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Abstract

Gauging the success of industrial reclamation requires targe ing ecosystem structure
and function. An indication of reclamation success is if wil ecolonise, fok@ge, rest, reproduce and
survive on reclaimed areas. The grizzly bear is a threatened spe 2 low densities in Alberta,
Canada and facilitates a variety of ecosystem processes. To make s “for mitigating the effects of

open pit mining on this species, we collected and analysed biological data for grizzly bears on and around
Cheviot, Luscar and Gregg River coal mines in west-central Alberta. During 2008-2010, we captured and
attached GPS radio collars on 12 adult bears on and d mines which allowed us to intensively track
their movements.

We visited bear-used GPS locations in thegfield to a ity and microhabitat characteristics.
Bears selected reclaimed mines and areas n&es extensively igtlate spring and early summer to forage
on forbs sown as part of mine reclamation and t0" depredate ungulate calves and lambs. In the fall, bears
on berries in preparation for winter denning. Bears often
importance of maintaining original vegetation patches in
crossed the major active mine haul road and moved on

moved primarily in areas outside mines to fora
bedded in dense tree cover which underlines
planning mine operations. The animals som,
and near trails designated for human access o

High mortality risk associated with expausi access into previously remote areas is a major
threat to long-term persistence of the g p £ population. Defensive driving and potentially enforcement
of speed restrictions on mine haul rg ith high frequency of bear crossings, provisioning for
ecological movement corridors and anagement practices will help prevent human-bear
conflict during the active mining pha
trails will reduce the risk of conflicts. access restrictions, along with preserving undisturbed
habitat patches and restoring iginal vegetation cover will enable coexistence of people and bears on a
shared landscape.

1 Introduction

trial activity that modifies habitat by reshaping landscapes and
removing the ori ing closure of active mining operations the land is reclaimed with
the reclamation o e progressive re-establishment of self-sustaining landscapes that
incorporate wildlife habit i decolonisation of reclaimed areas is on its own not an appropriate
tion. Animals may perceive reclaimed areas to be unsuitable and simply
aging in the full suite of natural behaviours. A more desirable measure of
nimals exhibit the full range of natural behaviours on reclaimed areas.

move through wit
reclamation success is

Current kn ffects of active mining operations and reclamation on large mammals comes
ngulates. Ungulate species may respond differently to surface mining activity
carnivores. Caribou (Rangifer tarandus) can displace spatially up to 4 km away
nine leases (Weir et al., 2007). Bighorn sheep (Ovis canadensis) appear to be less influenced by
et al.,, 2009) and readily recolonised and increased in abundance on Luscar and
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Gregg River reclaimed coal mines in west-central Alberta, from 35 pre-mining to
1,000 individuals (Bighorn Wildlife Technologies, 2010). Elk (Cervus elaphus) numbers e

upward trend on the same reclaimed mines and currently number around 400 individuals (Bi
Technologies, 2010). The expansion was likely due to increased availability of fo
sowing forbs, grasses and sedges as part of reclamation.

The effects of open pit mining on carnivores are largely unknown. Top carniva

deposition of scat, grizzly bears facilitate the dispersal and germination of pl3

and Gende, 2004). When foraging by digging for plant roots, grizzly bed listributions and

mineral nitrogen availability (Tardiff and Stanford, 1998). Research in A ., 1995) and
Yellowstone National Park (Mattson, 1997) has showed that bears portant effects on
ungulate populations through predation.

Of all North American large carnivores, grizzly bears have lo ili -born threats because of
requirement for large patches of undisturbed habitat, low reprodueti ntial to get into conflict
with humans (Weaver et al., 1996). Consequently, the grizz ienced dramatic decline

throughout its range in North America (Servheen et al., 1999). tation and persecution by
humans are the major causes of the documented decline, which is well 1illustrated by the current status
designation of the grizzly bear in Alberta, Canada (Threatened status conferred in 2010). The present range
of grizzly bears in Alberta has been pushed westward b man encroachment and the majority of known
grizzly bear mortalities are human-caused and occur in 500_m of a road or access trail (Benn and
Herrero, 2002).

