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EXECUTIVESUMMARY
On behalfofthe

BC Ministry of Transportation and Highways(MoTH), and in
to
the
potential
upgrading of the Trans Canada Highway (TCH), LGL Limited
response
undertook a study of wildlife movementsinthe Kicking Horse Valley between Yoho
National Park and Golden, BC (a distance of 26 km) between January 1996 and January
1997. The three objectives of the study were to:
1. obtain baseline information on patterns of habitat use and overall
population trends for thelargerspeciesof
wildlife (Le., ungulates and
carnivores) within the study area,
2. identify wildlife migration andmovement corridors within the existing
highway corridor and along the south side of the Kicking Horse Valley,
and

3 . assess and recommend means of impact avoidance and mitigation that are
likely to reduce wildlife-vehicle collisions and that may reduce impacts of
the highway development on local populations of wildlife.
Within the study area, the existing TCH alignment is a two-lane facility located on the
north side of the Kicking Horse Valley between Golden and the Yoho Bridge (a distance of
9.5 km), on the south side of the valley between the Yoho Bridge and the Park Bridge (a
distance of 4.6 km), and on the north side of the valley between the Park Bridge and the
western boundary of Yoho NationalPark (a distanceof 11.6 km). The alignment was
constructed with minimal modifications to the topography of the Kicking Horse Valley.
sharp curves; bothof
Consequently, the route is characterized by steephillsandmany
which serve to restrict traffic flows and jeopardize passenger safety. MoTH is presently
considering a number of highway-construction options to improve the efficiency and safety
of vehicular travel along that section of the TCH.
Although the Kicking Horse Valley is generally recognized as being of relatively low
capability for larger mammals in the East Kootenay (especially during the critical winter
period), it does support a very diverse community of mammalian species. Larger species
in the study area include white-tailed deer, mule deer, Rocky Mountain elk, moose, Rocky
Mountain bighorn sheep, mountain goat, grizzly bear, black bear, gray wolf,coyote,
cougar, lynx, bobcat, wolverine, marten, and other mustelids.
Our approach to detecting and monitoring wildlife movements was to utilize several
techniques simultaneously. For many reasons other than cost, we opted not to embark on
a radio telemetry-based approach. Rather, data sources included aerial surveys (two during
winter and one during summer), winter track counts (along transects and along the existing
highway), summer track counts, the “string” technique, incidental observations (animals
and their sign), information from other wildlife researchers working in the area, road and
rail wildlifekill statistics, interpretationof bio-physiography, and interviews with local
naturalists.
White-tailed deer and mule deer were very abundant near the western end of the study
area where the Kicking Horse Valley merges with the Columbia Valley. Data show that the
greatest concentrations of wintering white-tailed deer and mule deer occurred on the north
side of the Kicking Horse Valley west of the 4-km mark of the TCH segment. The southand west-facing slopes of the northwestern part of the Kicking Horse Valley corresponds
to the best deer and sheepwinter range in the study area. Deermoved throughout that area
LGL Limired
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inall directions. Mule deer occurred throughoutthe study area during thenon-winter
period. The location of deer killed by vehicles in the study area supports the observations
that deer numbers andor activityinthestudy
area has traditionally been highest at the
western end.
Compared to the north side of the Kicking Horse Valley, inconsequential amounts of
deer sign were observed on the south side during the winter, but deer do move through and
reside in habitats of the south side of the valley during the snow-free months.
Low numbers of elk wintered intheKicking Horse Valley during the study. The
gentle terrain of the floodplainand river benches parallel with the easternmost 7 km of the
primary study area appears to have the highest capability of all habitats in the study area to
support elk. Since 1978, most road-killed elk have also been located along that stretch. In
addition, the elk habitat of that area is highly connected to the habitats of the upper Kicking
Horse Valley and the Beaverfoot Valley. Most of the TCH in the western half of the study
area is located in very steep terrain. As such, the highway does not bisect much habitat that
has a high capability to support elk. Elk were the most abundant ungulate on the south side
of the valley during the winter. The habitats traversed by transects in the southwestern part
of the study area supported a relatively small number of elk during the first winter of the
study. As such, elk would be expected to cross any unfenced highway developments there
frequently due to their daily movements during the winter.

In general, the habitats contained by the study areaalong the TCH are of low capability
and suitability for moose.
Presently, the Kicking Horse Valley corresponds tothe northern limit of bighorn
sheep winter range along the western side of the Rocky Mountains. The size of the herd
has fluctuated greatly during the past few decades. During the early spring of 1997 there
were 26 animals. Despite an intensive supplemental feeding program, growth of that small
herd appears to belimitedbymortality.Duringthe
winter, sheep resided near the
supplemental feeding station near the 1.5-km mark of the TCH segment where they crossed
the TCH frequently. Withthe onset of snow-melt inthe spring of 1996 sheep moved
easterly up the Kicking Horse Valley as far as the Yoho Bridge, then westward once again
in the fall. Neither bighorn sheep nor their tracks were observed anywhere on the south
side of the Kicking Horse River within the study area.
A total of 216 mountain goats were counted on the mountains that form the western
reaches of the Kiclung Horse Valley. Duringthe late spring and early summer goats were
commonly observed on or near rocky outcrops from just west of the Yoho Bridge to just
east of the Park Bridge. Goats appear to use below-treeline habitats at those locations to
obtain trace elements from areas of exposed rocks and mineral soils. Mountain goats were
observed on both sides of the Kicking Horse River between the two bridges, but we found
no evidence to suggest that mountain goats crossed the river there.

Two different grizzly bears were sighted in the southeastern part of the study area.
Other research (Raine and Ridell 1991) has identified the importance of the eastern half of
the study area to grizzly bears. One factor that contributes to the high suitability of the
study area for grizzly bears is the fact that it is relatively undeveloped. However, human
activities such as logging and possibly highway construction are increasing. Grizzly bears
arebelieved to use theentire study are2-particularly the eastern h a l f a s a movement
corridor.
During the summer we made repeated observations ofan unknown number of
different black bear sows with 2-3 cubs each along the easternmost 8 km of the TCH
LGL Limited
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segment. Habitats near those transects support a lush growth of forbs, berry-producing
shrubs, deciduous trees, and ant coloniesall of which are consumed byblack bears.
Black bears were occasionally sighted atseveral other locations in the study area, providing
evidence thatthey occur throughoutthe forested habitats of theKicking Horse Valley.
Black bears and their sign were observed on both sides of the Kicking Horse River. l h s
species undoubtedly crosses the IGcking Horse River during the summer and fall in the
eastern third of thestudy area where theriver gradient is lowest.
Little wolf sign was observed in the study area. That which was recorded occurred
east of the Park Bridge. That area corresponds to the western limit of home range of a pack
of wolves that contains radio-collared individuals that were being studied as part of a wolf
ecology study in Yoho National Park. Those wolves have been located on both sides of
the Kicking Horse River west of the parkand east ofthe Yoho Bridge, including the
Glenogle Creek watershed. According to McTavishet al. (1996) the main area where
wolves cross the TCH is several krn east of the western boundary Yoho National Park
( i t . , beyond our study area). However, low water after the spring freshet and the period
when river ice is present during the winter months would facilitate the easy movement of
this species between the north and south sides of the Kicking Horse Valley throughout
most of the study area.
The mammalian fauna of the Kicking Horse Valley is diverse. Highway development
in the study area has implications for a wide range of species with varying degrees of
management profile. The widedistributionofprey
species such as deer, red squirrel,
snowshoe hare and grouse contribute to the habitat suitability of the study area for such
species as cougars, lynx and bobcat. Further, because these cat species are active all year
long and able to move through rugged terrain, they have the ability to move or disperse
freely within and beyond that area. Also in response to the availability of prey and suitable
structural features ofthehabitat,
mustelids (particularly marten) are also common
throughout the forested habitats of the study area. Of the mustelid species occurring in the
Rocky Mountains, thewolverine is presently receiving the most attention regarding the
effects of highways on population conservation.
The following conclusions are discussed and options for impact avoidance and
mitigation are given:
Development of additional, unmitigated high-speed lanes will increase
the highway mortality rates of ungulates and carnivores within the study
area. That mortality will present signijicant safety hazards and is likely
to be biologically unsustainable. Conversely, appropriate mitigations
such as fencing, or extensive viaducts ortunnels would lower the
impacts substantially.
Additional highway developments along the north side of the Kicking
Horse Valley between Golden and the Yoho Bridge would negatively
affect the some of the bestdeer and bighorn sheep winter range for local
populations of these species.
The existing highway alignment bisects elk winter range over the
easternmost 7 km of the TCH in the study area.
Development of an additional highway alignment on the south side of
the Kicking Horse Valley east of the Park Bridge will further fragment
the habitat of the Kicking Horse Valley, thereby lowering its suitability
to grizzly bearsand wolves.

LGL Limited
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Further highway development near the Yoho Bridge, Park Bridge, or on
the north side of the valley between those bridges may disrupt mountain
goats that use mineral l i c k there.
Highway development has implications for many species of mammals in
the study area.
Highway development does not have signifcant implicationsf o r moose
in the study area.
Recommendations regarding additional study requirements are made. In summary,
they are:
i f additional highway lanes are to be constructed, expand wildlife
monitoring (winter track counts, string checks, and aerial surveys as
conducted by LGL Limited) to areas that have reasonable potential for
route placement and that have not yet been monitored,
i f and where major highway upgrading is considered, continue
monitoring portions of the study area that have already been investigated
in ordertocapturenaturalvariation
among years and to refine
approaches to mitigation,
fulfill obligationsthat may be required under the Environmental
Assessment Act i f development plans are sufficient to trigger the Act,

cutd
provide -cia1
assistancethat
will allow biologists to continue
studying wolves in the Kicking Horse Valley and in Yoho National
Park.

LGL Limited
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1. INTRODUCTION
The British Columbia Ministry of Transportation and Highways (MoTH) is
considering a potential upgrade of approximately 26 km of the Trans Canada Highway
(TCH; Highway 1) between Golden, British Columbia and the western boundary of Yoho
National Park. The proposed highway development corridor is located in apartofthe
province that supports a diverse community oflarge mammals. The presence of large
animals on a highway creates significant risks of collisions with vehicles. Further, a
project of this nature has the potential to have significant impacts on local populations of
wildlife.
SNC-Fenco Inc. was contracted by the MoTH to prepare a routereport for that section
of highway. The developments they proposed (SNC-Fenco Inc. 1992) involved the
construction of a two-lane highway with a design speed of 110 km/h through the Kicking
Horse Valley corridor. The SNC-Fenco reportcontainedroute options that considered
development on both the north and south sides of the valley. Presently, the project is a
minimum of five years away from construction, and many decisions regarding both general
route placement (e.g., north side, south side, or combination) and design speed (which has
implications for tunneling requirements) remain to be made. In addition to fmancial
concerns, test drilling is ongoing in order to assess the feasibility of highway development
in some areas where surficial geological formations have raisedgeo-technical concerns.
An environmental impact evaluation of the proposed highwayupgrade from Golden to
Yoho National Park was conducted by Thurber Environmental Consultants Ltd. (SNCFenco Inc. 1992). That evaluation indicated that the proposed upgrade of the TCH would
likelyhave serious implications for wildlife-vehicle collisions andthat the migration
corridors and movement patterns of several species of wildlife would probably be affected.
However, because up-to-date information onwildlife distributions and movements was
lacking, the impact evaluation recommended that the situation be studied to augment the
information base and identify opportunities for mitigation.

From 1978 through October 1995 (the entire period spanned by the WARS database),
101 deer, 32 elk, 9 moose, 1 mountain goat, and 3 bears were known to be involved in
wildlife-vehicle accidents on the TCH between Golden and Yoho National Park ( W A R S
1997). The actual numbers oflargeanimalsinvolved
in wildlife-vehicle collisions in
British Columbia. and in the study area were undoubtedly greater, as many incidents were
likely unreported. A recent report prepared by the BC Ministry of Environment Lands and
Parks (1995) indicatedthat during thefive-yearperiod
from 1989 through 1993, an
averageof 3100 largemammals were reported as killed each year on all of British
Columbia’s roads and highways; 49 of those kills (i.e., 1.6% of the provincial total) were
reported for the TCH between Golden and Yoho National Park. During that same period,
the Insurance Corporation of British Columbia (ICBC) paid out $45.6 million in provincewide animal-caused damage claims (BC Ministry of Environment, Lands, andParks
1995). It is apparent that the need to mitigate the financial costs and safety risks associated
with wildlife-vehicle collisions is great.
Beyond the outright removal of individualanimals from a population via wildlifevehicle collisions (e.g., BC Ministry of Environment, Lands, and Parks 1995; Shury
1996). highway developments can affectwildlife in several other ways. In addition to
dailymovements between foraging habitatsandresting
habitats, all speciesof large
terrestrial wildlifein British Columbia exhibit some form ofmovementthat
can have
implications for highway developments. Typically, these movements result from a) daily
movements within a seasonal home range, b) migrations between seasonal ranges, or c)
LGL Limited
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dispersal from natal areas (i.e., emigration). The existence of a highway, and the presence
of people and vehicles associated with that highway, can disrupt or prevent movements by
animals. The long-term effects of those impacts on wildlife populations are poorly
understood. However, most researchers believe that by disrupting traditional movement
patterns, themaintenance of viablewildlife populations may be jeopardized in some
regions. As a result of this concern, federal and provincial authorities have gone to great
lengths to avoid or to mitigate impacts on wildlife movements through highway planning
and the design and installation of structures such as highway overpasses and underpasses
for wildlife.
Wildlife managers have long understood theconceptofwildlife
corridors, but an
understanding oftheimportanceof
such entities for the conservation of wildlife
populations has been more elusive. Within the last decade, wildlife corridors have received
an increasing amount of attention from wildlife scientists and managers. This increase has
come about due to an increased understanding of the mechanisms of wildlife conservation
and increased public concern about the status of wildlife from local to international scales.
As a result, prescriptions for wildlife corridors have been developed and provisions for
incorporating them into landscape-level resource planninghavebeenmade
(e.g., forest
ecosystem networks as described in the Forest Prucrices Code).
to balance the economic demands of highway
Therefore, there is agreatneed
expansion and design with passenger safety and wildlife conservation. The goal of this
study is to provide clear and credible information that will allow planners and managers to
address the concerns of highway safety while striving to ensure that the levels of disruption
to the behavioural patterns of local wildlife populations will not compromise their viability.
Under the t e r m of reference, the study has three objectives.
information on patterns of habitat
use
and overall
population trends for the larger species ofwildlife (i.e., ungulates and
carnivores) within the study area.

