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PREFACE

Every five years, the Fisheries and Wildlife Management Division of AlbertaNatura Resources Service
reviews the status of wildlife speciesin Alberta These overviews, which have been conducted in 1991
and 1996, assgn individua speciesto ‘colour’ liststhat reflect the perceived leve of risk to populations
that occur inthe province. Such designations are determined from extendve consultationswith professond
and amateur biologists, and from a variety of readily available sources of population data A primary
objective of these reviews is to identify species that may be considered for more detailed Status
determinations.

The Alberta Wildlife Status Report Seriesis an extension of the 1996 Status of Alberta Wildlifereview
process, and provides comprehensive current summaries of the biologica satus of sdected wildlife
species in Alberta. Priority is given to species that are potentialy at risk in the province (Red or Blue
listed), that are of uncertain status (Status Undetermined), or which are considered to be at risk a a
nationa level by the Committee on the Status of Endangered Wildlifein Canada (COSEWIC).

Reports in this series are published and distributed by the Alberta Conservation Association and the
Fisheriesand Wildlife Management Division of Alberta Environment, and areintended to provide detailed
and up-to-date information which will be useful to resource professionas for managing populations of
species and their habitatsin the province. The reports are aso designed to provide current information
which will asss the Alberta Endangered Species Conservation Committee to identify species that may
be formally designated as endangered or threatened under the Alberta Wildlife Act. To achieve these
godls, the reports have been authored and/or reviewed by individuals with unique loca expertise in the
biology and management of each species.



EXECUTIVE SUMMARY

Woodland Caribou (Rangifer tarandus caribou) are currently onthe ‘Blue Ligt” of speciesthat may be at
risk in Alberta. Under the Alberta Wildlife Act, caribou are designated threstened because of reduced
digtribution, declinesinregiond populationsand threats of further declinesassociated with human activities.
This report summarizes available information on the Woodland Caribou as a step towards updating its
datusin the province.

The Woodland Caribou’'s primary winter food source is lichen and this is largdly responsible for its
preference for matureto old forests. This speciaized food source, not normally used by other ungulates,
alowsthe caribou to spatidly separate themselves from other species and reduce the risk of predation.
Predation by wolvesisthe primary cause of caribou desth and the most significant limiting factor for this
species. Other industry activitiesthat may reduce caribou habitat suitability areresource extractioninthe
form of forestry, mining, petroleum and natura gasexploration and production, and agricultura expanson.
Many of these activities create linear corridors that effect the movement and distribution of caribou and
provide easier access for predators and humans.

Population and digtribution of Woodland Caribou in Alberta have been reduced, but the number of
caribouintheprovinceremainslargely unknown. Thereareextengve research and management programs
ongoingin Albertawith themgority of research conducted inthelast 10 years. Current land useguiddines
for industry have proven to be ineffective in terms of providing for long term caribou conservation.
Research and management undertaken by various regiond standing committees have increased our
knowledge of caribou ecology, but advancing this knowledge to better understand the effects of human
activities on caribou is critical.
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INTRODUCTION

Caribou (Rangifer tarandus) are currently
found in dl Canadian provinces and territories
except Prince Edward 1dand, Nova Scotia and
New Brunswick. Caribou vary in abundance
across their North American range, with the
world's largest herd residing in Quebec and
Labrador (Couturier et al. 1996). The
woodland subspecies (R. t. caribou) is
distributed across the forested and mountainous
regions of Canada, including northern and
west-central Alberta. The boreadl and southern
mountain populations of Woodland Caribou
are consdered ‘threatened’ by the Committee
on the Status of Endangered Wildlife in Canada
(COSEWIC 2000). The Atlantic (formerly
Gaspé) population in Quebec is considered
‘endangered’ (COSEWIC 2000). Woodland
Caribou are on Alberta’s ‘Blue Ligt™" of species
that may be at risk of declining to non-viable
population levels in the province (Alberta
Wildlife Management Divison 1996) and are
designated ‘threatened’ under the provincial
Wildlife Act. Considerable research has been
done on caribou ecology in Alberta over the
past 20 years. This report summarizes past and
ongoing research on Woodland Caribou
ecology in Alberta as a step in updating the
species’ current status designation in the
province.