The province-wide grizzly bear populatior\ajte, b i
collected at baited sites (Grizzly Bear Inventory m 2007), s
outside National Parks, with the overall Alb
1,000 individuals. A Grizzly Bear Recovery P
Bear Recovery Team, 2008). The plan st
mortalities associated with expansion of i
supported by a recent review of grizzly bear statu
underlines the need for studies that fill knewle
bear habitat, ecology and behaviour.

on DNA sampling from bear hair
that less than 800 grizzly bears occur

or the province was put forward in 2008 (Alberta Grizzly
that bear numbers are low because of human-caused
recreation and agricultural practices. This has been
rovince (Government of Alberta, 2010). The plan
the effects of industrial developments on grizzly

ojected to expand in Alberta, an assessment is rapidly
. The purpose of this study was to assess grizzly bear

With resource extraction industries s
needed for the effects of mining on
response to open pit mining and recla
behaviour, on and around coal mi
(MSLs) located near the Ha
Mountains and Foo
reclamation and active

As"a"Case study, investigations focused on mineral surface leases
omin, at the interface between the Eastern Slopes of the Rocky
h findings we also wanted to formulate suggestions for mine
erations that minimised any negative effects of mining on grizzly bears.

2 Metho

The field componen’

study was carried out during 2008-2010 in west-central Alberta, at the interface
between the Eastern*Slo cky Mountains and Foothills. A 10,000 km?” study area was delineated
south of the tow, Hinton, e area being bordered to the north by Highway 16. The predominant
natural land cove egion is coniferous forest dominated by white spruce (Picea glauca) and lodgepole
pine (Pinus contorta) iduous forest composed of balsam polar (Populus balsamifera) and trembling
aspen (Pop ] so present at lower elevations and on sunny south and east facing slopes.
greater in the western section of the study area which is mountainous with the
erised by rolling hills.

eastern section b

ities in the study area include: open pit coal mining, forest harvesting, oil and gas development
ies (All Terrain Vehicles, hunting, hiking and camping) with the mountainous areas
1g less human activity. The area encompasses three open pit coal mine MSLs located near the
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Figure 1 The study area in west-central , Canada inc d open pit mine leases, protected
areas and public lands. Cumulative grizzly bear home ranges for three seasons were
generated by merging 95% fixed k@pnels of individual radio collared bears across the

use protocols approved by the Univer, ewan and University of Alberta. We used baited culvert
traps, leg-hold snares and remote da pter to capture bears and chemically immobilise them
with a combination of Xylazine-Tela® ersed by Atipamezole. Each radio collar had a unique

radio beacon frequency allowing us to trae dual bears in the field. We programmed the radio collars to
acquire a GPS location every during March 15 to December 1 when the bears were mostly
outside their winter s the GPS radio collar accuracy was £10 m.

Every month during t enning peritod we located bears from the ground, fixed-wing aircraft or
helicopter based on the co F radio beacon. To acquire GPS locations from collared bears, we

top computer and plotted the locations in a GIS system to visualise
where the animal h duringgthe past month. We selected a sample of locations for each bear during

units so that we isi ites in the field. During May—November, field crews hiked to visit the
selected GPS loca ere they recorded general habitat characteristics and bear activity. For safety and
logistical reasons, visits d 2—4 weeks after the bear had left the general area.

omponent in our data analysis to account for seasonal variation in grizzly bear
area. Following Nielsen et al. (2004a), we divided our data into three seasons:
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2.1  Home range overlap with mine leases

Using 95% of the GPS locations acquired remotely from radio collared bears (to account for 59
GPS erroneous locations), we calculated fixed kernel bear home ranges for each of the
each bear in each season, we extracted home range areas that overlapped MSLs and ca,
of home range overlap with leases by dividing the home range area on a lease by the to
the respective bear in a given season. Similarly, we calculated proportion of the
outside leases and compared proportion of the home range that overlapped mines wi
occurred outside mines.