1. Obtain
baseline

2. Identifywildlifemigrationandmovement
corridors withinthe existing
highway corridor and along the south side of the Kicking Horse Valley.
3 . Assess and recommend means of impact avoidance and mitigation that are
likely to reduce wildlife-vehicle collisions and that may reduce impacts of
the highway development on local populations of wildlife.

2. STUDY AREA
The study area is centred on the Kicking Horse Valleyin southeastern British
Columbia (Figure 1). The primary study area is defined as that from the junction of
Highway 1 (Le., the TCH) and Highway 95 within the townsite of Golden (822 m above
sea level) eastward to the western boundary of Yoho National Park (1080 m ASL), and
encompasses the existing and proposed' highway alignments. The primary study area
corresponds to segment 0985 of the TCH; beginning at the 0.0-km mark in the west and
going to the25.9-km mark in the east. The highestelevation along the existing TCH
alignment (1432 m ASL) occurs approximately 17 km east of the junction of Highway 1
and Highway 95. The secondary study area is defined as the area covered during aerial
surveys oflocal wildlife, and extends up the sides ofthe Kicking Horse Valley to the
height of land, into the higher reaches of the Kicking Horse Valley watershed, into the
lower reaches of the Beaverfoot Valley to the southeast, and along the benches of the east

'

i.e., those proposed by SNC-Fenco Inc. (1992).

LGL Limited
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side of the Columbia Valley adjacent to the mouth of the Kicking Horse Valley. Mountain
peaks immediately north and south of the Kicking Horse River near the primary study area
approach 2700 m ASL.
The climate of the study area is highly continental. Environment Canada's climate data
for Golden w o r t indicate that from 1902 to 1990, the seasonal extremes of mean monthly
air temperatures in January and July were -10.1 "C and 17.2 OC, respectively. For that
same station and period, the mean snowfall and rainfall for January and July was 57.0 cm
and 4.82 cm, respectively. A summary of snowpack and maximum air temperature data
for the winter periods of 1995-97 is presented in Appendix I. Those data were collected at
the Ten-Mile Weather Station, located beside the TCH on the north side of the Kidung
Horse Valley near the middle of the study area. Ingeneral, the snowpack on the north side
is lower than on the south side due to the greater exposure of the north side to the sun. Our
observations also indicated that the snowpack at the Ten-Mile station was greater than that
near the townsite of Golden and the Golden Aqort.

The western portion of the Kicking Horse Valley within
the primary study area runs in
a generally E-W direction, while the remainder of the valley within the primary study area
runs in a generally SE-NW direction. The terrain of the primary and secondary study areas
ranges from level floodplain at both ends of the study area near Yoho Park and Golden to
vertical, rocky outcrops along the sides of the Kicking Horse Valley. Due to its southern
aspect, the north side of the Kicking Horse Valley is drier than the south side. As a result,
tree cover on the north side is not as dense as that on the south side. The reduced crown
density of forest stands on the north side results in favourable growing conditions for many
species of forage plants that are preferred by local ungulates. Overall, south-facing habitats
have the highest capability to support localpopulations of wild ungulates during the winter.
The study area corresponds to the transition between the forb- and grass-rich, low
snowpacks characteristic of theInteriorDouglas Fir biogeoclimatic zone, the forb- and
grass-poor, high snowpacks characteristic
of
the
Engelmann Spruce-Subalpine Fir
biogeoclimatic zone, theMontane Spruce biogeoclimatic zone andthe Interior Cedar
Hemlock biogeoclimatic zone (Braumandl and Curran 1992). For a further description of
the topography and vegetation in the study area, refer to Harvey Research (1994).
The study area is located near the northern limit of the Southern Continental Ranges
ecosection of the Southern Interior Mountains ecoprovince (Demarchi et al. 1990). That
ecosection is characterized by high, rugged mountains and many wide valleys and isolated
ridges. The climate of that ecosection is warm insummer and cold in winter.
The Kicking Horse Valley supports many species of large mammals, including: mule
deer, white-tailed deer, Rocky Mountain elk, moose, mountain goat, RockyMountain
bighorn sheep, grizzly bear, black bear, grey wolf, coyote, cougar, bobcat, and lynx.

3. METHODS
3.1 Aerial Surveys
The home ranges of animals such as ungulates and the larger carnivores can include
substantial areas outside the Kicking Horse Valley west of Yoho National Park (e.g., Raine
and Ridell 1991). As a result, factorsaffecting those species in distant areas likely
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influencethe numbers ofindividuals using the Kicking Horse Valley. Thecosts of
obtaining accurate and precise estimates of wildlife populations sizes in forested habitats are
prohibitive. In addition, thelimitedvalueof
such numbers within small areas due to
seasonal variationin animal movements erodes the justification for obtaining such
numbers. Therefore, survey methods were designed to obtain accurate indices that would
permit assessment of relative population sizes (i.e., higher, lower, unchanged) for each of
the high-profile species.
Aerial surveys for wildlife were flown over ungulate winter range and mountain goat
summer range during the winter and summer periods, respectively. Surveys during the
winter attempted to cover as muchpotential ungulate winter range as possible. Goat
surveys were flown primarilyabovethe
subalpine level (Le., > =2000 m) along the
mountain ranges and below treeline in parts of the study area where goat habitat existed
nearthe TCH. Surveys wereconductedby two experienced observers from a Bell Jet
Ranger 206 helicopter. The height above ground level (AGL) and the groundspeed varied
with topography, but generally, the helicopter was less than 100 m AGL and below 60
km/h. On surveys during the winter, observers wereseated on opposite sidesof the
helicopter. On surveys during the summer, both observers were seated on the left (uphill)
side of the helicopter. Seating configuration corresponded to the highest probability of
sighting animals or tracks during the two seasons. During winter, most animals occurred
on relatively gentle terrain (i.e., there wasno upslope or downslope side of the helicopter).
During surveys of mountain goats in summer, most goats occur at elevations that are equal
to or greater than the altitude of the helicopter that is optimal for surveying. Because there
was no clear advantage tohavingan
observer scanning the downslope side of the
helicopter, and because areas where goats were known to use lower elevations were
intensively surveyed by flying at lower altitudes, search intensity on the upslope side was
increased by placing both observers on the same side of the helicopter.
Subadult mountain goats (e&, 2-3 years old) are similar in body size to yearlings
( i t . , 1 year old) (Chadwick 1983). Accurate classification of yearlings requires that the
helicopter approach the animals for close inspection. Such close approaches by a helicopter
can disturb goats to the point of injury or death because of the precipitous terrain in which
they usually occur. The accurate classification of goats was not a primary objective of our
surveys. Therefore, we attempted to minimize our harassment of them by avoiding close
approaches and by minimizing the amount of time spent in their vicinity. As a result, an
unknown proportion of yearlings could have been misclassified as adults and vice versa.
A hand-held GPS unit logged the time and position (i.e., latitude and longitude) of the
helicopter every 5 s. Sightings made by observers were recorded using a cassette recorder.
The time of each observation was also recorded, thereby allowing the observations to be
linked to the GPS position data. All animals were classified by species, sex and age-class
where possible. All species of wildlife were recorded; as were fresh (i.e., since the last
snowfall) tracks and game trails. No attempt was made to assign awildlife species to
tracks observed during aerial surveys because of the high probability of errors using this
technique (particularly regarding the tracks of mule deer, white-tailed deer, and bighorn
sheep).

3.2 Snow TrackData
Where permitted by terrain, transects were established in the forest adjacent to the
existing TCH alignment. Present MOTH mapping identifies manyroute options for the
proposed two-lane upgrade of the TCH within a corridor that is located mostly along the
south side of the Kicking Horse Valley. Transects were established within the proposed
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corridor wherever possible. Sections within each transect were marked off every 50m
using a hip-chain and flagging tape.
The frequency with which transects were checked varied with the amount of wildlife
activity along that transect. Transects that exhibited most wildlifeactivity were checked
once or twice weekly, while those with less activity were checked weekly or biweekly.
Transects were not checked during periods of snowfall.
Because the transects were located a modest distance away from the TCH, it was
unreasonable to assume that all tracks represented animals that crossed the highway.
However, it was reasonable to assume that the number of animals that cross a given section
of highway is highly correlated with the number of animals in the vicinity of that same
section. This assumption was supported by comparisons of animal activity along transects
with the rates of highway crossing at locations along the TCH that were adjacent to such
transects (see Results). As a result, the impacts of the TCH on large species of wildlife,
and tbe potential for collisions with large mammals are inferred from the data on wildlife
activity in the immediate vicinityof the highway.

All wildlifetracksdetectedwithin
1 mofthetransectcentreline
(see 3.3) were
recorded. Prior to the start of each transect, the observer noted the number of track-days
for which data were being recorded. Track-days were defined as the lesser of the number
of days since a snowfall or the number of days since the transect was last checked.
For each track, the following data were recorded:
section number;
species;
number of individuals (ifitwasnot
possible toaccurately count the
number of individuals, information was recorded as to whether the
or were madeby several animalsthat were not
tracksformedatrail
following a trail;
direction of tracks;
comments (Le., any relevant observations).
Where possible, all tracks were identified to species. However, due to the similarity
between the tracks of white-tailed deer and mule deer, their tracks were coded as “deer”
unless the animal that made the tracks wassighted. Cloven-hoofed tracks that could not be
identified to species were coded as “unidentifiable ungulate.” The observer filled-in all
tracks with snow to ensure that they would not be enumerated the next time the transect
was checked. Tracks of small mammals (e.g., snowshoe hare, red squirrel) were recorded
only as present or absent within each section during each check.

3.3 StringData
The ‘‘string technique” (Searing 1981) was used throughout the study period to
identify areas that were used as movement corridors by large species of wildlife. Green
cotton (therefore biodegradable) thread was strung at a height of approximately 1 m along
the transects; secured to trees with staples. Approximately 6-10 segments (a segmentwas a
length of string between 2 points ofattachment) were maintainedwithin each section;
depending on the distribution of trees. String along segments formed the centreline of the
transect.
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The species and numberof animals breakingthe string were identified through
interpretation of tracks (i.e., made in snow or soil) and other wildlife sign (e.g., pellets,
hair). Species observed at such locations were extrapolated to nearby locations where, due
to terrain, it was only possible to employ the string technique. The frequency with which
the string along sections of the transects wasinspected depended on therelative amount of
animal use in that area. Transects in areas ofheavy use were inspected at intervals of
approximately one week. Those that received less use were inspected approximately every
two weeks.

The following information was recorded at each break in the string:
II

Section;
Segment:
direction in which the ends of the string were carried (i.e., moving away from
or toward the highway);
identification of any tracks or other sign thatidentified the species of animal that
broke the string.

3.4 Dirt Strip Data
During the times of the year when there wasan inadequate amount of snow to perform
snow tracking and when the soil was not frozen, we established strips of exposed soil.
These strips were approximately 1-m wide beneath the string, where permitted by terrain
and substrate. Areas showing signs ofwildlifemovement (e.g., the presence of game
trails) were targeted under this approach. Strips were grubbed-out by hand using a
mattock, hatchet, and rake. After each string segment and dirt segment was inspected, the
surface of these strips was raked smooth to allow the identification of animals that crossed
between transect checks.
The following data were collected when a dirt strip showedevidence of animal activity:
Section;
Species;
Number of individuals (if it was not possible to accurately count the number of
individuals (e.g.. if the transect crossed a heavily used trail), it was recorded as
“game trail“);
Direction of animal movement;
Comments (is., any relevant observations).

3.5 Ungulate Tracks Along the TCH
In addition to the track data along the transects, counts of animal tracks were
conducted along the shouldersand ditches ofthe TCH when snow conditions were
suitable. Starting at the western boundary of Yoho National Park, observers drove slowly
down the TCH and recorded all animal tracks that were adjacent to the north side of the
highway between the park and the Park Bridge, and between the Yoho Bridge and the
junction of Highway 1 and Highway 95. Animal tracks between the Park Bridge and the
Yoho Bridge were recorded on the south side of the highway. Tracks were only recorded
on one side of the highway because the ground on the downslope side was often not visible
the highway due to the steep slopes of the valley. Tracks that could not be identified from
the vehicle were investigated on foot. The distance along the transect (nearest 0.1 km)and
species that made each set of tracks observed were recorded.
LGL Limited
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Data on wildlife-vehicleaccidents in the study area were obtained from MOTH;
WildlifeAccident Reporting System ( W A R S 1997). Data on rail-killed animals were
obtained from Wells (1997).