Ecotypes (a form of a given species with
characteristic adaptations) are frequently used
in the description of caribou (Edmonds 1991,
Thomas 1995) because of the tremendous
variation in behavior, habitat use patterns, or
morphology of caribou from different regions.
In this document, Woodland Caribou that live
year round in forested habitat will be referred
to as ‘bored’ ecotype, while caribou that winter
in forested foothills and migrate to alpine
mountain habitat during summer will be

* See Appendix 1 for definitions of selected status
designations.

referred to as ‘mountain’ ecotype (see
Edmonds 1991).

HABITAT

Woodland Caribou typicdly rely on large tracts
of mature to old forests that contain the
caribou’s primary winter food - lichens.
Habitat use by the two Woodland Caribou
ecotypes in Alberta contrasts most during
spring, summer and fall (Edmonds and
Bloomfield 1984). The migratory nature of
most mountain caribou inhabiting Alberta’'s
eastern dopes takes them from high eevation
alpine habitats in spring, summer and fal to
foothills forests in the winter. Bored ecotype
caribou inhabiting forests of northern Alberta
make extensive movements throughout the
year (Hornbeck and Moyles 1995, Stuart-Smith
et d. 1997) but most do not make predictable
migrations and therefore habitat use does not
differ on a seasond bass.

Lichens are an important food source for
caribou and thus influence habitat use and
distribution. Due to their extremely slow
growth and limited dispersal mechanisms,
lichens are found primarily in old foress This
fact contributes to the affinity of Woodland
Caribou to reatively old forests (Bjorge 1984,
Stepaniuk 1997). Alberta's boreal ecotype
caribou are typically found in peatland
(muskeg) complexes dominated by black
spruce (Picea mariand) and larch (tamarack,
Laix laidna; Fuller and Keith 1981, Edmonds
and Bloomfield 1984, Bradshaw et al. 1995,
Hornbeck and Moyles 1995, Anderson 1999).
Caribou movements in northeastern Alberta
were shown to be constrained (98.6% of
locations) by the boundaries of peatland
complexes (Stuart-Smith et a. 1997). This
pattern of lowland habitat use, in combination
with varying use of lichen-rich stands of jack
pine (Pinus banksiana) or lodgepole pine .
contorta) are common to caribou in non-




mountainous areas (Darby and Pruitt Jr. 1984,
Schaefer and Pruitt Jr. 1991, Rettie and Messier
2000, Schneider et d., 2000). Recent work in
north-central Alberta has shown that even in
areas where small peatlands are interspersed
in an upland matrix, caribou select treed bogs
and fens (Morton and Wynes 1997, Boreal
Caribou Research Program 1998, Anderson
1999, Boreal Caribou Research Program
1999a). Upland stands of trembling aspen
(Populus tremuloides), white spruce (Picea
dlauca), paper birch Betula papyrifers) and
balsam fir (Abies balsames) are seldom used
or are avoided (Fuller and Keith 1981,
Bradshaw et al. 1995).

Habitat selection by migratory mountain
caribou changes seasonally. The breeding
season, or rut, typicaly takes place in apine
or subalpine meadows (Edmonds and Smith
1991). In winter, mature and old lodgepole
pine or mixed pine/spruceffir forests are most
commonly used (Edmonds and Bloomfield
1984). Mountain caribou in some ranges (eg.,
South Jasper/Whitegoat; see Figure 1 for
caribou range names) now reside in the
mountains year round, but move from low
elevation winter ranges to upper subapine and
alpine habitats in the summer (Brown and
Hobson 1998). The migratory A La Peche herd
has not left the mountains since 1997 (Alberta
Environment, unpubl. data) and the reasons for
the recent abandonment of their foothills winter
range are unknown. A small population
(minimum estimate of 60 animals) of caribou
residing in the Little Smoky range are non-
migratory, and are the only caribou remaining
in west-central Alberta that inhabit forested
lowlands year round; they are considered to
be bored ecotype animals (Brown and Hobson
1998).

