0.57 1.10
lynx 0.01 0.00 000 000 000 0.01 o001 001 000 0.00 0.01
moose 0.00 0.00 006 002 002 013 012 011 0.13 0.13 0.11
sheep 347 412 338 3.13 198 122 299 336 166 0.85 2.54
wolf 073 092 644 769 466 184 056 1.08 142 2.03 3.20

wolverine 0.00 0.00 0.00 0.00 000 0.00 000 0.01 0.00 0.00 0.01

Several species not seen in the first six years of monitoring were observed using the crossing
structures for the first time in 2002, including red fox (Vulpes vulpes), striped skunk (Mephitis
mephitis), mink (Mustela vison) and hoary marmot (Marmota caligata). These detections have
been aided by the use of remote infrared-operated cameras.

Since 2002, there have been some unique observations of species that rarely occur near the TCH
and the crossing structures. For example, the presence of boreal toads (Bufo boreas) has been
recorded on Wolverine Overpass, garter snakes (Thamnophis elegans) at Duthil wildlife
underpass, and beavers (Castor canadensis) using the Redearth Creek underpass.

There also have been noteworthy species detected only a few times using the wildlife crossing
structures. These are primarily moose, wolverine and lynx. Current information on the moose
population suggests that there are few localized individuals in the middle and lower Bow Valley.
Although the number of detections of moose at the crossing structures is relatively low, it is
consistent and strongly associated with the two wildlife overpasses. Wolverine and lynx are
likely more rare than moose in the middle and lower Bow Valley, however, they are more
common on Phase IIIB west of Castle Junction and in the Lake Louise—Kicking Horse Pass area
(Austin 1998, Golder Associates 2004).

Wolverines were detected four times using three different crossing structures, two of which are
creek-bridge underpasses. All wolverine detections occurred on Phase IITA.

Lynx were detected twice using two different crossing structures on Phase IITA.

Moose used 12 different wildlife crossings structures a total of 136 times. Most of these
crossings were made at the two wildlife overpasses. Moose occasionally used the Healy wildlife
underpass and Five Mile Bridge.
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It will be necessary to obtain information on species occurrence in the Phase IIIB section prior to
or during construction in order to assess changes in species distribution after the mitigation is
completed. These data will allow for evaluations of the performance of measures designed to
mitigate habitat fragmentation effects of the TCH (Golder Associates 2004).

Species occurrence data also will be needed to determine the “expected use” of each of the Phase
IIIB wildlife crossing structures (see Clevenger and Waltho 2000, 2005). These data on expected
occurrence will allow for a rigorous analysis of factors at the Phase IIIB wildlife crossings that
facilitate passage for large mammals.

Until now it has been difficult to determine a statistically significant correlation of annual trends
in wildlife crossing use with relative population size and trends in the Bow Valley. Duke et al.
(2001) found significant positive correlations between carnivore use of wildlife crossing
structures and their detections on winter corridors transects, suggesting that crossing structure
monitoring may be a surrogate index of relative population abundance. A more rigorous and
thorough analysis of the use of crossings structures by species and their relative abundance has
been constrained by the absence of annual estimates of species populations in the Bow Valley.
Annual population estimates are currently obtained from classified counts, surveys and
observations of elk and wolves, while annual population monitoring surveys for most other
mammals (and terrestrial vertebrates) are not being conducted in either Field Unit.

3.5.  Comparison of wildlife overpass and underpass use

Comparing animal movement at crossing structures placed within a few hundred meters of each
other enables us to control for potential effects of habitat type and species distributions on
wildlife crossing structure use. Both Redearth and Wolverine overpasses have an adjacent
underpass structure within 300 m. We pooled wildlife overpass crossing events together from the
two sites and compared them with pooled wildlife underpass (n=2) crossing events for large
mammals species during the last 12 years (Table 3.5). For each year, we calculated the
percentage of movements at each structure type using a crossing structure selection factor, S,
based on the formula:

Sy = (Overpass-Underpass)/(Overpass + Underpass)

where Overpass and Underpass are the number of crossing events by each species for year y. As
S increases animals are more likely to use overpasses than underpasses, and a value of 0
indicates equal movement distribution among crossing structure designs.
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Table 3.5: Species use of paired overpasses and underpasses, 1997-20009.