3.6 WildlifeSightings
During this study, the existing TCH was travelled extensively by field technicians in
the course of routine data collection. Further, as transects were checked for tracks and
string breaks, a considerable opportunity to opportunistically collect data on the
distribution, abundance, and timing of wildlife in the study area existed. Therefore, all
sightings of mammals wererecorded. In addition, wildlife-related observations such as
fresh scat, roadkills, and antler rubs were also noted.

4. RESULTS
4.1 AerialSurveys

Three aerial surveys were conducted during the study period: 12 December 1995; 17
July 1996; and 4 January 1997. Both winter surveys were flown within two days of a
snowfall, therefore, the “freshness” of all tracks was easily assessed. The number of
hours flown during the second winter survey was much greater than during the first one
because of improved survey conditions (is., weather) and because we combined our
survey efforts with Parks Canada. As a result of the joint arrangement between LGL
Limited and Parks Canada, we were able to cover a far greater area than we had initially
proposed.
The dense conifer canopies that cover much of the study area effectively hid animals
and tracks when viewed from above. Despite the expected underestimates of the numbers
of ungulates, observations of animals during theaerial survey matchedthegeneral
distributions observed during other surveys ( i t . , elk near the eastern limit of the primary
study area and deer near the western limitof the primary study area) as discussed below.
4.1.1 Winter Ungulate Surveys

Results of the first winter ungulate survey are shown in Figure 2. A totalof 53
mammals were observed (Table 1) during approximately 1.5 hours of flying. The arrival
of a storm-front that brought snow and unsafe flying conditions during the latter third of
the first survey resulted in some of the areas along the existing TCH alignment not being
surveyed as intensively as planned. The low numbers of animals observed on this survey
were, in our opinion, primarily a result of low densities of ungulates in the study area, but
poor surveying conditions during the latter third of the study undoubtedly resulted in a
greater proportion of animals that wentundetected.
Results of the second winter ungulate survey are shown in Figure 3 and Figure 4. A
total of 120 mammals were observed (Table 2) during approximately five hours of flying
under weather conditions thatwerevery good for surveying. The largest herd of elk
observed contained 37 individuals and was located in the Columbia Valley just south of
Golden. The remainder of the elk were observed in groups of 1-3 animals. Only 6 elk
were observed in theimmediatevicinityofthe
TCH betweenthe junction and Yoho
National Park. The majority of white-tailed and mule deer were observed near the western
end of the study area on the south- and west-facing slopes on the north side of the Kicking
TCH. Ofthe six moose
Horse River. No moose were observed inthevicinityofthe
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sighted, 2 were in the Beaverfoot Valley, 3 were located on the west-facing slopes of the
Emerald River valley, and 1 was sighted near the Ottertail River.
Table 1. Summary of mammals observed during the winter survey
covered by the survey, refer to Figure2.

Adult
Adult
Unclass’d

deer

Mountain

2

1

3

2

white-tailed
mule deer
unidentified

ma

Young
ofUnclass’d
Year
Total

Species
Female
Male
Yearling
Adult
Rocky

of 12 December1995.Forthe

1

Rocky
bighorn sheep

5

8

30

30

Table 2. Summary of mammals observed during the winter survey of 4 January 1997. For the area covered
by the survey, refer to Figure 3 and Figure 4.

Young

Adult
Adult
Unclass’d

ofUnclass’d
Year
Total

Species
Female
Male
Yearling
Adult
Rocky
white-tailed deer
mule deer
unidentified deer

1

5

10

52

3

28

1

7

8
8

37

33
2

17
8

Although more animals were observed during the second survey than during the first,
the general patterns of distribution of each species remained very similar between the two
years.
4.1.2 Summer Mountain Goat Survey

Results of the mountain goat survey on 17 July 1996 are presented in Figure 5 and
Figure 6. A total of 213 mountain goats were observed (164 adults; 10 yearlings; 34 kids;
5 unclassified). Group sizes ranged from single animals to a post-kidding herd of 32. The
average elevation of groups of goats was 2256 m (min=1630 m; max=2600 rn; SD=165 m;
n=53), indicating their preference for alpine habitats during that time of year.
In addition to mountain goats, other notable sightings made during the survey included
one Rocky mountain elk, three golden eagles, one Red-tailed Hawk, a grizzly bear dig/den,
and extensive networks of
goat
trails
in
the
alpine
(Figure 6). The extensive
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network of trails that was observed in thealpine areas were undoubtedly created and used
frequently by mountain goats as theymovedwithm
and between seasonal ranges
(Chadwick 1983).

4 . 2 WildlifeTracksAlongTransects
Fourteen transects representing a total of 23 350 m were established and monitored
during the initial winter period (10 January 1996 to 18 March 1996) (Figure 7, Figure 8).
In addition to those transects, one other transect (Transect P) was monitored during the
second winter period (18 October 1996 to 27 January 1997) resulting in a total transect
length of 24 200 m during the 1996-97 winter. Appendix III presents the mean number of
all ungulate tracks that were observed per 50-m section per trackday during each winter
period. Note that the absolute value of mean tracks per track-day is indicated, but that the
distance between intervalsonthey-axis is scaled to the square-root ofthe units. This
scaling was done to facilitate direct comparisons of data among transects because of the
large ranges inthemeannumberof
tracks per track-day along the transects. Table 5
presents the number of times each section was surveyed and the number of track-days
included in the sample for the winter periods. A description of the location of each transect
is presented in Appendix II.

It was not possible to accurately determine the number of animals when tracks were
made by animals that followed each other, or by animals that milled about in a small area.
Due to the need to quantify the number ofanimals in such events, an arbitrary value of four
tracks was assigned to those events. Because an index of relative abundance rather than an
absolute measure of it was desired,the inferential capability of inter-transect comparisons is
not compromised by this approximation.
Observations ofungulatetracks along the transects are summarized in Table 3 and
Table 4. For all transects, “deer” (both white-tailed deer and mule deer as evidenced
through observations of animals in the vicinity of the transects) were the most abundant
ungulates in the study area. Lesser numbers of tracks of Rocky Mountain bighorn sheep,
Rocky Mountain elk, and moose wereobserved in the study area (Table 3 and Table 4).
The large differences in numbers of tracks observed between years does not
necessarily represent different numbers of animals in the study area between the two years.
Much of the difference was caused bythemore frequent snowfalls during the 1996-97
winter (which obliterated tracks before they werecounted) and fewer surveys conducted.
The distribution of ungulate species based on winter track observations varied greatly
throughout the study area. In general, most unplate tracks occurred on the south- and
Horse Valley. Greatest numbers of
west-facing slopes ofthenorthsideoftheKickmg
ungulate tracks (mostly white-tailed deer, mule deer, and sheep) occurred near the western
end of the study area (it., Transects E, F, G and H). Elk tracks were commonly observed
in the southwest (Transects J and K), south-central (Transects M and N) and northeast
portions (Transects A and B) of the study area.
Snow tracking provided an opportunity to collect data on many species of wildlife in
the study area. Table 7 presents the relative frequency of observations of tracks for nonungulate species ofterrestrial wildlife. Where it was not possible toidentifyatrackto
species, a broader taxonomic group was recorded. For example,it was often impossible to
accurately distinguish lynx tracks from bobcat tracks; therefore, thesetwo species were
lumped.
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Table 3. Numbers and percentages (in parentheses) of tracks for each species of ungulate as observed along
the transects during IO January 1996 and 18 March 1996. Total numbers of
uacks by mnsect and species
are also indicated.Numbers donotrepresentpopulationsizesneareachuansectbecausetransecfs
were
surveyedrepeatedlythroughoutthewinter.
As a result individuals wintering near
a given transect were
undoubtedly recorded more than once.

Rocky
Mountain

Mountain
Unidentified

Rocky

Table 4. Numbers and percentages (in parentheses) of tracks for each species of ungulate as observed along
by transect and
the transects during 18 October 1996 through 27 January 1997. Total numbers of tracks
species are also indicated. Numbers do
not represent population sizes near each transect because transects
were SuNeyed repeatedly throughout the winter. As a result individuals wintering near a given transect were
undoubtedly recorded more than once. Numbers of ungulate tracks recorded along each transect.

Ungulate
Bighorn
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Table 5 . Number of track days and number
during the two winter periods.

of times each transect was checked

on winter track counts

Year
1996-97
Transect
1996
Total
Data
Days
A
66 Track

B
DaysTrack

C

DaysTrack

D

24

42

IO

Times Checked
DavsTrack
Times Checked

14

47
12
48
10
37

Checked

IO

Times Checked
Times
E
DaysTrack
Times
F
DaysTrack
Times
G
DaysTrack
Times
H
DaysTrack
Times
I
Days Track
Times
J
Davs Track
Checked
Times
DaysK
Track
Checked
Times
L
DaysTrack
Times
M
DaysTrack
Times
DaysTrack N
Times
P
DaysTrack
Times

50
Checked
Checked
Checked
Checked
Checked

57

Checked

19
53
17
32
8
32
8
34
6
35
II
40
12
36
10
36

12
17
9
19
8
7
14
8

19

IO
6
6
8
7

17

64
27
72
27
38
14

40

15

7

13

22
9
18

7
IO
7
7
6
8

9

Checked
6

36
9
0

15

0
558
125618

8
216
117

TotalTrackDays
TotalTimesChecked

18
51

15
49

Checked

Checked

22
64
21
67

20
58
19
46
17
43
15

44
15
15

a
714

4.3 UngulateTracks Along theTCH
Six surveys of wildlife tracks along the TCH were conducted between 17 January
1996 and 8 May 1996. The. survey during May was conducted after a snowstorm that
occurred unusuallylate in the spring. The total number of track-days was 32. Three
surveys were conducted between 20 November 1996 and 5 January 1997, representing a
total of 5 track-days.
Figure 9 summarizes the total numbers of each species of ungulate tracks observed in
500-m sections of the TCH during the first winter of the study, and Figure 10 summarizes
data for the second year. From those figures it is evident that ungulates were not randomly
distributed along the TCH corridor. The largest numbers of deer (both white-tailed deer
LGL
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and mule deer) occurred near the western end of the TCH conidor, while most elk occurred
near the eastern end.

60
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Distance (km)

'igure 9. Numbers of ungulates on six surveys during January-May 1996 as indicated by the total number
)f tracks within 500-111sections along the TCH from the western boundaryof Yoho National Park (Km 26)
o the junction of Highway 1 and Highway 95 (km 0). Data represent 32 track days.

4.4 The StringTechnique
String was placed and monitored throughout the first year of the study (10 January
1996 to 30 December 1996). No string data were collected during January 1997. A total
of 23,500 mof string was established and monitored during the winter period along
transects A-N. After thesnow had melted in the spring, and access to some locations along
the south side of the Kicking Horse Valleybecame safe and practical, several more
transects were established (i.e., transects P, Q, R, S, and T; totalling an additional 5,250
m). For a description of the location of the transects, refer to Appendix II.
Graphs of the meanproportion of string segments broken per day per section and the
relative proportions of the species that were identified as having broken those segments are
presented in Appendix IV. These figures clearly show that the majority of string breaks
occurred in the northwestern portion of the study area (Transects E, F and L) and were
likelyprimarily caused by deer with some contribution bythe other species; especially
bighorn sheep.
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?igure IO. Numbers of ungulates on three surveys during November 1996-January 1997 as indicated by the
:otal number of tracks within 500-111 sections along the TCH from the western boundary of Yoho National
Park (Km 26) to the junction of Highway 1 and Highway 95 (km0). Data represent 5 track days.

-

A summary of the relative distributions of string breaks across the study period are
presented for 2-honth intervals in Appendix V. On ail transects except T r a n s k g E and F,
most string breaks occurred during the
period from May-October.
Even
though the areas
represented by Transects A, B and C (in the northeastern portion of the study m a ) and
Transects J and K (in the southwestern portion of the study area) supported the largest
number of wintering elk, their abundance and amount of movements as measured by the
string relative to that of year-round resident deer was less. It is interesting to note that
movements by deer as measured by string-breaks inthe area represented by Transects E
and F were highest during the winter period. These data conflict withthe highway
mortality figures,which indicate a reduction of mortalityof deer during the winter.
The generalized directions of string breaks (i.e., animal movements) are presented in
Appendix VI for two study periods (i.e., snow and no snow) for each species as identified
by the direction in which the ends of the string were carried and/or by tracks (snow or dirt
strips). Although no statistical analysis was conducted, and there was a relatively balanced
movement by animals in both directions on all transects, in general the transects on the
north side of the Kicking Horse River had slightly moremovement to the south during both
summer and winter periods and transects on the south side of the river had slightly more
movement to the north. Because the differences were very small, it is possible that the
differences may have been caused by a few animals that were moving uphill being able to
"duck" under the string whereas animals travelling downhill could not easily avoid
breaking the string.