2.2 Bear activity on versus outside mines

standardised to percentage. During the first month of 2008 fiel
random from the GPS radio collar data. Subsequently, because
other than simple travel through an area, we focused visits on
least three hours within a 30 m radius. Overall we recorded
having more than one type of activity. Bear sign of activity tha
an ungulate carcass, ants or rodents, digging for plant roots, g ant parts, or feeding on
berries), resting (bedding) or possible territorial marking (claw ma s). For a small set of sites
visited in the field (<4%) we were not able to identify bear activity despite intensive search efforts of the
area.

were primarily ted in bear activity
location clusters where bears had spent at
ctivity with some sites
er foraging (feeding on

2.3  Bedding and ungulate Kkill site selection

in the field indicating that bears spend a 1 ime engaged in e activities, we assessed the type of

Because bedding and feeding on ungulate caﬁsses for of findings at GPS locations clusters visited
habitat these activities occurred in.

active MSL (13 sites), we performed the analyses for
three categories: forest (land cover undisturbed by mining
etated areas previously disturbed by surface mining and
land (unvegetated patches such as rocky formations

Because of small sample sizes for the Chevj
reclaimed mines only and classified habitat in
i.e. original tree patches on MSLs), grassla
subsequently reclaimed to grasses and forbs) an
and steep walls from old mine pits). We

respectively with differences in numt
between Luscar and Gregg River MSE d on categorical habitat classes for this analysis because

these activities occur in undisturbed versus disturbed

24

The 23.84 km long Che llows for the most part the McLeod River Valley and receives traffic
24 h/day. The me aul truck traffic is one every 10 minutes, whereas light and support
vehicles are intermi investigate the possible impacts of active mine haul roads on grizzly
bear movements an divided the Cheviot Mine haul road into 500 m segments to calculate

adio collared bears according to season. We connected 1 hr consecutive
s with straight lines and considered these as movement “steps” that the bears took
rsected all steps that crossed the haul road with the 500 m road segments and
rossings. We recognise that this technique will represent a minimum number
an underestimation of all crossings.

the frequency of
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Monitoring afte

500 m buffers around each side of the trails. We considered motorised trails (ATV and
permitted) separately from non-motorised trails (hiking, horseback riding and biking only a
counted the number of bear GPS locations within each buffer by season to identify trail type
which grizzly bear use of access trails and adjacent habitats is high.

We performed geospatial analyses in ArcGIS 9.2., basic statistical calculations i d used
STATA to graph our results. Habitat selection ratios were computed using software

3 Data

In 2008-2010 we set radio collars on 12 adult bears (6 males; 6 female was
assumed a random sample of the grizzly bear population of the area. One m i gcollar off within a
week of capture and a second male dropped the collar within a month. The téafkemaini rs provided data
for variable amounts of time, from one season to three years, ing o ar was captured,

premature collar slip-off or collar malfunctioning (Table 1).
MSLs under study during the monitoring period.

Table1  Adult grizzly bears monitored in 2008-2010 on a eral surface leases
(MSLs) in west-central Alberta, Canada

Bear ID Sex Years GPS Locations GPS Locations on  GPS Locations on
Monitored  on Luscar MSL.  Gregg River MSL Cheviot MSL
G023 Female 2 440 0
G037 Female 1 1,280 0
G053 Male 1< Ns 5 0
G110 Male 2 0 0 71
G111 Female 3 99 341 204
G112 Male 1 315 219 4
G113 Female 2 19
G115 Male 2 655 0
G117 Female 2 0 228
G118 Female 1 229 0
During May—November 2008—2 GPS locations used by bears on Luscar MSL (nL = 113),

Gregg River t MSL (nC = 13) and outside mines (nOM = 390).

4 Results

4.1

Areas outside mi er proportions of bear home ranges than areas on mines (median
>0.75). Of all mine onsidered, proportion home range overlap was highest for Luscar MSL, a pattern
which was consiste ason. Reclaimed mines (Luscar and Gregg River MSLs) made up the
highest proportio, es during early hyperphagia, when correspondingly areas outside mines
had the lowest n of bear home ranges of all seasons. As expected, Cheviot MSL where active

mining occurred had
apparent, with two bears ted as medium grey outliers in Figure 2 below) having a large proportion of
River MSL during Aypophagia and early hyperphagia (median >0.4). In late
only a small proportion of home ranges overlapped reclaimed and active MSLs
dian <0.05). Griz ears have large home range requirements because they need to cover vast areas in

d and mates. The MSLs considered in our study represented only a small proportion of
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and active open pit mines

where most bears moved during the monitoring period, but bears did use reclaimed mi fora
resting and tree marking (discussed below).