Species Overpass Underpass
Grizzly Bear 317 10
Black Bear 58 44
Wolf 597 172
Cougar 41 66
Coyote 319 341
Moose 84 1
Deer 10,377 636
Elk 1388 418

We found that there are species-specific preferences for which structures are used (Figure 3.1).
Grizzly bears, moose, deer and elk are almost always found using overpasses rather than
underpasses. These species show the strongest and most consistent use among all species. Black
bears show fairly inconsistent use of either structure, varying from S = -1 to S = 1 from year to
year. Cougars and coyotes show a relatively equal distribution of movements at the two structure
types, as S = 0 most years. However, in the early years of monitoring it was found that most
cougars preferred the underpasses and in the last year coyotes showed a preference for
overpasses. Wolves, for the most part, tended to use the overpasses on a far more consistent basis
than underpasses. However, before 2001 and during 2003, there was a tendency for wolves to
use the underpasses more than the overpasses. For wolves, the changes in S over time may reflect
their adaptation to crossings structure designs, with preference for underpasses in the beginning
and then becoming more selective towards overpasses after a few years (see Section
3.8....Adaptation and learning).
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Figure 3.1: Use of paired wildlife overpass and nearest underpass by species, 1997-2009. Value of +1.0
represents exclusive overpass use, -1.0 represents exclusive underpass use and value of 0 (dashed line)
represents equal movement at the two structure types.

3.6. Relationship between population size and passage rates at wildlife
crossing structures

3.6.1. Introduction

Long-term monitoring of wildlife crossing structures along the TCH in Banff has generated an
impressive collection of wildlife activity and distribution data since 1996. These data have been
used to assess the relative importance of landscape and structural variables affecting animal
passage rates (Clevenger and Waltho 2000, 2005). However, passage rates at wildlife crossing
structures have yet to be directly associated with actual population sizes of wildlife in the
surrounding landscape for at least two reasons. First, Banff National Park does not maintain a
consistent population monitoring program for any species other than elk and wolves, so
opportunities to explore the relationship between passage rate and populations are limited to
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these two species. Second, population estimates for these species are gathered on an annual or bi-
annual basis, so statistical power is limited by the number of years of monitoring.

Developing a statistical model to describe the relationship between population size and passage
rates at wildlife crossing structures has a number of important benefits to management. First,
structural attributes of crossing structures that contribute to a greater-than-expected passage rate
by wildlife enable planners to more rigorously design species-specific mitigation measures.
Second, if a strong association between population size and passage rate at particular sites can be
found, then management can use monitoring of these limited areas to infer population trends in
the broader study area. Third, detection rates of animals using crossing structures are relatively
high given the constricted nature of the passage, so monitoring crossing structure use may be a
more economical means of population monitoring than other index-type measures (e.g., pellet
counts, snow tracking). Furthermore, monitoring of wildlife use at crossing structure is relatively
weather-independent and possible year-round compared to snow tracking or pellet counts. Thus,
the various crossing structures along the TCH can serve as a multi-species “super-transect” if
appropriate population size and passage rate associations can be demonstrated.

Use of elk and wolf population estimates to evaluate passage rates at wildlife crossing structures
presents an interesting opportunity to examine behaviorally mediated use of the Bow Valley
landscape. Namely, as a wide-ranging, gregarious and territorial carnivore, wolves could be
expected to show relatively weak associations between population size and passage rates. Habitat
use by wolves is likely to be dominated by wide-ranging movements in search of prey and then
concentrated use of localized areas while feeding on and guarding carcasses (Hebblewhite et al.
2002). This type of movement pattern would produce highly variable passage rates over time and
space. Wolf pack territorial boundaries are thought to occur near the town of Banff, with the
Bow Valley pack occurring to the west of town and the Fairholme/Cascade pack occurring east
of the townsite. Behavioral differences toward the highway between packs and among
individuals within each pack could further contribute to high variance in population/passage rate
association among wolves.

Unlike wolves, elk population size is more likely to have a clear association with passage rate
because most passages occur near the town of Banff. This population is closely monitored by
parks management to ensure human safety and minimize elk habituation to human-use areas. In
so doing, the estimate of the entire Bow Valley elk population will be closely linked to the herds
occupying the areas near the town of Banff, so passage rates at wildlife crossing structures in this
vicinity will likely show the strongest associations with elk population size. Furthermore, unlike
wolves, elk are herbivores and feed on a relatively stable and immobile “prey” of aspen and
willow browse in the winter and forbs and grasses during the summer. Thus, elk movements
along the various crossing structures are most likely to depend on the distribution of vegetation.

3.6.2. Methods

We used aerial and ground survey records of the Bow Valley elk population from 1996-2007 to
compare frequencies of crossing structure use over time. Separate elk count records are
maintained for the western, central and eastern areas of the Bow Valley (see Hebblewhite et al.
2002). Wolf populations were determined through warden observations, aerial surveys, winter
corridor transects and confirmed public sightings. Wolf pack distributions are well documented
within the Bow Valley using a combination of direct observation and track records (T. Hurd,
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Parks Canada, personal communication). Again, wolf populations were separated into western,
central and eastern areas.

We calculated the frequency of crossing events at each wildlife crossing structure as a function
of population size occurring within the surrounding area. Because time may be required for
species to adapt to crossing structure use, we treated Phase I and Phase II separately from Phase
IITA. Thus, population estimates from the western census area of the Bow Valley were associated
with Phase IIIA, while estimates from the central and eastern regions were associated with
Phases 1 and II. We divided crossing structure passages by season: winter (December to
February); spring (March to May); summer (June to August); and Fall (September to November).