LGL Limited

22

Wildlife Tracking Golden IO Yoho

EA1042

4.5 WildlifeSightings and Non-ungulateSign
During the course of this study, hundreds of sightings of wildlife were recorded.
Because of the fixed location of the transects and the fact that most species have discreet
home ranges, we expectthata
significant proportionofthe
observations were repeat
sightings of the same individuals. Table 6 presents wildlife sightings made while working
in the vicinity of each transect. Wildlife sign other than tracks was also recorded (Table 8).
The most abundant of which was red squirrel feeding activity (i.e., piles of conifer cone
bracts) and wildlife trails. Wildlife trails occur in habitats on both the north and south sides
of the Kicking Horse Valley throughout the study area. Trails are particularly evident along
the breaks of steep draws. Fresh bear sign (i.e., scat, dug-up ant colonies, or marked
trees) was observed along transects A,B, D,I, J, K, N, P, and R. Very little evidence of
ungulate rutting behaviour was observed. A few trees with the bark rubbed off bythe
antlers of ungulates were observed along transects E, F, and P.
All sightings of terrestrial mamrnals in the study area wererecorded as observed while
driving to and from the transects. -Both white-tailed deer and mule deer wereobserved near
the TCH throughout the study area, but most sightings occurred west of the Yoho bridge.
The few sightings of elk that were made away from transects occurred between the Yoho
Bridge and the Park Bridge. Bighorn sheep were observed almost daily near Golden
during the winter months, or anywhere between Golden and the Yoho Bridge during the
snow-free months. This species was most commonly observed standing on the TCH or
bedded on the shoulder. Mountain goats were observed almost daily in the vicinity of the
TCH during the late spring and early summer near the Yoho Bridge (north and south sides
ofthevalley)
and nearthe Park Bridge (south side ofthe valley). Goats were also
observed at the lower elevations of the north side of the valley between the two bridges,
mostly near Glenogle Creek. Most of those animals were either observed licking mined
salts or suspected of being in those general areas for that purpose. The locations of those
lick sites are indicated in Table 8. Two black bears were observed east of the Park Bridge.
Table 6. Number of sightingsofwildlife in thevicinityoftransectsduringthe
entirestudy.Dueto
differences in transect lengths and the number of times transects were checked, absolute comparisons among
transects are invalid. These numbers illustrate relative distributionsof species only.
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Tahle 7. Relative frequencies of non-ungulate wildlife tracks along the lransects as observed during snow tracking during the study. The numher of limes wolf and
cougar tracks were observed are indicated. Due to differences in transect lengths and the number
of times transects were checked, absolute comparisons among
transects are invalid. These data illustrate relative ahundance of species only.

Species
Unident.
Felid
Lynx/ Unident.
TransectCoyote Wolf D o g Canidsp.CougarBobcat
A
V
2
c
U
2
B
V
I
U
2
C
V
I
C
2

D
E
F

G&H
I
J&K
L
M&N
P

C
V
V
U
C
C
U
U
U

U

sp.
C
C
C
U
U

c
U

C
U

Marten
Weasel
C
C
C
C
U
C
U
C
U

U
U

C

C

U

U

3

U

U
U

U
U

2
I

U

U

U

C

C

U

C

U

U

Unident.
Unident.
Snowshoe
Red
Mustelid
Grouse
Hare
Squirrel Mouse
sp.
sp.
V
V
V
C
C
V
V
V
C
C
V
V
V
C
C
C
C
U
C
V
C
C
C

U

1

U

UC

U
U

C
C

C
C
C
C

U

V
C
C

VC

V

V

U

U

C

U
U
U

V

U

U

U
C
C

V

C
U

U
U

U

U
U

V=very common (several records during most checks)
C=common (usually at least I record per check)
U=uncommon (not recorded duringmost checks)
blank = never recorded
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Table 8. Descriptions and locations of areas used as mineral licks by mountain goats during the spring in
the study area and having implications for highway development.

Description
of

east

Rocky bluffs above talus on south side of valley within
200 m
100 mof
Rockybluffsonsouthsideofvalleywithin
e a t e m end of Yoho Bridge
100 m of the
Rocky bluffs on north side of valley within
westem end of the Yoho Bridge
5682550
Rocky outcrop in a timbered area on the south side of the
valley
(opposite
valley
the
side
offrom
existing
the TCH)
Various general areas onthenorthsideofthevalley
between the Yoho Bridee and the Park Bridee.

ApproximateCenter of LickArea
UTM Easting
UTM Northing
5 14500

5680500

5 10400

5682200

510250
506500
5682700

5 . DISCUSSION
It is important that the reader has a clear understanding of what constitutes a wildlife
corridor in order thattherationaleand
justification for some of our recommendations
regarding impact avoidanceandmitigationbe
understood. Paquet et al. (1994) define
wildlife movement corridors as:

/ I
1 ,

“...linear landscapefeatures thatfacilitate the biologically effective transport
of animalsbetween larger patches of habitat.” “Further, corridors may
function as transitional habitats that provide only those ecological services
and resources required when individuals movebetweenpatches. In other
cases, corridors may comprise habitats that are critical for a species’ day to
day survival.”

,

~

l
~

~

~

~

From the above definition, it is clear that corridors serve animals in ways beyond
simply allowing them to get from one point to another. At first, one mayvisualizea
wildlife corridor as a well-used trail that connects one habitat (e.g., daytime bedding or
summer range) with another (e.g., nighttime feeding or winter range). Althoughmany
species make extensive use of such linkages, this view excludes the majority of animal
movementf-especially in areas where terrain does not restrict movement. In the absence
of terrain-imposed limitations on animal movements, movement corridors becomevery
wide and are moie likely to serve as transitional habitats and critical habitats in addition to
their function as linkages between habitats. In areas where steep terrain imposes limitations
on movements, thepredictabilityofthe
locations ofmovement corridors increases.
Increased predictability merely means that movement corridors are able to be located with
greater confidence.
The animals ofconcern in this study area are mobile over distances that span
kilometers. It is importantthatsuitable corridors arenot disturbed or altered because
animals forced to use sub-optimal corridors may suffer decreased survivorship or create
safety hazards at new locations as they attempt to adjust to the changes in their habitat.
At the landscape scale, the partof the Kicking Horse Valley within the study area has
beenidentified as awildlifemovement corridor that connects theupper Kicking Horse
Valley, Beaverfoot Valley,
upper
Kootenay Valley and Columbia
Valley
(Komex
International Ltd. 1995). As such, the habitats within the study area provide an important
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flowof genetic

5 . 1 LocalWildlife SpeciesofConcerntoHighwayDevelopment
The Kicking Horse Valley is used by a number of large wildlife species. During this
study white-tailed deer, mule deer, Rocky Mountain elk, moose, mountain goat, Rocky
Mountain bighorn sheep, grizzly bear, black bear, wolverine, marten, gray wolf, coyote,
cougar, bobcat, and lynx were directly or indirectly (i.e., through sign) observed. For
most ofthe length ofthe proposed highway upgrade, the north-facing slopes (is., the
south side) of the Kicking Horse Valley are of lower habitat value to most species than
those of the south-facing slopes along the north side of the river (Harvey Research 1994;
D. Martin, Habitat Protection Biologist, BC Ministry of Environment, Lands and Parks,
1995, pers. comm.; this study). Use of habitats by wildlife in the Rocky Mountains can
varygreatly among seasons. The numbers of most species in agivenhabitat typically
fluctuate in response to seasonal changes in forage availability and palatability within their
annual home ranges.

5 . 2 Road-and Rail-killedWildlife
The general pattern of deer near the western part of the segment and elk near the
eastern part is reflected in the distribution of road- ( W A R S ) and rail-killed (Wells 1997)
ungulates between1978 and 1996. The numbers ofanimalsdepictedin
Figure 11
represent instances in which a road-killed animal was recovered or accurate reports were
submitted. In many instances, collisions with large mammalsarenot reported. Further,
some wildlife sustain fatal injuries in these collisions, but are able to move off the highway
alignment where they subsequently die undetected. As such, the data in Figure 11 underrepresents the actual number of wildlife-vehicle accidents. The degree to which collisions
are underreported undoubtedly varies with location, season, and species. A Buckingham
(MoTH, 1997, pers. comm) indicated that the MoTH uses a multiplier of 5 to correct for
these deficiencies intheroadkill statistics. Nevertheless, the locations where roadhailkilled animals have been reported are likely representative of the highway sections where
most mortality occurs. The causes of these “zones of animal mortality” along the highway
have been discussed earlier, and are likely due to the highway bisecting habitats used by
individual species and thus a large amount of daily movement across the highway is likely
to occur, or the highway lies between seasonal ranges and large numbers of animals are
forced to cross the highway during two or more periods of the year. Often the timing of
roadrail-killed animals can indicatethenature of the bisection. From Figure12 it is
apparent that deer mortality due to roadrail kills declines substantially when theanimals are
less mobile (i.e., during winter), and is highest during the period from May-August. There
is no seasonal peak indicating a migratory crossing of the TCH. Although some mortality
likely resulted from seasonal movements, the extended part of the year during which the
deer mortalities occurred is more indicative of daily movements within non-winter deer
habitats. Althoughasimilarpicture emerges for elk inthatmortality is low during the
summer period in this case (May-August) and highest during the winter (November-April),
it is likely that seasonal movements between ranges occurring in November and March is
also hidden within this pattern. Mortalitythat occurred during January-February likely
reflected daily movements within the winter range of the eastern part of the study area.
Wells (1997) presents data on rail-killed animals within the study area. In his study,
track-side searches for dead animals were conducted approximately 3 times per week
during 1994 through 1996 between Field, BC and Revelstoke, BC. The section of the
CPR mainline within the Kicking Horse Valley corresponds to the CPR mileage markers of
19 and 37. Within that section of track, a total of 24 ungulates and 1 black bear were
reported as killed by trains. Kill sites during 1994-96 show a pattern of low numbers for
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most of the study area(We1ls 1997). The area with the highest number of kills is near the
townsite of Golden (mile34-37). The periodforwhich raw datawere available(i.e., 199495) indicated that at that location, the vast majority of rail-killed animals are mule deer
(n=12), followedby Rocky Mountainelk(n=l) andRockyMountainbighorn sheep(n=l).
Of the 24 rail-killed ungulates in the study area, only two mule deer and one Rocky
Mountainelk were killedoutside of the Golden townsite. . . . ~.
,

. . . .

.

'

~

..

Whenreportedkillsareconsidered
on an average &klbasis, the number of
ungulates killedby trains in the study area (12.0/year) actually exceeds thosekilled along
the TCH (8.4Iyr). However, thesefiguresshouldbe intexpreted with caution. Train
mortalitywas based on intensivesearchesfor animalsandhighway mortality was recorded
through amuchmorecasual process and is known to considerably underestimate actual
mortality. Also, highway-caused mortality is more widely distributed through the study
areaand on elk and moose as well as deer, whereas train-caused mortality was largely on
deer in the'Golden townsite. The mortality caused by trains was recorded only during two
recent years of particularly severe winters when deer were concentrated in and near the
reveal a different
Golden townsite. Longer-temmonitoring of train-causedmortality might
. . .. .
.
.
patternthan shown by Wells' study.
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Figure 11. Total numbers and locationsof mad-killed ungulates within 500-m sections along the TCH
from the western boundaryof Yoho National
Wrk (Km 26) to the junction of Highway 1 and Highway 95
(h0) from 1978 thmugh October 1995. Road-kills without location data are indicated at "hda".
Actual numbers are expected to be much higher than those presented due to under-reporting, Source:
WARS (1997).
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Elk

Figure 12. Seasonal timing
of road-kills involving deer ( d o l ) andelk ( ~ 3 2 )between
Golden and Yoho National Park from 1978 through October 1995. Source: WARS (1997).

5 . 3 White-tailed Deer and Mule Deer
Compared to the other species of ungulates in the study area, white-tailed deer and
mule deer were very abundant at some locations-particularly near the western end of the
study area where the Kicking Horse Valley merges with the Columbia Valley. Deermoved
throughout that area inall directions. Data show thatthe greatest concentrations of
wintering white-tailed deer and muledeer occumd on the north side of the Kicking Horse
Valley west of the 4-km mark of the TCH segment. While low numbers of mule deer
wintered throughout the study area, white-tailed deer were only observed east of the 4-km
mark during the summer, and even then, only a few were sighted. In general, white-tailed
within the Golden
deer used the gentle-sloping south- and west-facing ridges near and
townsite, while mule deer made greater use of the steeper terrain found along the southfacing slopes of the north side of the Kicking Horse Canyon. Such sites likely offered
them both security from predators and available forage due to the reduced snowpacks that
occur on steep, south-facing, timbered sites. Those observations fit the conventional
understanding of the ecology of these species in that although there is considerable overlap
in the winter habitats and forages used by these two species, mule deer are more likely to
occur at higher elevations, in areas with steeper terrain, and in areas with deeper snow than
are white-tailed deer. During the winter, white-tailed deer tend to be more abundant in the
valley bottoms than on higher ridges andmountain slopes.
Throughout the province, the winters of 1995-96 and 1996-97 were twoof the
harshest during the last 20 years for ungulates in the East Kootenay. Partly as a result of
the weather, 25-30 white-tailed deer fed regularly on the hay that was set out for bighorn
sheep (A. Pezderic, 1996, pers. comm.). As a result, the distributions of deer observed
during this study were expected to reflect the most critical winter ranges. The distribution
of white-tailed deer and mule deer during less severe winters is expected to be somewhat
wider. The most likely change would be that a greater proportion of mule deer would
winter on the south-facing slopes of the eastern half of the study area.
*- I