Reldtive safety from predation is a key festure
of habitat used by Woodland Caribou. The
susceptibility of caribou to wolf predation has

led to patterns of habitat use that separate them
from other ungulates that cohabit the same
geographic areas (Bergerud and Page 1987,
Seip 1992). For mountain caribou, this ‘spatia
separation’ occurs when they occupy different
winter habitat than other ungulates and/or when
mountain caribou make migrations to cave at
higher elevations than moose, deer or elk
(Edmonds and Smith 1991, Seip 1992). Borea
caribou in Alberta do not migrate (Stuart-Smith
et a. 1997), however this ecotype separates
itself from other ungulates by occupying
habitat that has a lower density of other
ungulate species year-round (Boreal Caribou
Research Program 1998, Boreal Caribou
Research Program 1999b, James 1999). The
risk of predation is further reduced in
Woodland Caribou residing in the mid-
continent by existing at very low population
dengties of gpproximately 0.03 to 0.12 caribou
per square kilometer (Seip 1991, Bergerud
1992, Stuart-Smith et al. 1997). The
availability of extensive range ‘space’ is
thought to be an important habitat characteritic
that allows caribou to avoid predation
(Bergerud 1980, Bergerud et a. 1984).

Unlike Barren-ground Caribou (R. .
groenlandicus; Adams and Dale 1998a),
caving gtes in Alberta are not associated with
eadly identifiable ‘calving grounds. Pregnant
female caribou of the boreal and mountain
ecotype disperse on the landscape for calving,
though individua females often show fidelity
to previous calving locales (Edmonds and
Smith 1991, Hornbeck and Moyles 1995,
Morton and Wynes 1997). Calving site
habitats in west-central Alberta are quite
variable (e.g., alpine, subapine forest, treed
and open muskeg; Edmonds and Smith 1991).
Boreal caribou calve in lowland habitats
(muskeg bogs and fens; Morton and Wynes
1997, Boreal Caribou Research Program,
unpubl. data), but characteristics of specific
microsites are not known.
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Figure 1. Caribou range namesin Alberta (adapted from AlbertaFish and Wildlife 1993). WSAR =
West sde of Athabasca River; ESAR = East Sde of Athabasca River; CLAWR = Cold
LakeAir WeaponsRange. Thetrianglesare observations of caribou from several sources
(see‘Didribution’ section), and the dots are telemetry points.



CONSERVATION BIOLOGY

Caribou are medium-sized members of the deer
family. They are recognized by their brown
pelage, cream-coloured neck and mane, and
large, intricate, forward-curving antlers. Males
and most females have antlers, although the
femdes are smdler. Caribou are well adapted
to harsh winter conditions (White et a. 1981,
Tefer and Kelsal 1984). Their large, crescent-
shaped hooves and relatively long legs are
useful for digging through snow to reach their
winter food (e.g., lichens), and provide
effective weight distribution for locomotion
over snow or muskeg (Fancy and White 1985,
Klein and Fancy 1987, Klein 1992). Other
adaptations to winter conditions include short
extremities (ears and tail), and hollow hair that
provides excellent insulation and covers the
entire body including the muzzle. To further
reduce heat loss, caribou have a slower
metabolism and a reduced rate of movement
in most late winters when deep, crusted snow
makes travel energeticaly expensve (Banfield
1977, Klein 1992, Schneider et al. 1999).
Despite these adaptations, fat reserves
accumulated in summer are depleted during
winter (Dauphine Jr. 1976, Adamczewski et
al. 1987, Gerhart et al. 1996a). Pregnant
femdes divert nutrients to their growing fetuses
throughout the winter with costs to the mother
increasing exponentially during gestation
(Robbins 1983). Long, harsh winters with
deep, crusted snow can thus compromise body
condition and surviva of adults, juveniles, and
unborn fetuses (Adams et a. 1995).

Mountain and boreal ecotype Woodland
Caribou differ in their seasonal movement
patterns. Most mountain caribou in Alberta
are migratory and make seasonal migrations
between dpine or sub-dpine summer range (in
both Alberta and adjacent British Columbia)
and forested foothills winter range (Edmonds
and Bloomfield 1984, Brown and Hobson

1998). Boreal ecotype animals wander
extensively throughout the year but typicaly
show considerable overlap between winter and
summer ranges (Stuart-Smith et a. 1997).