We looked for an association between the annual population estimate for each side of the study
area and the seasonal total of crossing structure passages at each site. We used a Pearson’s non-
parametric correlation to determine the strength of the association and treated each species and
season separately.

3.6.3. Results and discussion

Elk and wolf use of wildlife crossing structures varies significantly from year to year, among
crossing designs, and between individual wildlife crossing structure locations. We found that
population size and elk crossing events were strongly associated, particularly at the open span
bridge designs along Phases I and II (Table 3.6). Of these, crossing events at the Powerhouse site
had the best overall correlation with population size, with an average Pearson r of 0.812. The
highest correlation with population size overall was during the spring at Vermilion (r = 0.876), at
Edith during the summer (r = 0.854) and at Powerhouse during the winter (r = 0.845). At each
site, the highest correlations between crossing events and population size occurred during the
summer (n = 11 sites) and spring (six sites), likely reflecting the seasonal timing of the elk
census.

Correlations between wolf crossing events and population size were weaker than correlations for
elk. Passages at Healy were most consistently correlated with population size (average Pearson r
=0.467). The highest overall correlation was at Castle during the winter (r = 0.879) although this
value includes three years where no passages occurred. Thus, the most robust correlation
occurred at Healy during the summer (r = 0.708). Unlike elk, the highest correlations within each
site were during the winter (eight sites) and summer (seven sites). Again, this likely reflects the
timing of the census, which tends to occur during the winter.

These results suggest that there were strong associations between elk population size and passage
rate at the Banff wildlife crossing structures. A less robust but nonetheless clear association
between population size and passage rates was found for wolves. The results partly confirm our
beliefs regarding correlations between the wildlife crossing monitoring data and population
trends in the Bow Valley. Given the important management benefits from these initial findings,
we recommend that population studies be carried out to allow for additional assessments of the
proximity and strength of association of the two types of data in the Banff and KYLL Field
Units.
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Table 3.6: Correlation between population size and seasonal passage counts at crossing structures along the
Trans-Canada Highway, Banff National Park. Grey shading indicates wildlife crossing structures with
highest correlations.

Elk Wolves
Site Statistic Spring Summer Fall Winter Meanr Spring Summer Fall —Winter Meanr
CARROT Pearsonr 0.575 0.758 0.572 0.120 0.506 -0.217 0.232 0.003 0.178  0.049
..................................................... P_Value 0064 0007 0066 0726 0574 . 0493 0992 0601
5M Pearsonr  -0.337  -0.272 0.479 -0.305 -0.109 0.138 0.228 0.013 0.291  0.167
..................................................... P_Value 0311 0419 0137 0362 0724 . 0500 0969 0385
BUFF Pearson r 0.200 0.819 0.751 -0.067 0426 0.178 0.169 0.131 0256  0.183
..................................................... P_Value 0555 0002 0008 0845 0648 . 0620 0701 0448
DH Pearson r 0.618 0.673 0.764 0.837 0.723 0.070 0.237 0.199 0.040 0.136
- P-value 0.043 0.023 0.006  0.001 0.858 0.483 0.557  0.907
EAST Pearson r 0.785 0.771 0.732 0424 0.678 0.141 0233 0.147 0.269  0.198
..................................................... P_Value 0004 0005 0010 0194 0718 . 0490 0666 0423
EDITH Pearson r 0.525 0.854 0.651 0.385 0.604 0.122 0.227 0.256 0.110  0.179
- P-value 0.097 0.001 0.030 0.242 0.755 0.502 0.447 0.747
HEALY  Pearsonr 0.486 0.613 0.704 0.807 0.652 | 0.664 0.708 0.538 -0.042  0.467
..................................................... P_Value 0130 0045 0016 0003 0051 . 0015 0088 0903
PH Pearson r 0.815 0.808 0.781 0.845 0.812 0.114 0.225 0.152 0211  0.176
- P-value 0.002 0.003 0.005 0.001 0.770 0.505 0.655  0.533
v Pearson r 0.876 0.734 0.765 0.183 0.640 0.074 0.113 0.120 0.266  0.143
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII P-value 0.000 0.010 0.006 0.589 0.850  0.741 0.725  0.430
MC Pearson r 0.418 0.420 0499 0.295 0.408 -0.020 0230 0.182 0.298 0.172
..................................................... P_Value 0201 0199 0118 0378 0959 . 0496 0592 0374
RECR Pearson r 0.120 0.637 0.250 0.131  0.285 0.196 0.164 - 0177 0.125
- P-value 0.724 0.035 0.458 0.700 0.587 0.652 0.920 0.704
WCR Pearsonr  -0.114 0.690 0.323 -0.092 0202 0.266  -0.309 - -0.588 -0.236
..................................................... P_Value 0738 0019 0332 0787 0458 . 0384 0377 0165
CASTLE Pearsonr 0.226 0.504 0566 -0.034 0315 0.063 -0.083 0.017 0879 0219
- P-value 0.503 0.114 0.070  0.920 0.862 0.820 0.964  0.009
COPPER  Pearsonr 0.599 0.647 0.623 0221 0.523 -0.202 0.131 0.374 n/a 0.101
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII P-value 0.051 0.031 0.041 0.513 0.575  0.717 0.287 n/a
MASS Pearson r 0.161 0.607 0.230 0.233 0308 0.251  -0.014 - -0.110 -0.009
- P-value 0.636 0.048 0.496 0.491 0.484 0.970 0.653  0.815
WUP Pearsonr n/a 0.586 0.696 -0.205 0.359 n/a 0.065 0.252 0.186  0.168
- P-value n/a 0.058 0.017 0.546 n/a 0.859 0.482  0.689
REOP Pearson r 0.646 0477 0.728 0344 0549 -0.331 -0.005 - -0.094 -0.195
..................................................... P_Value 0032 0 138 001 1 0300 0350 . 0990 0320 0840
WOP Pearson r 0.236 0.676 - 0573 0328 0.075 -0.113 0354 0516 0.208
- P-value 0.485 0.022 0.613  0.065 0.837 0.756 0.315  0.236
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BOURG  Pearsonr n/a 0.473 - n/a 0.186 n/a I -0.647 - n/a -0.388