Track data along transects and along the TCH indicated that the number of deer in the
vicinity of the TCH was greatest in the first 10 km, and particularly, inthe first 5 k m ,of the
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TCH east ofthe junction of Highway 1 and Highway 95. The location of deer killed by
vehicles in the study area supports the observations thatdeer numbers and/or activity in the
study area has traditionally been highest at the western end.
Compared to the north side of the valley, inconsequential amounts of deer sign were
observed on the south side during the winter. The lower elevations of the south side of the
Kicking Horse Valley (i.e., below the location where the proposed highelevation bridge
meets the south side of the valley-due south of the 2.5-km mark ofthe TCH as per SNCFenco mapping) may be used by deer moreextensively than the upper elevations. A.
Pezderic (1996, pers. comm.) indicated that in April, 1996 he found 17 white-tailed deer
carcasses just above the river several hundredmeters east of Golden.It was apparent that
the deer had starved to death-providing further evidence of the harshness of the past
winter. Because of the well-worn game trails in thatarea and the absence of suitable forage
species, the ridge breaks on the south side of the valley appear to be used as movement
corridors that connect lowelevation winter range near the mouth of the Kicking Horse
Valley to higher-elevation spring, summer, andfall ranges on the mountains inthe
Beaverfoot Range.
Mule deer fawns were observed shortly after the fawning season (i.e., May-June)
along Transects A and J. Both areas are characterized by a dense understory of deciduous
shrubs and regenerating conifers that provide security cover. It is difficult to interpret the
importance of those areas for fawning basedona
few incidental sightings where the
observability of deer is low to begin with. However, white-tailed deer does and mule deer
does do not aggregate during thebirthing season, and assuch, the northeastern and
southwestern portions of the study area should be considered important reproductive areas
for deer.
5.4 Rocky Mountain Elk
Low numbers of elk wintered inthe Kicking Horse Valley during the study. Most
observations of elk tracks near transects were made along Transects A, B, C, and N. The
vast majority of elk tracks observed along the TCH were located within 5 km of Yoho
National Park. That location corresponds toan areathat supports extensive stands of
trembling aspen and an abundance of shrubs that serve as forage for elk during the winter.
Further, the BC Ministry of Environment, Lands and Parks (with funding from the Habitat
Conservation Fund) thinned and burned two largepatches of habitat north of the TCH near
that location in order to enhance its suitabilityas elk habitat. Aerial survey results indicated
that there was extremely little elk activity in the Kicking Horse Valley further than 7 km
west of the park boundary. In addition to the habitats of the northeast part of the primary
study area, two other wintering areas were noted. First, grain spilled by railcars near the
townsite of Field has attracted elk for many years (K. Schroeder, Parks Canada, 1997,
pers. comm.). Second, the riparian habitats of the Columbia River and lower benches of
the Beaverfoot Range (near Transects J and K) are also used by elk. The herd of 37 elk
observed on the 1997 aerial survey neartheColumbia River south of Golden was the
largest observed during the study. AccordingtoA. Pezderic, thatherd summers inthe
Purcell Mountains (i.e., west ofthestudy
area). The extremely lownumbers ofelk
detected along Transect I (i.e., the southeastern part of the study area), and results from
Transects A-D and those from highwaytrack counts near those transects (i.e., the
northeastern part of the study area), suggest that suitable elk winter range in the eastern half
of the study area is confined to the north side of the Kicking Horse River within 7 km
westward of Yoho National Park.

LGL Limited

Page 29

Wildlife Tracking Golden ro Yoho

EA1042

Most of the TCH in the western half of the study area is located in very steep terrain.
As such, the highway does not bisect much habitat that has a high capability’ to support
elk. The gentle terrain of the floodplain and river benches parallel with the eastemmost 7
km of the primary study area appears to have the highest capability of all habitats near the
TCH to support elk. That section of the TCH experiences the highest rate of elk crossing
in the study area because the TCH bisects suitable elk habitat at that location. In addition,
the elk habitat of that area is highly connected’ to the habitats of the upper Kicking Horse
Valley and the Beaverfoot Valley.Boththe
upper Kicking Horse Valley and the
Beaverfoot Valley have higher capabilities than most of thelower end of the Kicking Horse
Valley to support elk during the winter (KomexInternational Ltd. 1995). Movement of elk
between the upper Kicking Horse Valley and the Beaverfoot Valley could result in elk
movement through the eastern portion of the study area across the TCH.
The numbers of elk that occur in the eastern end of the study area at any given time
during the winter are reportedly influenced by the presence of a pack of wolves whose
territory includes the eastern end.of the study area as well as parts of the upper Kicking
Horse and Beaverfoot Valleys (C. MacTavish,wolf biologist, 1996, pers. comm.; L.
Friis, fur trapper, 1996, pers. comm.). When wolves move into an area where elk are
present, the elk are apparently displaced to other areas. Cam McTavish (1996,pers.
comm.) indicated that the area near the confluence of the Beaverfoot and Kicking Horse
Rivers is used repeatedlybyalocalpack
of wolves. Most of thewolf sign observed
during this study was located on both sides of the Kicking Horse River near the eastern
limit of the study area.
Unlike the eastern part of the studyarea wherethe TCH bisects habitat that elk use for
foraging, bedding, and travelling during winter, the TCH in the central portion of the study
area does not appear to travel through suitable elk. Although considerable elk activity was
Yoho and ParkBridges, very few elk
noted on the southern valleywallbetweenthe
crossed the TCH there. The steep and confined nature of the elk habitat on the south side
of the valley between the bridges, combined with the observation that very few elk crossed
the TCH there, suggest that the use of the habitats on the south side of the Kicking Horse
River between the Yoho and Park Bridges is restricted to a few animals that that do not
generally cross the valley there during winter.
Track data collected along thetransectsindicatedthat
elk were the most abundant
ungulateonthe south side ofthevalley
during the winter. The habitats traversed by
Transects J and K (i.e., the southwestern slopes of the study area) supported a relatively
small number of elk (i.e., likely <20) during the first winter of the study. Transects J and
K bisect an area that is used by elk during the winter. As such, elk would be expected to
cross any highway developments there frequently due to their daily movements during the
winter. Elk sign was also observed between the Yoho and Park Bridges and to the east of
the Park Bridge. Between the bridges, elk didnot appear to cross the TCH. Elk sign
observed east of the Park Bridge suggested that this species moved in E-W and W-E
directions along the slopes and accessed higher elevations (likely summer range) to the
south by travelling up ridges along the draws that feed into the south side of the Kicking
Horse River. It is also possible that elk cross the Kicking Horse River beneath or near the
Glenogle Creek drainage, but we
Park Bridgepossibly as they move in and out of the
have no data that supports this hypothesis.
Habitat suitability refers to the degree to which an area presently meets the life requisites of a species;
habitat capability refers to the potential of an area to meet the life requisites of a species under ideal habitat
conditions.
High connectivity of these areas refers to the high suitability of the habitats between these areas to serve
as movement corridors for wildlife.

’
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5.5 Moose
In general, the study area along theTCH does not contain much habitat that is suitable
for moose. Occasional sightings and limited amounts of moose sign were observed along
Transects A, B, M, N, and P. No moose tracks were observed during winter track counts
along the TCH. The low numbers of moose tracks that were observed along each transect
were most likely made by one or two animals that wintered in the general vicinity of the
transects. A single sighting of a cow moose and newborn calf was made in early May near
Transect N, but the overall lack of suitable reproductive habitat in the study area suggests
that this sighting was a rare event.

I

I

I

I

5 . 6 Rocky MountainBighornSheep
Presently, the Kicking Horse Valley corresponds to the northern limit of bighorn
sheep winter range along the western side of the Rocky Mountains. Locally, the combined
effects of limited grasslands and the high snowfall for the most part, appear to restrict the
distribution of suitable bighorn sheep habitat to mountain ranges (along the western slope
ofthe Rocky Mountains) south of the Kicking Horse Valley. As themost northerly
population of sheep in the East Kootenay
Region, the herd is susceptible to starvationinduced winter die-offs. For example, severe snow conditions intheearly 1970s likely
caused the extirpation of the Golden herd. After bighorn sheep had been absent from the
Golden area for more than a decade, three ewes and two yearling r a m s appeared there in the
fall of 1986. Since 1986, the bighorn population that winters near Golden increased to 31
animals by the winter of 1995-96 (A. Pezderic, naturalist, 1996, pers. comm.). Six lambs
were born in that herd during the spring of 1996, but only 1 returned to the feeding station
in the winter of 1996-97 (A. Pezderic, 1997, pers. comm.). The sue of the herd during
the early spring of 1997 was 26 animals. Despitean intensive supplemental feeding
program, growth of that small herd appears to be restricted by the proportionately large
effects that losing afew individuals topredation and roadkillhave on the population
dynamics of the herd. The small herd size and its susceptibility to drastic fluctuations in
population size have resulted in it being considered of low prioritytobudget-limited
wildlife managers in the Kootenay Region (Demarchi and Demarchi 1994). but residents of
Golden have expressed a strong desire to conserve the herd.
During winter surveys oftracks along the TCH, bighorn sheep tracks were only
observed between 2 km and 6 km from the junction of Highway 1 and Highway 95. In
addition, incidental observations of sheep were made daily near and on that same section of
highway during the winter period. The reason that very few sheep tracks were observed
along the transects wasthat no transectswere established inthatpart of the townsite,
becauseof interference from theresidential and commercial developments there. The
reduced compared to movements during
movements of this species in the winter are greatly
the spring and summer. With the onset of snow-melt in the spring of 1996, sightings of
sheep and sheep sign increased rapidly in an easterly direction up to the Yoho Bridge.
The rock bluffs of the north side of the valley near the
Yoho Bridge are reportedly
used as a lambing area by the local herd (A. Pezderic, 1996, pers. comm.). On several
occasions during the summer of 1996 we observed bighorn ewes and lambs on those
bluffs. Bighorn sheep select such areas to bear their young because of the protection those
areas afford from predators such as wolves, coyotes, andcougars.
The habitat suitability of the Kicking Horse Valleyand the adjacentColumbia Valley is
severely limited for wintering bighorn sheep. Without supplemental feeding, it is doubtful
that the area could sustain even a small herd of these animals over the course of several
winters. At approximately 2 km east of the junction of the TCH and Highway 95, the
Golden Rod and Gun Club provides hay on the south side of the TCH during the winter
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months for the bighorn sheep herd. In addition, many residents of Golden also provide
hay to the bighorns. Much of the supplemental feeding is done by Golden residents for
of their businesses to tourists4.
personal enjoyment or toenhancetheattractiveness
Because the sheep also use habitats on the north side of the TCH, by feeding the sheep on
the south side ofthe TCH, asafety hazard is created because the sheep must cross the TCH
to get to thesupplemental food. Fortunately, the locations where most sheep cross the
highway during the winter correspond to areas where traffic speeds are reduced by law
(signage) or sharp curves in the alignment. Further, sheep are only active during the
daylight hours-when visibility conditions are typically best. MOTH data indicates that no
sheep were killed by vehicles from 1978to 1995; however, on 12 March, 1996, we
observed a dead sheep on the side of the road at 5.7 km east of the junction of Highway 1
and Highway 95. A. Pezderic (1997, pers. comm.) indicated that 2 bighorn sheep ewes
were road-killed near Golden during the winter of 1996-97, and thatalarge ram was
poached during the fall of 1996 (there is no hunting season on bighorn sheep near Golden).
Sheep have also been killed by trains in the study area.
Neither bighorn sheep nor their tracks were observed anywhere on the south side of
the Kicking Horse Riverwithinthe
study area. This result is consistent with the
naturalists (A.
distribution of bighorn sheep inthe study area as recognizedbylocal
Pezderic, 1996, pers. comm.).
5.7 MountainGoat

As observed during the summer aerial survey, hundreds of mountain goats inhabit the
mountains that form the western reaches ofthe Kicking Horse Valley.Duringthe
late
spring and early summer goats were commonly observed on or near rocky outcrops from
just west oftheYohoBridge
to just east of the Park Bridge. Some goats were also
observed on the rocky faces of the south side of the valley near the eastern end of Transect
T. Goats appear to use habitats at those locations to obtain trace elements from areas of
exposed rocks and mineral soils. The use of low-elevation mineral licks by mountain goats
is a common behaviour of this species (Hebert and Cowan 1971) and trace elements are
critical for proper growth andmaintenanceof all animals. Use of such areas typically
occurs in the late spring and may be in response to the nutritional demands of reproduction
(i.e., production of offspring, lactation), growth andmaintenance (e.g., recovery from
overwinter weight loss andmineral depletion, somatic growth, and growth of summer
pelage) (Robbins 1983). Most sightings of mountain goats in the study area were of small
groups ( t e . , <4 animals) with young of the year present.

Mountain goats were observed on both sides of the Kicking Horse River between the
two bridges, but we found no evidence to suggest that mountain goats crossed the river
there. Although there is a trail near the south side of the Yoho Bridge that leads down to
the river and goat tracks wereobserved there, the time ofyear at which goats occur near the
river corresponds to the spring freshet. Consequently, the raging torrent of water forms an
effective barrier to goat movements. Combined with the observations of mountain goats in
the alpine habitats of both the north and south side of the Kicking Horse River and the lack
of any anecdotal evidence thatgoats have traditionally usedany other areas in the study area
two discreet
where we did not observe them during this study,suggest thatatleast
subpopulations exist.