— -

Prapartion of home range by land designation

e e

[t
=
o] S—

Hypophagia Early_hyperphagia

I | uscar MSL [ 1 Greog
[ 1 Cheviot mine MSL [ 1 Cutside M5Ls

Figure 2  Proportion of grizzly bear home ranges (
and areas outside mines by season. Data
on and around reclaimed (Lus& ;

open pit coal mines in west-central erta

ly bears monitored in 2008-2010
SL) and active (Cheviot MSL)

A variety of bear activity types were rec sites visited in the field (Figure 3), denoting the
opportunistic feeding habits of bears and the fact e individual bears were more carnivorous whereas
others primarily herbivorous. Sample size s with a specific activity) differ for each activity,
i esting) followed by feeding on ungulate carcasses and
digging for plant roots. Rodent diggi ants and tree marking (tree rubbing and claw marking)

were only recorded at 12—15 sites ea

Most bear activity we recorded was ouf
reﬂectmg our sampling reg1me visiting GPS location clusters, more of which formed outside

ed mines had more bear activity than the active Cheviot MSL and

no activity on the C ordance to low bear home range overlap with Cheviot MSL as
compared to reclaime Also in acCordance to higher proportions of bear home range overlap

Luscar MSL had the highest percentage of bear activity of all mines.
Feeding on ungul i particular appear to be occurrmg more on Luscar than on the other

proportions on Lus er MSLs and outside mines, when the data are pooled across seasons.
We suspect that herbaceo ifig actually occurs preferentially on reclaimed mines, but unfortunately
small sample siz i i preclude seasonal analyses. No instance of berry feeding was recorded on
a reflection of low availability of berries on MSLs (unpublished data). The lack
mines is consistent with the pattern of small proportion of home ranges

Mine Closure 2011, Alberta, Canada
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Figure 3  Percentage bear activity on mine leases and areas o season, based on
573 bear-used locations visited by field teams. Data are p cross seasons for 10 grizzly
bears monitored in 2008—2010 on and around reclaimed (Luscar MSL; Gregg River MSL)
and active (Cheviot MSL) open pit coal mines in west-central Alberta

4.3  Bedding and ungulate Kkill site selection

On Luscar MSL, bears selected forested (Ned) habitat an oided grassland and barren land for
bedding (Luscar MSL: standardised selection ratios Bforest = 0 , Pgrassland = 0.071, Bbarren = 0.087).
The same pattern was observed for Gregg RiverddSL, except that barren land actually was selected by bears
for bedding (Gregg River MSL: standardised sglection ratios Bforest = 0.494, Bgrassland = 0.110, fbarren =
0.396). Barren land on Gregg River MSL i d primarily on rock walls of old pits often reclaimed to
freshwater lakes. Statistically, apparent bed-s tion of barren land is unreliable and likely a product of
small sample sizes resulting in high standard errors: ically, given that the highest home range overlap
for this MSL occurs in early Ayperphagi ) may bed on barren land so that they can access
water quickly.

selected for primarily in forested areas, with grassland
and barren land areas being negative ar MSL: standardised selection ratios Pforest = 0.9006,
Pgrassland = 0.037, Bbarren = 0.057; Gre ISL: standardised selection ratios Bforest = 1, Bgrassland
= 0, Bbarren = 0). Forests may ide more Stitable cover for stalking and predating on ungulates compared
to open habitats wh i
potentially habitat hich will be tested in future analyses) may be favoured by
predators other than bea . is made by cougars (Puma concolor) (Murphy et al., 1998) or
2003), grizzly bears may displace these predators from ungulate kills.
Indeed, scavengin, bear diet in our study area (unpublished data).