..................................................... P_Value n/a 0 142 0769 n/a n/a . 0.043 0722 n/a

JOHN  Pearsonr 0347 0547 0585 -0.184 0324 -0387 0345 0.048 -0278 -0.068
CP-value 0295 0.082 0.059  0.589 0269 0329 0.896 0.546

PILOT  Pearsonr 0549 0180 0226 0426 0345 -0239 0216 - 0017 -0.018

..................................................... P_Value 0.080 0'596 0'504 0.191 0.506 . 0'548 0.858 0-971

REUP  Pearsonr 0243 0429 0317 -0.100 0222 0.114 0337 - 0186 -0.025
Povalue 0471 0.188 0342 0.769 0.754 0341 0015  0.690

SAW Pearsont  0.022 0410 - 0233 0122 0224 0162 0018 0550 0238
P-value 0949 0211 0.607 0.491 0.534 0654 0961 0.201

3.7.  Wildlife behaviour and response to crossing structures

3.7.1. Wolf response to wildlife crossing structures after mortality of
putative alpha female

Introduction

Of particular interest to park managers are the status, distribution and movements of wolf packs
within both Field Units (White et al. 1998). The ability of wolves to access elk and other prey
species despite potential barriers to movement is recognized as critical for maintaining stable
ecosystem processes in the Canadian Rocky Mountains (Hebblewhite et al. 2005). The loss of
the alpha male or female within a wolf pack may disrupt movement patterns and behaviour in
response to human activity, including roads, crossing structures and human development (Paquet
et al. 1996). Therefore, information on how wolves use wildlife crossing structures and how
changes within the pack influence connectivity across highways will help us to better understand
the conservation value of the crossings. These data will aid in developing elk management
strategies and the successful restoration of predator—prey dynamics in Banff’s Bow Valley.

Infrared, motion-sensitive cameras are deployed at many of the crossing structures along the
TCH. The cameras enable us to document the number of animals using the crossings, their
direction of travel, timing of movement, group size, and occasionally gender and age. We are
also able to document behaviour of animals as they pass in front of the camera.

On August 25, 2008, the alleged alpha female of the Bow Valley wolf pack was killed on the
TCH near Redearth wildlife overpass after escaping through the wildlife fence onto the highway.
In an unrelated incident about 1 week later, an adult male wolf from the same pack was killed
near the Sunshine interchange. We were interested in knowing whether the loss of the putative
alpha female and the sub-ordinate male of the Bow Valley pack would affect movement and
behaviour of the remaining pack members through the wildlife crossing structures.

Methods

Behavioral observations of wolves were made based on recordings from motion-sensitive
cameras (Reconyx, Inc., Holmen, Wisconsin). For each attempted crossing event, we
documented the size of the traveling group (i.e., number of individuals passing within five
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minutes of each other), response to the barbed wire (i.e., hesitation, no hesitation) and through
passage (i.e., crossed or did not cross). Through passage was used to calculate the passage
frequency, which is the number of successful crossings divided by the total number of crossing
attempts.

We analyzed wolf behavioural responses at the wildlife crossings one month prior to, and one
month following, the second wolf mortality (September 4, 2009). We used data from the same
period in 2007 as a control, since changes in behaviour may occur over time with changes in
prey, season, or juvenile dispersal.