'For example, one restaurant provides the sheep with hayin order that dining customers can view the sheep
at close range.
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5.8 Large Carnivores

5.8.1 Grizzly Bear
Recentlandscape-level concerns andissues pertainingtothe
impacts of linear
developments have become increasingly focused on large carnivores (e.g., Gibeau and
Heuer 1996; Paquet and Callaghan 1996). These animals are considered effective
indicators of ecosystem integrity and function because they require large home ranges and
in general, are incompatible with most human activities as evidenced by the extirpation of
grizzly bears and wolves from many parts of Asia, Europe, and, most recently, North
America.
Two different grizzly bears were sighted nearTransect I during this study. The
eastem half of the studyarea was within the home ranges of 3 radio-collared grizzly bears
as reported by Raine and Ridell (1991), providing further evidence of the importance of
that area to that species. The mapped locations of the ranges of those radio-collared bears
indicated that they do cross the &king Horse River east of the Park Bridge. Mapping
presented by Komex International Ltd. (1995) indicates that the entire study area is capable
of supporting >0.035 bears per km’. That density is the highest in the Central Rockies
Ecosystem. One factor that contributes to the high suitability of the study area for gnuly
bears is thefactthat it is relatively undeveloped. However, human activities such as
logging and possibly highway construction are increasing.
5.8.2 Black Bear

Black bears are more capable of tolerating human-caused disturbances than are grizzly
bears. During the summer we maderepeated observations along Transects A-C of an
unknown number of different black bear sows with 2-3 cubs each. Habitats near those
transects support a lush growth of forbs, berry-producing shrubs, deciduous trees, and ant
c o l o n i e d l of whichare consumed byblack bears. Black bears were occasionally
sighted at several other locations inthe study area, providingevidencethat they occur
throughout the forested habitats of the Kicking Horse Valley. Black bears and their sign
were observed on both sides of the Kicking Horse River. This species undoubtedly crosses
the Kicking Horse River during the summer and fall in the eastern third of the study area
where the river gradient is lowest.

5.8.3 Gray Wolf
We observed very little wolf sign inthe study area, butthat which was recorded
occurred east of the Park Bridge. That area corresponds to the westem limit of home range
of a pack of wolves that contains radio-collared individuals that were being studied as part
of a wolf ecology study in Yoho National Park (McTavish et al. 1996). Those wolves
have been located on both sides of the Kicking Horse River west of the park and east of the
Yoho Bridge. They were also located in the Glenogle Creek watershed on several
occasions. According to McTavish et al. (1996) the main area where wolves cross the
TCH is several km east of the western boundary Yoho National Park (i.e., beyond our
study area). However, low water after the spring freshet and the period when river ice is
present during thewinter months would facilitatetheeasymovement
of this species
between the north and south sides of the Kicking Horse Valley throughout most of the
study area.
The tracks of a single wolf were observed in the sand of the TCH shoulder on 10 May
1996. That animal travelled westward along the TCH for nearly 10 km from near the park
boundary to the truck brake-check area (17-km mark on the TCH segment). Wolves in
Banff National Park have demonstrated varying responses to the TCH and its associated
I
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mitigation structures (Paquet and Callaghan 1996). Some wolves avoid habitats near the
TCH, but others use it to the point where roadkill has become the primary cause of wolf
mortality in the park(Paquet 1993 cited in Paquet and Callaghan 1996).

5.9 OtherWildlifeSpecies
The mammalian fauna of the Kicking Horse Valley is diverse. Highway development
in the study area has implications for a wide range of species with varying degrees of
management profile. The wide distribution ofpreyspecies such as deer, red squirrel,
snowshoe hare and grouse contribute to the habitat suitability of the study area for such
species as cougars, lynx and bobcat. Further, because these cat species are active all year
long and able to move through rugged terrain, they have the ability to move or disperse
freely within and beyond that area. Also in response to the availability of prey and suitable
structural features of thehabitat, mustelids such as marten andermine or long-tailed weasel
(Musrela ermina or M.frenara) are also common throughout the forested habitats of the
study area. Of the mustelid species occurring in theRocky Mountains, the wolverine is
presently receivingthe most attention regarding theeffectsof highways on population
conservation. The BC Ministry of Environment, Lands and Parks is presently conducting
a large-scale radio-telemetry study of wolverines in northem British Columbia. Wolverines
typically use subalpine habitats and they are known for undertaking long-distance
movements within home ranges that can encompass hundreds of square kilometers (Banci
and Harestad 1990). The elevations of the existing TCH in the study area are below the
subalpine habitats, but wolverines likely cross the TCH en route from one area to another
and in the course of dispersing from their natalhome ranges. The single sighting of a
wolverine near one of the narrowest parts of the Kicking Horse Valley (i.e., between the
Yoho and Park bridges is consistent with other observations in the Rocky Mountains that
wolverines prefer to cross lxge valleys at locationswhere the valley is narrowest (M.
Austin, Provincial Carnivore Specialist, MELP, 1996, pers. comm.). This does not imply
that the wolverine we observed crossed the valley, butrather that such locations as between
the Yoho Bridge and Park Bridge may have the highest suitability for wolverines moving
across the westemmost 26 km of the Kicking Horse Valley.

6. CONCLUSIONS AND RECOMMENDATIONSFOR
AVOIDANCE AND MITIGATION

IMPACT

The present range of highway expansion through the Kicking Horse Valley is very
broad. The development project may or may not occur; the location of any new route(s) is
not presently known; and the magnitude of the project(it., number of lanes, design speed,
tunnels, bridges, etc.) has not been finalized. As a result, the recommendations for impact
avoidance and mitigation presented below are general in nature and are designed to identify
potential conflicts that a highway development project in the Kicking Horse Valley might
As such, they should provideMOTH managers, planners, and
have withwildlife.
engineers withinformationthat
can be incorporatedintotheearly
stagesof highway
planning, and the later stages of project design. However, further investigations will likely
be required as the project becomes better defined and new information may be necessary
for the identification of specific routing and for impact assessmentpurposes.
As a summary, Figure 13 and Table 9 describe the general locations of movement
corridors in the primary study areas used by ungulates and large carnivores, and having
implications for the existing and proposed highway developments.
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Table 9. Summary of movement areas for ungulates and large carnivores in the primary study area. Refer to Figure 13 for area
locations.
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6 . 1 Developmentofadditional,unmitigatedhigh-speedlaneswillincrease
the highwaymortalityrates
of ungulatesandcarnivoreswithin
the study
area.Thatmortality
will present significantsafetyhazards
and islikely to
be biologicallyunsustainable.Conversely,appropriatemitigationssuch
as
fencing, or extensive
viaducts
or tunnels
would
lower
the
impacts
substantially.
The reaction time available to a driver faced with an animal on the highway decreases
as vehicular speed increases. Further, as vehicular speed increases so too does the severity
of wildlife-vehicle collisions.
From the perspective of passenger safety, collisions between vehicles and wildlife
represent an extreme safety hazard to highway travel. Although erectingwildlife-proof
fencing alongside all highways may appear to be a simple solution, not only is such an
approach economically unfeasible, butthe disruption of wildlife movement comdors
beyond that caused by the presence of vehicle traffic alone further compounds the impacts
on some species of wildlife.

Lessons learned from wildlife studies in the Bow Valley support the hypothesis that in
addition to the location and design of highways and in the absence of adequately maintained
wildlife exclusion fencing, increases in both the volume and speed of trafficlead to
increases in road-killed wildlife. The additional pressures of train-caused mortality in the
study area serve to compound matters further. The location pattern of road-killed animals
in the study area (i.e., elk in the east, many deer in the west, and moderate numbers of deer
throughout) is expected to be amplified until such a time as populations decline due to the
combined actions of road- and rail-kill and other mortality factors. The number of bears
and wolves involved in collisions would also be expected to show modest, though likely
unsustained, increases following the development of additional high-speed lanes.
6.1.1 Recommendations
Next to selecting a location for highway development that avoids important wildlife
habitats, the most effectivemeans ofmitigatingimpacts
on wildlife concern highway
design (including mitigation structures). One such mitigation is toavoid buildmg a
highway designed to handle traffic moving faster than 80 km/h.
If an above-ground highway with a postedspeed of S O km/h is considered as a viable
option for development, wildlife exclusion fencing and associated crossing structures (i.e.,
underpasses and. overpasses) should also be considered.Woods
(1990) found that
exclusion fencing reduced ungulate collisions on a section of the TCH in Banff National
Park by up to 97% and that the impacts of fencing on ek movements and habitat use
patterns were modest. Fencing a highway with a lower design-speed is less likely to be
required for passenger safety. Atmany locations there are excellent opportunities to
incorporate existing terrain features into the mitigation of
the impacts of wildlife fencing on
terrestrial wildlife. Such features include the numerous creeks and draws that feed into the
Kicking Horse River and Valley,respectively (refer to Figure 1). All bridge crossings
should be designed to facilitate the movement of wildlife beneath them. For example, the
placement of concrete footings should notcreate a vertical barrier to wildlife atsteep ravines
where ridge breaks that were traditionallyused as movement corridors are vulnerable to
being blocked by fencing. Such an approachwill substantially reduce any need to
construct underpasses should fencing be deployed.
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imporiant lbods for deer and shecp. The townsitc of Golden is situated on some of the best ungulate winter range
in tile study xea (below). The extcnsivedevelopments of thatarea reduce the suitability of thewildlifehabitat
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Rocky Mounlain bighorn sheep (above) arc commonly obscrvctl on and near the highway between Golden and the Yoho
Bridge. Mountain goats (below) are usually Found i n alpine habitats of the Rocky Inountains. but [hey do use mineral
licks in Ibrested areas near tllc Yoho BE-idgc and Park Bridge duringthe late spring and earlysummer.Photo
by G .
Carlson.
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Any plans to erect fencing should also address fencing maintenance and the monitoring
of its effectiveness at keepinganimals off the alignment and at facilitating their movements
across thealignment at designated areas. Romin and Bissonette (1996) found thatthe
majority of states in the USA used some means of reducing wildlife-vehicle collisions, but
that few agencies had evaluated the performance of those techniques. Recent research in
Banff National Park suggests that without rigorous maintenance of exclusion fencing,
significant numbers of animals gain access to the highway alignment through breaches in
the fencing (A. Clevinger, Wildlife Ecologist, 1997, pers. comm.).
Options for highway construction that involve tunnels or viaducts are highly desirable
from the perspective of highway impacts on wildlife and wildlife habitat. Both types of
highway design have favourable implications for rates of wildlife road-kill. Tunnels permit
the passage of traffic while maintaining the integrity of wildlife
habitats and movement
corridors. Viaductsthatare
sufficiently high enough off the ground are expected to
facilitate the movementsof most species of terrestrial mammals, withthe possible exception
of gnzzly bears. There is very. little published informationon what constitutes “high
enough” regarding the height of a viaduct at which the movements of large mammals are
not impeded. However, it is our opinion thatviaductheightat
designated wildlife
crossings should be a minimum of 4 m and that the integrity of such locations not be
affected by snow removal activities.

6 . 2 Additionalhighwaydevelopmentsalong
the north sideoftheKicking
Yoho Bridgewouldnegatively
affect
HorseValley between Goldenandthe
the some
of
the best
deer
and
bighorn
sheep
winter
range
for
local
populationsofthesespecies.
As withmostmunicipalities,there
are many existing and ongoing residential,
commercial, and industrial developments associated withthetown
ofGolden.Those
developments areundoubtedly affecting localwildlife populations in ways that have
implications for highway development and passenger safety in addition to conservation
concerns. The direct loss of habitat and the reductions in habitatsuitabilityby humancaused disturbances will l i e l y lead to increased conflicts between humans and wildlife in
the near future. The diminished suitability and capability of local habitats to meet the needs
of deer and sheep during the critical winter and spring months is expected to result in
decreased populations of these species over the course of the next several decades unless
nearby habitats becomemore suitable through theremovalof conifers by forest fire or
through manual enhancements.

Our data indicate that the majority of wildlife movementsin the study area west of the
Yoho Bridge are made by white-tailed deer, mule deer, and bighorn sheep along the north
side of the valley. Much of the terrain near the highway in that part of the study area is too
steep to be used extensivelyby wintering ungulates, but most areas experience some degree
of use. The location of the TCH alignment bisects habitats that are important for whitetailed deer, mule deer and bighorn sheep at various times of the year. This area is used by
also provide
deer and sheep as an east-west movement corridor, butthehabitatsthere
forage and cover values. As a result, use of that area by deer and sheep occurs duringmost
of the year with associatedlocal movements by these animals.
The steep valley walls of the north side of the Kicking Horse Valley west of the Yoho
Bridge require that if a cut-and-fill approach to highway design is used, the footprint of the
development would be necessarily very wide. Not only does such a design remove and
bury large areas of wildlife habitat, but the resulting cutbanks and fill-slopes are often too
steep to allow animal passage.
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6.2.I Recommendations
Highway development options involving differentlocations and designs other than
cut-and-fill adjacent to the existing route on thenorth side ofthevalley
should be
considered. Although such options may have impacts that were not specifically examined
by this study, it is our belief that any route expansion that avoided the south-facing slopes
of the north side of the valleywest of Dart Creek would have a lower net impact on wildlife
than route expansion adjacent to the existing alignment along that section. If cut-and-fill
approaches to construction are necessary, reductions of the highway footprint should be
sought by using retaining walls where substantial quantities of vegetated habitat would be
buried, but where wildlife movements would not be impeded.
If wildlife fencing is erected between Golden and the Yoho Bridge, structures such as
underpasses and overpasses for wildlifemust also be installed there to facilitate the
ungulate movements within seasonal ranges and to prevent animals from being “funnelled
up” into a narrow part of the Valley between the TCH and the Kicking Horse River during
spring migrations.

6.3 The existing
highway
alignment
bisects
elk
winter
range
over the
easternmost 7 km of the TCH in the study area.
As the Kicking Horse Valley widens in the eastem third of the study area, the distance
between the TCH and the Kicking Horse River also increases. The result is that the TCH
runs directly through the largest elk wintering range in the study area. The number of elk
movements across the TCH is highest in that area. The development of additional highway
lanes there will result in a direct loss of wintering habitat and modest increases in roadkills
due to increased traffic flow. The number of elk that wintered in the study area during this
study was relatively low, but could conceivably increase if the factor(s) that are currently
limiting it (possible limiting factors includehabitat quality, predation, severe weather,
roadkills) were ameliorated. Because winter is generallythe harshest season regarding
ungulate (particularlyjuvenile) survival, global warming or a series of mild winters (e.g.,
as caused by El Nino) has the potential to significantly lower weather-induced mortality.
6.3. I Recommendations
If thecapacityofthe TCH is increased along thissection (e.g., from two to four
lanes), the best option for elk and most other species would be to deactivate the existing
alignmentandlocatethe entire route on the south side of the valley. Consideration of
mitigation structures such as fencing, overpasses, underpasses, and gates warrant
consideration only if the existing route is expanded.