Ungulate consumption sites on reclai

4.4 Cheviot h

Maintaining habi
requirements suc
major barriers to ani
population
bears do cr

ssential for long-term persistence of wildlife species with wide-ranging
e carnivores (Chetkiewicz et al., 2006). Roads and high traffic volumes can be
ement and can impede genetic flow between populations thereby affecting
nitoring of bear movement using GPS radio collar technologies revealed that
1 road and allowed us to identify sections of the road with high frequency of
gs occurred during early hyperphagia and especially in the northern sections of
the road crosses Luscar MSL (Figure 4). On this reclaimed mine public access is
ed trails only and bears graze on vegetation and kill ungulates on the lease. In late
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with the McLeod River. Few crossings occurred in the southern sections of the road possi
Cheviot haul road and active pits couple with motorised public access along a county roa
McLeod River and crosses the Cheviot MSL. However, one bear crossed the haul road o
several occasions, moved near the mine offices and made two ungulate kills in an undi
at the centre of the active mining operations.

A. B.

of forest

Crossings Crossings
0 0
1-2 1-2
— 3 - 4 — 3 - 4
— " — 5
-—7 .3 * - -8
[T cheviot msL -10

- o
[ Luscar msL [ cheviot msL
D Gregg River MSL * @ Luscar MSL
E Gregg River MSL

0 2 4Km A 0 2 4Km '{ 0 2 4Km N
[ M"»r Lrtal Mjf‘.r

Figure 4 Frequency of Cheviot coal mine haul roa
2008-2010, by season. High cr freq
road was active 24 h/day during

adio collared grizzly bears in
n darker shades of grey. The haul
ar monitoring. A. Hypophagia

4.5 Bear use of areas near mine trai

Opening of roads and trails facilitates human access viously remote areas and increases the chance of

g on-motorised trails in early Ayperphagia had the
hyperphagia is the time of the year when bears graze
reas in late hyperphagia bears move outside MSLs to

highest occurrence of bear locations
on forbs and kill ungulates on reclai

ungulate hunting season, whe i ¢ high levels of motorised traffic (unpublished data). Future
analyses based on prgci human use of access trails will allow an assessment on whether
the seasonal differe the difference in intensity of human use of trails is the key
driving factor for grizzly currence along trails.
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Mon-motorized access Motorized access

15

10

Bear locations per 100 m of trail

—

Hypo Early hyper  Late hyper

Early hyper

Figure 5 QOccurrence of grizzly bears in a 500 m buffer along desi access trails on Luscar and
Gregg River reclaimed MSLs. Each box plot represents one season (hypophagia, early
hyperphagia and late hyperphagia) and the data are split by non-motorised (n1 = 3) and
motorised (n2 = 3) access trails. Occurre ata are from GPS radio collared bears
monitored during 2008—2010 in west-cen

5 Conclusions \

Grizzly bears have recolonised, forage and rest
proportion of bear home range overlap wi
(hypophagia and early hyperphagia). Lusca
followed by Gregg River MSL, whereas C
reclaimed mines while avoiding active mining op
and kill ungulates, with kills found pri
dominate reclaimed mines. Reclaimed
for bears with bed sites occurring p
active mining phase. This finding alo

eclaimed open pit coal mines in west-central Alberta. The
reclaimed MSLs was highest in spring/early summer
had the highest proportion of bear home range overlap
SL had the lowest, indicating that bears may select
On reclaimed MSLs, bears graze on vegetation
as and few carcasses out in vast open areas which
de not only forage but also resting habitat opportunities

roads used for mining ac along recreational trails used by the public. Although we have not recorded

any bear mortality resulting ision with haul road traffic, bears cross the active Cheviot Mine haul
road primarily at i gesting that the potential for collision exists. We intuitively suspect
that enforcing spe its along the haul road particularly in spring and summer when crossings are the
most frequent will ikelihood of road mortality. Any users of mine haul roads should be

crossings are m to occur. Proper waste management practices will help prevent attracting bears to
ompounds thus decreasing the chance of conflict during active mining.

d mines in spring and early summer, conflict prevention strategies should
involve hu agement by allowing access along designated trails only. During early
hyperphagza wh me ranges have the largest overlap with mine leases, human access can be
y closure of trails with high risk of conflict. Bear warning signs could be installed at
he public about the risk of bear encounters and should include recommendations on
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seasons, because although lower, the risk of encounters still exists for fall (late hyperphagia
regulations would expose the public to an increase in chances of bear encounters resulting
the probability of conflict.

vegetation cover will help mitigate the effects of mining development on grizzly bea
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