Results and Discussion

We found that the loss of the alpha female likely reduces the permeability of the highway for
wolves. The number of through passages decreased by 13 percent in the month after the
mortality event (Table 3.7) despite there being more attempted crossing events during this time
than during the month before the mortality. We also found that wolves were more hesitant to use
the crossing structures after the mortality event (Figure 3.2). The number of attempted crossing
events where wolves hesitated increased threefold following the death of the alpha female. In
2007 there was a greater tendency to hesitate at the barbed wire than in 2008, but the ratio of
crossing events where we detected hesitant behaviour to those where we did not detect hesitant
behaviour was the same over the control period. In 2008, the year of the mortalities, this ratio
changes from 0.48 hesitant crossings to non-hesitant crossings prior to the mortality, to 1.25
hesitant crossings to non-hesitant crossings after the mortality. We also found that the mean wolf
group size increased after the mortality, however the effect was not statistically significant
(Kruskal-Wallis test, chi2=1.992; P=0.158; Figure 3.3).

There are at least two possible explanations for these results. First, the alpha female was the only
wolf using the crossings, and the wolves using the crossings following the mortality event were
inexperienced at using the crossing structures. This inexperience caused the wolves to be hesitant
while using the crossings. In the future, we would expect the proportion of hesitant crossings to
drop relative to non-hesitant crossings as wolves become more accustomed to using the
crossings. The second possibility is that the alpha female led other pack members through the
crossings, and without her, the pack was hesitant to use the highway crossing structures on their
own. The fact that the group size and number of crossing attempts increased after the mortality
supports the first hypothesis because if all pack members were using the crossings before and
after the alpha female mortality, we would likely see a decrease in group size, as there are two
fewer wolves in the pack. Results from genetic studies (2006-2008) and additional camera data
from 2009 will help confirm these possibilities.

Table 3.7: Changes in passage frequency for wolves one month before and after the death of the alpha female.

Time period Crossing attempts Passage frequency
Before mortality 77 0.94
After mortality 98 0.81
Control: before 42 0.93
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Figure 3.2: The number of crossing events and wolf hesitation response before and after the death of putative
alpha female in 2008 and control period in 2007.
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Figure 3.3: Wolf group size before and after the death of putative alpha female in 2008.

3.7.2. Interspecific patterns of wildlife crossing structure use: Wolves,
cougars and coyotes

Introduction

Movement of wildlife is often dictated by the distribution of resources and the physiological state
of the animal (Kie 1999; Turchin 1998). However, roads may alter wildlife movement and their
distributions on the landscape. Wildlife crossing structures are designed to facilitate movement
of animals across highways, thus allowing individuals to meet their biological needs, and
populations to redistribute with environmental change and ultimately maintain metapopulation
processes. When highways are twinned and mitigated with crossing structures and fencing,
animal movement patterns are further constrained by the distribution of wildlife crossing
structures and the resources they need to access. Resource needs vary by species and individuals,
but the use of crossing structures as mitigation reduces the movement opportunities for safe
passage to a number of specific locations on a highway. Thus, animals using wildlife crossing
structures stand a far greater chance of encountering one another near or adjacent to the
structures than they do away from the highway. Over time, spatial and temporal segregation of
species may occur at crossing structures as conspecifics attempt to avoid each other or minimize
risks of predation by larger species. These interspecific interactions and effects of species-
specific use of wildlife crossing structures may be occurring in Banff, given that many of the
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crossing structures have been in place for a decade or more and large mammals have to select
where and when to cross within a 45-km section of the TCH through the Bow Valley.

Previous studies have shown that the use of landscape corridors or wildlife crossing structures
may change with species-specific perceptions of the landscape elements (Beier and Noss 1998)
or inter-species interactions (Doncaster 1999; Little et al. 2002). Doncaster (1999) found a
temporal segregation in use of below-grade tunnels by badgers (Meles meles) and Eurasian
hedgehogs (Erinaceus europaeus) in Great Britain. To test for an effect of inter-specific
interactions at crossing structures we examined use by three species that are likely to show the
strongest effects of competition in our study area: wolves, cougars and coyotes. Wolves are the
dominant predator in the Bow Valley and can kill or displace cougars and coyotes (Kortello et al.
2007) Previous monitoring of nine crossing structures centered around the town of Banff
described spatial and between-year patterns of wildlife underpass use by wolves and cougars
(Clevenger et al. 2002). Five years of data suggested that there was a temporal and spatial
segregation of wildlife crossing structure use by both large carnivores. Cougars are more
dominant than coyotes and, like wolves, may prey on them (Hornocker 1970; Boyd and O’Gara
1985; Paquet 1992; Switalski 2003). Thus, coyotes may be displaced by the two larger predators.
At the same time, coyotes may track the movement of cougars and wolves to scavenge the
carcasses of ungulates killed by those predators (Paquet 1992; Switalski 2003).