6 . 4 Development of anadditionalhighwayalignmentonthesouthside
of
theKickingHorseValleyeastof
the Park Bridgewillfurtherfragmentthe
habitat of theKickingHorseValley,therebyloweringitssuitability
to
grizzlybearsandwolves.
Road density has been implicated as a causative agent in the reduction or elimination of
grizzly bears (McLellan and Shackleton 1988) and wolves (Mech et al. 1988). The
mechanisms of the reductions include disturbance and displacement, habitat alteration, and
increased mortality due to roadkill and firearms. Development of a two-lane highway on
the south side of the Kicking Horse Valley east of the Park Bridge will result in a highly
undesirable configuration of linear developments from the perspective of large carnivores.
Under that scenario, there would be a two-lane highway on both sides of the valley and a
railroad through the middle.
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Given that the home range sizes of grivly bears and wolves exceed the
area
encompassed by the lower elevations of the Kicking Horse Valley west of Yoho National
Park, the Kicking Horse Valley represents a small, but important part of the habitats used
by these large carnivores. The eastern Kicking Horse Valley facilitates the movement of
bears and wolves between the mountains andvalleys of the western mountain ranges of the
Rocky Mountains (e.g., McTavish et al. 1996; Raine and Ridell 1991).

For the easternmost 9 krn of the study area, a highway alignment on the south side of
the valley would have fewer impacts on wildlife than the one on the north side because of
the higher suitability of the habitats on the north side for many species. A highway on both
sides of the valley would have greater total impacts on large carnivores than an expanded
highway on the north side alone.
Of all the wildlife species in the study area, grizzly bears are the most sensitive to
highway developments and the least likelyto use mitigation structures such as underpasses
(Gibeau and Heuer 1996). Two large overpasses on the TCH in Banff National Park are
presently being installed, and researchers are hopeful that gnzzly bears will use readily
accept and use them to move across the Bow RiverValley.

6.4.I Recommendations
For the easternmost 9 krn of the study area, a highway alignment on the south side of
the valley would have fewer impacts on ungulates and large carnivores than the one on the
north side because of the higher suitability of the habitats of north side for such species. If
the existing highway is expanded from two to four lanes at that location, highway planning
should seek to minimize
habitat
fragmentation
by
locating any new development
immediately beside the existing alignment. Further, the footprint ofthecombined
alignments should be as narrow as possible and the right-of-way should not be cleared any
more than necessary for highway construction and maintenance operations.

6.5 Furtherhighwaydevelopment
near the YohoBridge,
Park Bridge, or
on thenorthside of thevalley between thosebridges may disruptmountain
goatsthatuseminerallicksthere.
Use ofmineral licks near the TCH by mountain goats may be avitalpartofthe
ecology of local populations of this species. The loss of those lick sites to highway
development or the disruption of the useof such areas due to highway operations may have
negative implications for thehealthoflocal
populations. It is unlikelythat highway
development would occur above the lick sites therebyblocking access to them, but the loss
of those sites caused by cutting an alignment into themountainside could occur.
6.5.I Recommendations
Additional highway lanes should be located below the lick sites. If any highway
development was located above the lick sites, underpasses would be required to facilitate
the continued use of such areas by goats. Underpasses for mountain goats using mineral
licks near a highway have been successfully implemented in Glacier National Park (Singer
and Doherty 1985). In Glacier National Park two underpasses were are used frequently by
goats moving to and from mineral licks. Without further research it is not possible to
loss of 1 or more licks to highway
predictthe extent of the implicationsthatthe
development would have on localgoat populations. Steep rock-cuts should beavoided
near mineral licks in order to maintain the integrity ofthose sites.
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6.6 Highwaydevelopment hasimplications for manyspecies of mammals
in the study area.
Improving highway access through the Kicking Horse Valleyby
constructing
additional highway laneswillhavenegative effects on many species including cougar,
lynx, bobcat, marten, and wolverine. Some species suchas coyotes and weasels may
benefit from increasedrodent populations inhabitatswithinthe
right-of-way. The
magnitude and significance, if any, of these effects is unknown. Present roadkill data for
the study area do notindicatethat any of these species areparticularly susceptible to
collisions with vehicles. However, fenced and unfenced primary highways are barriers to
movements of wild cats (Gibeau and Heuer 1996).
Additional highway developmentin the Kicking Horse Valley is not expected to lead to
the type ofindirect effects on wildlife thatbuilding a road through a remote, pristine valley
can have. For example, additional highwiiy lanes in the Kicking Horse Valley would not
lead to any indirect effects on wildlife due to an increase in resource extraction prompted by
highway development. Many parts of the study area have already been logged and it is
apparent that timber harvesting there has not been limited by access developments in the
past.

6.6. I Recommendations
The effects ofhabitatfragmentation should be minimizedby combining any new
development with the existing one, and by keeping the footprint and right-of-way of the
entire highway as narrow as possible.

6.7 Highwaydevelopmentdoesnothavesignificantimplications
for moose
in the study area.
As the largest wildterrestrialmammalin
British Columbia, with weights thatcan
exceed 500 kg, the moose presents substantial concerns for passenger safety on the
province’s highways. The very low densities at which moose presently occur in the study
area could change modestly over time, but thecapability of habitats to support this specie?
within the study area at any time of the year appears very low. As a result, this species
does not appear to warrant anyconcern about the effects of highway development on it, nor
is it likelyto present unacceptable hazards to passenger safety. Impact avoidance and
mitigations taken for other large mammals such as elk and grizzly bear should adequately
address any safety or conservation issues pertaining to this species in the study area.

7. ADDITIONALSTUDYREQUIREMENTS
Data were collected over a period of slightly more than one full year. The resulting
databases have successfully elucidated much information on the ecology of larger species
of terrestrial vertebrates as pertaining to highway developments in the study area.
However, some issues require further attention.
The processes of final route selection and of efficiently conducting awildlife
monitoring program are not mutually exclusive. The process of selecting a highway route
selection must entail wildlife considerations by avoiding, mitigating, or compensating for
impacts on wildlife populations. The most effective means of determining relevant wildlife
considerations is through ecological studies that allocate effort to areas where impacts are
likely tooccur.Thus,
highway planners require information on wildlife to design and
As evidenced primarily through the dearth of suitable riparian wetlands.
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locate a highway at the same time as wildlife researchers require information on highway
placement to design ecological studies. Under the modest constraints of this situation, and
given the early stages of planning that the proposed development is currently in, further
ecological research is conditionally described below.

7 . 1 If additionalhighwaylanesaretobeconstructed,expand
wildlife
monitoring
(winter
track counts,
string
checks,
and
aerial
surveys
as
conducted byLGL Limited) to areas that have reasonable potential for route
placement and that have not yet been monitored
The present wildlife study focused primarily on the alignment options identified by the
original route report (SNC-Fenco-Lavalin Inc. 1992). During the past year it has become
clear that MoTH is considering other options both within and outside the Kicking Horse
Valley in additionto those in the initial route report.
It is recommended that, if route expansion is planned, all previously unmonitored
areas. between Donald and Yoho' National Park that have arealisticpotential for route
development, and that those areas be subjected to a monitoring program similar to that
conducted by LGL Limited in the Kicking Horse Valley. The substantially greater
distances associated with anexpanded area are not conducive to a monitoring program with
the same intensity as that done in the KickingHorse Valley. To accommodate this factor, a
cost-effective study comprised of winter aerial surveys, winter snow tracking, and locating
and monitoring areas with high levels of wildlife activity (as demonstrated by such factors
as wildlife trails, wildlife habitat, and highwayhilroad accident statistics) outside the
winter months should be designed and implemented to assist MoTH planners and managers
during the route-planning process.

It may not be practical to expand the study beyond the Kicking Horse Valley. If so, at
a minimum, possible corridor locationswithin or immediatelyadjacent to the Kicking
Horse Valley that were notexamined during the present wildlife study (such as that through
the Hospital Creek and Dart Creek drainages) should be monitored (aerial surveys, winter
track counts, non-winter string monitoring) at an intensity similar to that of the present
study.

7.2 If and where major
highway
upgrading
is considered,
continue
monitoring portions of thestudyareathat
have already been investigated in
order to capture natural variationamongyearsandtorefineapproaches
to
mitigation
Continued monitoring should focus on refining the locations and importance of areas
used by wildlife as they pertain to areas where route expansion is considered. Such data
will form an integral part of a cost-benefit analysis regarding the locations and features of
sttuctures designed to mitigate the impacts of the highway on wildlife.
Datacollected during thepresent study have provided insights into the major
movement patterns of large, terrestrial species of wildlife in the study area. Because of the
high economic costs of mitigating the impacts of highways and vehicles on wildlife and the
problems associated with failing to identify wildlife-related issues, decisions regarding the
use of and placement of mitigation structures must be defensible. The seasonal movements
of most species of ungulates are predictable, but yearly variation in both the timing and
locations of movement patterns does exist. The present study was conducted during two of
the most severe winters (regarding temperature and snow depth) during the past 20 years.
As a result, we expectthatthe observed animal movements and distributions strongly
reflectedenvironmental conditions. Duringrelativelymild
winters, wildlife movement
patterns and distributions may change. Forest fire is another event that could significantly
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alter wildlife movements and habitat use. Fuel (woody biomass) loadings of forested sites
inthe Rocky Mountain Trench withcapability as ungulate winter ranges continue to
increase under provincial forest-fire policies thatmandatean aggressive program of fire
prevention and suppression. As fuel loadings increase, so does the potential for large fires
(i.e., > l o 0 ha). Although such events are difficult or impossible to plan for, the suitability
of an area following alarge-scale fire can be expected to modify the movements and habitat
use of ungulates.
Unlike catastrophic events such as forest fires, the effects of weather on animal
movements and habitat use are relatively easy to monitor and plan for. Following this, we
recommend that a program of wildlife monitoring (aerial surveys, snow tracking, string
checks) be continued in some of the same areas observed during the present study. This
program wouldmonitora sample of areas rather thantheentire transects as presently
established. Information from the sample would then be extrapolated to the entire study
area. The chosen sample should include areas determined to experience wildlife
movements and use ranging fromrelatively high through relativelylow (asobserved during
the present study) in order to capture variation between years. Efforts should be allocated
to areas that remain underconsideration for route development.
Roadside track counts conducted along the TCH during winter were very effective at
identifying areas where ungulates cross the highway, thereby increasing the probability of
animal-vehicle collisions. In addition, data collected during these surveys can reflect any
trends in use of the study area during winter by ungulates. These surveys should continue
during the winter months of November through February. A sampling interval of every 23 weeks 3-4 days after a snowfall is sufficient.
Mountain goats (including nannies and kids) occur adjacent to the TCH near the Park
Bridge and Yoho Bridgeduring spring and early summer; presumably to lick salts, but little
is known abouttheimportanceof those habitats tothem. Mountain goats also use the
rocky bluffs on the north side of the Kicking Horse Valley between the two bridges (the
TCH is on the south side there and is mostly 3-4 laneswide at present; making any
development on the north side between the bridges unlikely). Because the Kicking Horse
Valley is steep and narrow where mountain goats occur near the TCH, and on the north
side between the bridges,highway developments in those areas have the potential to impact
them. Behavioural data collected on mountain goats using habitats adjacent to the TCH
from midMay through mid July could provide information on the importance of those
habitats. Focalanimal sampling and/orintervalsampling during daylight hours would
provide important information on: numbers of goats, sedage of goats, behaviours of goats
in that area, and accurate locations of sites used as mineral licks.

7 . 3 Fulfill
obligations
that may be required
under
the
Environmental
Assessment Act if development plans are sufficient to trigger the
Act
The developmentof highway access through theKicking Horse Valley is ata
preliminary stage. Depending on the scope of highway developments, it is possible that the
Environmental Assessment Act could be triggered. Following this, the scope of wildlife
impact assessment would undoubtedly increase. The recommendations given below are
notintended to anticipateallwildlife-related issues thata development project of this
magnitude may raise, but they do address the most obvious ones.
The present study has focused on large species of terrestrial vertebrates. However,
during our transect surveys we collected as muchinformation onas many species of
terrestrial wildlife as was practical. As a result, our databases contain many systematic and
anecdotal observations on such species as red squirrel, snowshoe hare, marten, wolverine,
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and coyote. With the exception of grouse, birds were not recorded by the observers. We
expect that an assessment of populations ofbreeding birds and small mammalsinthe
Kicking Horse Valleymay be requesteurequired. Biologists with MELP should be
contacted in order to determine if indeed breeding bird surveys or small mammal surveys
are likely to be required. Resource Inventory Committee standards for conducting these
surveys should be followed where possible and practical. It is important that all habitat
types with the potential to be affected by highway development are sampled during bird and
small mammal surveys.
If required, breeding bird surveys should be conducted during the period ofMay
through July using the variable-radius circular-plot method. That method is an effective
way to document the species and densities of breeding birds inan area.
If required, small mammal surveys (e.g., snap trapping and pitfall trapping) should be
conducted in orderto document therelativeabundance
of species that occur and to
determine the habitats that are important to small mammals in the
study area.