We predicted that wolves and coyotes would exhibit the greatest segregation among these three
species. Coyotes may be either positively or negatively associated with the other species
depending on the relative importance of scavenging and displacement, respectively, on the
coyotes’ movement.

Methods

We summed the total number of crossing structure checks where each species was detected,
irrespective of the number of individuals or the direction of travel. We then calculated the total
number of crossing events where two or more species were detected at the same check. We
present these data as the probability of detecting both species during one monitoring interval.

Next, we standardized the sampling effort of each crossing structure check by the number of
days that lapsed since the previous check to provide a rate (crossing events per day). We
summed the total number of individuals for each species, irrespective of direction traveled for
each species. We selected all crossing structure checks where at least one of the species was
detected, and then performed a Pearson’s correlation to determine the strength of association
between each species’ use of the same structures.

Results and discussion

There was a very low probability of any of these three species being detected at the same wildlife
crossing structure during the same monitoring interval (Table 3.8). This supports our initial
hypothesis that the three species avoid each other. Coyotes were most likely to be detected
without other species present. This is likely a function of their higher population densities
relative to the two larger carnivores and the risk of their being preyed upon by these other two
carnivores. Wolves were least likely to be detected without other species present, supporting the
notion that they are less averse to other species than other species are to them. It also supports
our hypothesis that of the three species, wolves are the dominant predator. Interestingly, coyotes
were almost twice as likely to be detected with wolves as with cougars. However, it is not clear
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whether temporal segregation of wildlife crossing structure use occurred between the two species
or reflects an optimal foraging strategy by coyotes to follow a large predator in the hopes of
finding a scavenging opportunity. Unlike coyotes and wolves, cougars and wolves rarely co-
occurred at the same crossing structure. That cougars and wolves appeared to avoid using the
same sites suggests that inter-species interactions may be a more important factor in determining
species use of wildlife crossings than we have previously thought.

When we examined the intensity with which wolves and coyotes utilized the Banff wildlife
crossing structures we found that there was clearly a strong separation and negative spatial
correlation in use patterns among the 23 structures. Where wolf use was highest the amount of
coyote use tended to be lowest, and vice-versa. Where wolf use was highest, coyote use peaked
at neighbouring crossing structures. From this exploratory analysis several questions arise: Do
wolf peaks correspond with coyote lows over longer time periods? Are coyote peaks adjacent to
wolf peaks over longer time periods? Where wolf and coyote use coincide, at the highest coyote
peak in use, can we detect a temporal separation (using cameras) of movement through the
crossing structures?

To summarize, it was not surprising that we detected significant negative correlations in wildlife
crossing structure use among wolves, cougars and coyotes (Table 3.9). These patterns appear to
be fairly consistent among all the crossing structures (Figure 3.4). Future analyses using more
sophisticated statistical tools (e.g., general additive models, species occupancy models) will be
used to parameterize the degree of species interactions at wildlife crossing structures over space
and time. Additional species, including ungulates and humans, will also be incorporated into the
modeling framework.

Table 3.8: Probability of detecting species co-occurrence during a single monitoring interval at each wildlife
crossings structure (WCS).

Species present Frequency* of WCS checks
Coyote alone 0.877
Cougar alone 0.809
Wolf alone 0.789
Cougars and wolves 0.016
Cougars and coyotes 0.029
Coyotes and wolves 0.061
All species were present 0.002

*Denominator is the total number of times that species was detected, irrespective of the presence of other species at
the site.
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Table 3.9: Correlation among species’ crossing rate per day determined at each crossing structure check.

Species interaction N* r P

Cougars and coyotes 4904 -0.280 <0.0001
Cougars and wolves 2866 -0.348 <0.0001
Coyotes and wolves 5663 -0.260 <0.0001

*Wildlife crossing structure checks where at least one of the species was present.
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Figure 3.4: Mean crossing events per day by wolves, coyotes and cougars, by season and year, 1997-2008 at
23 crossing structures, listed as UTM coordinate.
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3.7.3. Wildlife response to new and established crossing structures
Introduction

The performance of wildlife crossing structures can be evaluated using a number of different
metrics (Forman et al. 2003). Regardless of the metric selected, data are required to identify
when animals approached the wildlife crossing structures and what the rate of passage was with
respect to the number of approaches. This type of fine-scale data only can be obtained by video
monitoring or snow tracking at the crossing structures, or by tracking movements of geographic
positioning system (GPS)-collared individuals (e.g., see Dodd et al. 2007). Without these
methods it is impossible to determine whether an animal attempted to use a wildlife crossing
structure, but hesitated and turned around. Snow tracking is one method used to infer how
movement changes in the vicinity of a crossing structure entrance. Furthermore, snow tracking
can provide an index of relative abundance for wildlife populations near the wildlife crossing
structures (Clevenger et al. 2001a). The limitations of snow tracking are that it is highly
dependent on weather conditions and restricted to winter months. During winter, bear species
will not be detected on a regular basis, and movement of other species may be restricted by snow
depth. Still, snow tracking can provide key insights on how species adapt and respond to wildlife
crossing structures over time.

The question of how animals respond or adapt to newly constructed wildlife crossings has direct
management implications for the newly constructed Phase IIIB wildlife crossings near Lake
Louise and other soon-to-be-constructed wildlife crossings scheduled for completion in 2012.
Monitoring plans will need to provide sufficient time and data to make strong inferences with
regard to wildlife crossing performance. Such habituation periods can take several years
depending on the species as they experience, learn and adjust their own behaviours to the
wildlife structures (see Section 3.8, Adaptation and learning...).

To address the question of how animals respond to newly constructed wildlife crossing structures
we monitored the responses of multiple species to wildlife crossing structures of varying age and
design type. We present data collected 10 years ago after Phase IIIA mitigation was completed
(see Clevenger et al. 2002). We feel that given the onset of a new monitoring plan to assess the
performance of the Phase IIIB crossing structures, a reanalysis of these research results will help
provide guidance and will demonstrate the need for a long-term monitoring approach.

During four winters between 1997 and 2000 we conducted fieldwork around the newly
constructed Phase IITA wildlife crossings (completed November 1997) and established Phases I
and II wildlife underpasses (completed by 1987). Our specific objectives were to determine
species-specific responses to the crossing structures by snow tracking, and test whether their
responses differed between newly installed structures and older established ones. If animals
tended to avoid new structures, or needed time to adapt to them, it would be important to know
how much time might be required for animals to respond similarly to new and old structures
alike. We predicted that animals would be more hesitant to use the newer wildlife crossing
structures than older ones and investigated whether structure design affects the probability of
passage.

Methods

We created semi-circular transects around either end of the wildlife crossing structures. Each
transect had a radius of 100 m and was centered on the middle of the structure entrance. After 48
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hours had passed from a track-clearing snowfall, we visited the sites and documented species-
specific responses to the crossings. We classified each track as passage (track entered structure
and passed through it) or non-passage (track was parallel with fence, or entered structure but did
not cross, or approached entrance to structure but did not enter). We looked at species coyote-
sized and larger. We collected data during the winters of 1996-97, 1997-98, 1999-2000, and
2000-01, hereafter referred to as Winters 1, 2, 3 and 4, respectively. In Winter 4 we only looked
at crossing structures along Phase IIIA. In Winter 1 we only documented movement by wolves
and cougars. Species are hereafter coded as COYO (coyote) and COUG (cougar).

Results and discussion

The frequency of through passages was higher on Phases I and II crossing structures than on
Phase IIIA structures, and in later winters for all phases (Table 3.10, Table 3.11, Figure 3.5). The
highest passage rates for cougars were found along the creek bridges, open-span bridges and
older small culverts. Coyotes and wolves were most successful at open span bridges. Deer were
one of the only species to regularly use the overpasses, with their passage rate being highest at
these sites. Elk passage rates were highest at the open span bridges. These results suggest that
species are more likely to use crossing structures as time passes, even when controlling for the
number of encounters at each site. Efforts are underway to complete this study by monitoring
transects at Phase IIIA and IIIB sites over the coming winters. These new data will provide
information on adaptation to crossing structure use in two ways. First, we will compare Phase
IITA structure use when they were new (this study) and when they were 12 years old (now),
which is presumably long enough for the local animal populations to adapt to their presence. We
would expect the passage rates from Phase IIIA to be comparable to rates we obtained for Phases
I and II nearly 10 years ago. The second analysis consists of comparing use of wildlife crossing
structures of similar design but varying in age by comparing use of 4 m x 7 m culverts on Phases
IITA and IIIB.

Table 3.10: Passage rate (crossings/total detections) of species detected at wildlife crossing structures by phase
and design.

Phase I and II Phase IITA
Creek bridge Open span Small Creek bridge Large Overpass Small
(H* (@) culvert (1) 2 culvert (3) 2 culvert (5)
Passage Passage Passage Passage Passage Passage Passage
rate N rate N rate N rate N rate N rate N rate N
Cougar 078 9 072 25 033 3 1.00 3 0.00 2 0.00 0 043 7
Coyote 0.67 3 0.60 45 1.00 1 028 18 0.29 35 041 79 044 39
Deer 0.30 10 0.50 127 043 7 0.15 47 0.20 45 0.57 49 0.13 40
Elk 0.08 63 0.74 462 045 11 0.07 15 024 41 0.06 49 0.11 19
Wolf 0.00 2 0.53 49 0.00 9 0.00 1 0.00 1 0.00 2 0.00 1
Mean 0.36 0.62 0.44 0.30 0.15 0.21 0.22

N: Total number of approaches

* Number in parentheses represents the number of sites with that design along each phase.
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Table 3.11: Total passage rate of species at new (Phase 111A) and established (Phase | and 11) wildlife crossing

structures, 1997-2001.