7.4 Provide
financial
assistance
that will
allow
biologists
to
continue
studyingwolvesin theKickingHorseValleyandYohoNationalPark
A. Clevinger, C. McTavish (biologists working with Parks Canada) and several others
have been studying wolves in the Kicking Horse Valley for the past couple years. Their
studies of radio-collared wolves has yielded valuable information on the ecology of wolves
inthe Kicking Horse Valley. Muchofthatinformation
is highly applicable to issues
pertaining to the impacts of highway operations and developments on wolves there.
Funding for their project has forced its termination despite the fact that the
radios on the
collared animals ( n d ) have several years of battery life remaining.
It is recommended that MOTH provide financial assistance to that project. Costs of
continuing thatproject are directlylinkedto the frequency with which the animals are
relocated, and to the degree to whichsiteinvestigations are conducted. Thus, abovea
minimum level of data acquisition (i.e., the lowest level of monitoring that would still yield
useful data) the funding requirements are very flexible.
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9. APPENDICES
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4ppendix I. Summary of weather data (snowpack and maximum daily temperature) during the winter months of 1995-96and 1996-97(up to
February 1997) as collected by MOTH at the Ten-Mile Weather Station (UTM coordinates: 516600 E,568oooO N, 1 1 0 0 m ASL).
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Appendix II. Descriptions of wildlife transect locations as used in this study.

UTM coordinates were taken using ahand-held GPS. Datawere not differentially
corrected. As a result, UTM values should be considered accurate to within 150 m.

Transect A
Transect A started at the westem boundary of Yoho National Park approximately 100
m from the north side of the TCH (UTM Coordinates: 5243 10 E, 56765 14 N). That point
corresponded to 25.9 km on the TCH from the beginningof highway segment 0985
(Golden toYoho Park) . From thatpoint , thetransect heads northerly around the
residential developments there, then headed back toward the TCH where it paralleled the
TCH at a distance of approximately 100 m to the end of the transect (UTM Coordinates:
522194 E,5677775 N). The end of this transect corresponded to the start of Transect B.
That point corresponded to approximately 23.4 km on the TCH from the beginning of
highway segment 0985 (Golden to Yoho Park). Transect A was monitored throughout the
entire study period. Some logging activity within the first700 m of this transect during the
winter months caused some reductions in track and stringdata from that area.
Transect B
Transect B started at the end of Transect A (see above). This transect paralleled the
TCH within 100 m of the TCH in a northwesterly direction to the endpoint of this transect
(UTM Coordinates: 5191513 E, 5678927 N). That point corresponded to approximately
20.3 km on the TCH from the beginning ofhighway segment 0985 (Golden to Yoho
Park). The end of Transect B corresponded to the beginning of Transect C. Transect B
was monitored throughout the entire study period.

0

Transect C
Transect C started at the end of Transect B (see above). This transect paralleled the
TCH within 100 m of the TCH in a northwesterly direction to the endpoint of this transect
(UTM Coordinates: 517168 E, 5680087 N). Thatpoint corresponded to approximately
17.3 !an on the TCH from the beginning of highwaysegment 0985 (Golden to Yoho
Park). The end of Transect B corresponded to the beginning of Transect D. Transect C
was monitored throughout the entire study period. Some brushing of vegetation on the
northern edged of the TCH right-of-way was done for powerline construction during the
summer and fall of 1996. As a result, a modest reduction in string data occurred in a few
small areas.

I

I

I

I

Transect D
Transect D started at the end of Transect C (see above). This transect paralleled the
TCH within 100 m of the TCH ina northwesterly direction, then ran behind the truck brake
stop area and continued to the northwest to the ending point(UTM Coordinates: 5 161 15 E,
5680425 N). Thatpoint corresponded to approximately 16.5 km onthe TCH from the
beginning of highway segment 0985 (Golden to Yoho Park). Transect D was monitored
throughout the entire study period.
Transect E
Transect E started less than 100 m from thenorth side ofthe TCH near theroad
closure gates at a location that was perpendicular to the TCH at approximately the 2.5 km
mark of the highway segment (UTM Coordinates: 504270 E, 5683359 N). This transect
ran in an easterly direction through the forest parallel toan within 100 m of the TCH. The
endpoint of this transect corresponded to a location that was perpendicular to the TCH at
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Transect F
Transect F started adjacent to the north side of the TCH at the large gravel pit (UTM
Coordinates: 502650E, 5683000 N). Thatpoint corresponded to approximately 0.7 km
from the beginning of the Golden to Yoho Park highway segment). The transect ran in a
northwestern direction along the southern perimeter of the gravel pit, then northward
through the forest, paralleling the TCH and within 100 m of its northern edge. The end
point was perpendicular to the TCH at the 0.0 km mark of the highway segment (UTM
Coordinates: 502500E3,5683750 N). That transect was monitored for the duration of the
study. Some construction activitiesassociatedwiththe gravel pitinthe summer period
resulted in modest disruptions to string data collection there.
Transect G
Transect G started within 100 m of the north side of the TCH (UTM Coordinates for
this transect were unavailable); the starting point corresponded to the 7.9 km mark of the
TCH segment between Golden and Yoho Park. Transect G ran in a southeasterly direction
through the forest, and was parallel to the TCH and within 100 m of its north side. The
end point of thetransect corresponded approximately to a location that was perpendicular to
the 8.5 km mark of the TCH segment. Transect G was monitored throughout the study
period. Some minor avalanche activity during the spring of 1996 disrupted data collection
at some sections along this transect.
Transect H
Transect H started at the same point that Transect G started at (see above). Transect H
ran in a northwesterly direction through the forest, and was within 100 m of the north side,
and parallel to the TCH. The endpoint of this transect corresponded approximately to a
location that was perpendicular to the 7.6 km mark of the TCH segment. Transect H was
monitored throughout the study period.
Transect I
Transect I started at apoint on the south side of the Kicking Horse River that
corresponded approximately to the location of a route option as identified by SNC-Fenco
(UTM Coordinates 520937 E, 5677391 N). That transect thenranina
north westerly
direction beside an inactive logging road through forested and clear-cut habitats to the end
E,
5679108 N). The location
of
this transect
point (UTM Coordinates: 516729
corresponded approximately to the location of a route option as identified by SNC-Fenco.
This transect was monitored throughout the study period.
Transect J
Transect J was located on the south side of the Kicking Horse Valley. This transect
started near Ceeg Road at a point that corresponded to a location along one of the route
options presented by SNC-Fenco (UTM Coordinates 504820 E 5682346N). The transect
followed an arc that swung to a northerly directionthrough the forest, along a route option
presented by SNC-Fenco. The end point of that transect corresponded to the edge of the
Transect J was
Kicking Horse Canyon (UTM Coordinates: 504101 E, 5682917N).
monitored throughout the study period.
Transect K
Transect K started at the same point as Transect J (see above). This transect ran in an
easterly direction, through the forest; approximating one of the route options identified by
SNC-Fenco. The end point ofthistransect corresponded to the edge of a steep gully
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(UTM Coordinates: 505408 E, 5682435 N). Transect K was monitored throughout the
study period.

Transect L
Transect L was located across the lower reaches of the Dart Creek drainage, within
100 m of the north side of the TCH. The starting point of this transect corresponded to a
location that was perpendicular to the TCH atthe 6.3 km mark (UTM Coordinates: 507608
E, 5683798 N). This transect ran in a southeasterly direction through the forest and along
part of a dirt road, parallel to and within 100 m of the north side of the TCH. The end
point of this transect corresponded to a location that was approximately perpendicular to the
TCH at the 5.7 km mark of the highway segment. Transect L was monitored throughout
the study period.
Transect M
Transect M was located on the south side of the TCH between the Yoho and Park
bridges. The starting point of this transect was within 100 m of the TCH and corresponded
to a location that was perpendicular to the TCH at the 12.7 km mark along the highway
segment (UTM Coordinates: 512900 E, 5680950 N). The transect ran in a northwesterly
direction through the forest and was parallel to and within 100 m of the south side of the
TCH. The end point of this transect corresponded to a location that was approximately
perpendicular to the TCH atthe 11.7 km mark along the highway segment (UTM
Coordinates: 512250 5681500N). Transect M was monitored throughout the study period.
Some minor avalanche activity during the spring of 1996 disrupted data collection at some
sections along this transect.
Transect N
Transect N began at the same point as transect M (see above). This transect ran in a
southeasterly direction through the forest and was parallel to and within 100 m of the south
side of the TCH. The end point of this transect corresponded approximately to a location
that was perpendicular to the TCH at the 13.6 km mark of the highway segment (UTM
Coordinates: 513300 E, 5680700 N). Transect N was monitored throughout the study
period.
Transect 0
The letter 0 was not used to designate a transect.
Transect P
Transect P was located on the south side oftheKicking Horse River. Transect P
started at a point.on the south side of the Kicking Horse River that corresponded the start of
Transect I (see above). Transect P ran in a northeasterly direction through the forest to the
edge of the first large terrace of the Kicking Horse fiver (UTM Coordinates: 521271 E,
5677479 N). The location of this transect corresponded approximately to the location of a
route option as identified by SNC-Fenco. This transect was monitored from the late spring
of 1996 through the end of the studyperiod.
Transect Q
Transect Q was located on the south side of the Kicking Horse River. That transect
began at a point that corresponded approximately to 3M) m southeast of the western end of
the Park Bridge (14.2 km mark along the highway segment; UTM Coordinates: 514377 E,
5680624 N). The transect ran in asoutheasterly direction through the forest to its endpoint
on the western edge of the first large draw (UTM Coordinates: 515453 E, 5679709 N).
This transect could only be monitored from the late spring through the fall of 1996 due to
extreme safety hazards when there was snow on the ground.
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Transect R
Transect R beganatthe
end of TransectM (see above). Transect R ranina
northwesterly direction through the forest, and was parallel to and within 100 m of the
TCH. The endpoint of this transect was indicated by the UTM Coordinates: 51 1213 E,
5682128 N. This transect could only be monitored from the late spring through the fall of
1996 due to extreme safety hazards when therewas snow on the ground.

I

I
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Transect S
Transect S was located on the south side of the Kicking Horse River. This transect
began near the western end of the Yoho Bridge (9.5 km along the highway segment). The
transect ran in a northwesterly direction through young
a
forest along an inactive road to the
first large draw. The endpoint of thetransect was indicatedbythe UTM Coordinates:
5 10032 E, 5682471 N. This transect could only be monitored from the late spring through
the fall of 1996 due to extreme safety hazards when there was snow on the ground.

I

m
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Transect T
Transect T was located on the south side of the Kicking Horse Valley. This transect at
the end point of Transect K (see above). It then ran in a northeasterly direction through the
forest along the mountain slope. Part of this transect was in the vicinity of the MOTH drill
sites for geological testing. The transect ended at a large rocky outcrop (UTM Coordinates:
506532 E, 5682690 N). This transect could only be monitored from the summer through
the fall of 1996 due to extreme safety hazards when there was snow on the ground.
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Appendix III. Mean numbers of ungulate tracks in the snow per track-day per 50m section along each of the transects during the study. The solid line denotes 1
standard deviationaboveeachdata
point. Notethattheabsolute
values are
indicated, but thatthedistance between intervals on the y-axis is scaled to the
square root of the units. This scaling was necessary to depict data from all transects
using the same graph scale and format despite very large differences in the number
of tracks observed along each transect. The x-axis represents the distance along the
transect. Because some transects were surveyed from east to west, the scales of the
x-axis for those transects was reversed in order to depict all transects as viewed
from west to east.
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Error bars denote *1 standard deviation. Pie charts indicatethe proportions of strings
broken by each species for the summer (i.e., S; non-snow) and winter (i.e., W , snow)
seasons where a species was identified from tracks or hair. In cases where it was apparent
that the string was potentially broken by more than1 species, both species were tallied.
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Appendix VI. Summary of the direction of string breaks along each transect during the non-winter (Le., no snow) and winter (i.e., snow) periods
for each species. Break directions were generalized into “north” and “south”. For transects on the north side of the Kicking Horse Valley (and
north of the TCH) “north” indicates movement away from the TCH, while “south” indicates movement toward the TCH.
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Deer
Transect Season Dir
sp.
A
No snow North 84
South 111
Snow63 North 20
29
South
B
No snow North 89
South 8104
Snow
North
2
5South
C
No snow North 10
South 27
Snow
North
South
2
D
No snow North
8
South 13
Snow
North
South
E
No snow North 134
152
South
9 Snow
North 419
South
407
F
No snow North 16
South 20
Snow
North 160
South 128

LGL Limited

tailed
Deer

Mule
,

Deer
1

Elk Moose
30
27
2
30
13 2

4
54
58
3
9
21

Cervid Bighorn Mountain
Ungulate
Black
sp.
Sheep
Goat
sp.
Bear
I
5
2
8
2
2
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2
2
404
2
2.
6
9
1
6
2

1

4
5

1

3

2
6
2

2

~~

1

I

1

1
1
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2
3
2
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3
1
2
5
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~
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1

1
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Bear
sp. Unknown
3
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1
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9
78
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Bear
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Deer
sp.
14
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Snow
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South 32
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Snow
North
5
South
1
J&K
NosnowNorth
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Snow
North
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3 South
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No snow North 1 1
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North 22
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P
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1
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X
Q
6
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Transect
Season
Dir
R
No snow North
South
Snow North
S
No snow North
South
T
No snow
North

LGL Limited

WhiteDeer Cervid
Bighorn
Mule
Mountain
tailed
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sp.
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Grizzly
Elk Mwse
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Goat

sp.
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Bear

Bear
sp. Unknown
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1
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