Phase I and II Phase IITA

Passage rate N Passage rate N

Cougar 0.70 37 0.50 12
Coyote 0.61 49 0.37 171
Deer 0.49 144 0.27 181
Elk 0.66 536 0.13 124

Wolf 0.43 60 0.00 5

Mean 0.58 0.25

N: Total number of approaches
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Figure 3.5: Passage rate of four species at new (Phase 3A) and established (Phase | and 11) crossing structures
during four winters 1996-97, 1997-98, 1999-2000, and 2000-01. Winters are shown on the x-axis as 1, 2, 3
and 4, respectively (COYO=coyote; COUG=cougar).

Western Transportation Institute

Page 32



Banff Wildlife Crossings Project, 2005-2009 Research

3.8. Adaptation and learning

3.8.1. Current knowledge

What do we know about adaptation periods and learning curves for animals using wildlife
crossing structures?  Our long-term monitoring has demonstrated that an adaptation period and
learning curve does exist for large mammals and varies between ungulates and carnivores.
Similarly, Dodd et al. (2007) found that elk required time to adapt to newly created wildlife
underpasses in Arizona before using them on a regular basis. The average monitoring period of
18 studies reporting on wildlife crossing structure use by mammals was 17 months (Clevenger
and Huijser in preparation)—not even two years. The few studies that have had more than two
years of monitoring showed that animals require an adaptation period and that animal learning is
implicated in the regular use of crossings.

In Banff we have learned about the adaptation period in two ways. First, snow track transects
were conducted around the entrances to newly constructed and established (>10 yrs old) wildlife
crossing structures (see Section 3.7.3, Wildlife response to new...). The “through-passage rate”
was significantly lower (half the rate, on average) on the newly constructed Phase IIIA crossings
compared to the established Phase I and II section. Through-passage rates for all species
increased over the four-year period of study. Next, we examined the number of successful
crossing events at wildlife crossing structures for ungulates and carnivores (Clevenger et al.
2002). For carnivores it appeared that use levels out or reaches a threshold after annual increases
(for some species a steep increase) over four to six years, whereas for ungulates it is a two- to
three-year period. The annual increases in grizzly bear use of the Banff wildlife crossings have
been frequently used to demonstrate the importance of long-term monitoring (see Figure 3.24).
This will be discussed in the next section, which details what we have learned from monitoring
between Year 5 and Year 12 and the overall benefits of long-term monitoring in Banff and
KYLL Field Units.

That an adaptation period exists is unequivocal—the questions that remain are how long the
adaptation period is for each species of large mammal, and does it change if examined at two
different time periods? In other words, would we expect to find the same result if we repeated
field studies today under the same conditions? This is an important question to answer in order to
design monitoring schemes of sufficient scientific rigor and length to provide strong inference
when addressing wildlife adaptation and eventual performance assessment of crossing structures.

3.8.2. What does adaptation and learning look like?

What would a simple graph look like that depicts adaptation of wildlife to crossing structures
over time? In a generalized graph we would expect the amount of use to increase over time, but
at some point in time (an inflection point or asymptote) use would begin to fluctuate annually.
Subsequent fluctuations, however, would be smaller in amplitude than the amplitude exhibited
during the rising use in the initial years (Figure 3.6).
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xl

Figure 3.6: Generalized concept of adaptation of wildlife to crossing structures over time. Y-axis refers to
number of detected crossings by a given species. X-axis is a longitudinal reference to number of years
monitoring takes place.

In addition to the abovementioned data regarding wildlife adaptation to the Banff wildlife
crossings from 1997 to 2001, we can look at much longer time-series of data between 1997 and
2008 to interpret what this adaptation or learning process looks like. The best way to do this is by
looking at species-specific graphs of Phase IIIA crossing structure use. Phase IITA is used
because we can track usage from inception of mitigation once construction was completed
(November 1997) to the present.

It is worth noting that this is the only data of its kind in the world. Nowhere has anyone been
able to monitor consistently and systematically year-round animal use of wildlife crossings over
long time periods. What we are able to infer from our long-term research data has not only
implications for management and monitoring of wildlife crossings in Banff and KYLL Field
Units, but provides evidence-based support for technical design recommendations and
monitoring programs elsewhere.

We examined time-series data from eight species of large mammals (three ungulates and five
carnivores) using the Phase IIIA wildlife crossings over a 12-year period, from inception (1997)
to the present (2008). Compiled below for each species (Figure 3.7 to Figure 3.22) are two
graphs: (1) the number of crossing events per year by wildlife crossing design type (n=4), and (2)
the total number of crossings on Phase IIIA with their confidence interval and a fitted line that
smoothes out the 