The breeding season, or rut, occurs in early- to
mid-October (Edmonds and Bloomfield 1984).
Bulls tend to be polygamous, collecting and
defending harems of twelve to fifteen cows
(Banfield 1977). Males eat little during the
rut (Banfield 1977) and may lose up to 25% of
their body weight (Bergerud 1983). By
November, mountain ecotype animals begin
to move to their wintering range, while bored
ecotype caribou disperse into smaller groups
throughout their annual home range.

Caribou have a gestation period of
gpproximately 7.5 to 8 months (Banfield 1977).
In northern Alberta most calves are born in the
first two weeks of May (Morton and Wynes
1997). This is earlier than in west-central
Alberta where most calves are born in the first
week of June (Edmonds and Bloomfield 1984,
Edmonds 1988, Edmonds and Smith 1991),
and is aso earlier than severa other areas of
North America (Hatler 1986, Brown and
Theberge 1990).

Caribou exhibit low reproductive potential.
Adult cows typically begin producing young
when they are three years of age and only
produce a single calf annually (Adams and
Dde 1998b). Females that are 1.5 years old
may breed and produce young as two-year-olds
depending on nutrition (Dauphine Jr. 1976,
Adams and Dale 1998b, Rettie and Messier
1998). Recent work in Alberta has shown
pregnancy rates to be very high in femaes over
2.5 years of age (Edmonds and Smith 1991,
Stuart-Smith et al. 1997, Boreal Caribou
Research Program 1998). Similarly, visua
observations of radio-collared females with
newborn caves reveded calf production to be
high (>80% of dl femdes, Morton and Wynes



1997). These high and reatively invariant rates
of pregnancy and calf production are
comparable to Barren-ground and Woodland
Caribou herds elsewhere in Canada (Bergerud
1980, Bergerud 1983).

Juvenile surviva (i.e, in the first year of life)
for caribou is highly variable both within and
between years. A common tempora pattern
shown in the first year is for caribou calf
mortdity to be highest in the first 30 days after
birth (Mahoney et a. 1990, Stuart-Smith et a.
1997). Survival rates approach adult levels
after the first year of life (Davis et a. 1988,
Whitten et a. 1992). In northern Alberta,
edimates of caf surviva to ten months of age,
expressed as number of calves relative to the
number of adult females, has varied between
7.4 and 46 calves per 100 cows' (Table 1,
Boreal Caribou Research Program, unpubl.
data). In west central Alberta, estimated calf
survival to five months of age (the end of
summer), based on a sample of radio-collared
females, has varied between 0 and 60 calves
per 100 cows (Alberta Environment, unpubl.
data). The Little Smoky herd has shown the
lowest estimates of recruitment over the last
three years with calves comprising only 4%,
5%, and 5% of the late summer population in
1998, 1999, and 2000 respectively. This herd
had calves comprising just 1.2% of the winter
population in 2000 (Alberta Environment,
unpubl. data). Bergerud (1974) suggested
caribou populations with less than 10% caves
in late winter are likely declining. Variability
in juvenile survival plays a critical role in
determining population dynamics of ungulates
such as Woodland Caribou (Gaillard et al.
1998).

Survival of adult caribou is typically much

! Note: actual calf survival rates to ten months of age
will be slightly higher than valuesin Table 1 because
only about 90% of adult female caribou produce a
calf.

higher than juveniles, and shows less year to
year variation. Edmonds (1988) reported an
annua surviva rate of 78% for adult mountain
and boreal ecotype caribou in west-central
Alberta during the early 1980s. A more recent
examination in this study area reported a higher
annual surviva rate for both mountain and
boreal ecotype animals of 93% and 85%,
respectively (K. Smith, pers. comm.). Annua
survival of adult Woodland Caribou in the
Birch Mountain area of northeastern Alberta
has been reported at 85% (Fuller and Keith
1981) and 88% for a study area south of Fort
McMurray (Stuart-Smith et al. 1997). More
recent work in five northern Alberta study areas
shows annua adult survival varied from 74%
to 100% (Table 1; Borea Caribou Research
Program, unpubl. data; calculated according to
Pollock et al. 1989). Survival rates of adult
female Woodland Caribou in Alberta are
comparable to those found in other areas of
Canada (Bergerud 1980, Hearn et al. 1990, Seip
1992, Rettie and Messier 1998).

Predation, primarily by wolves, is recognized
by most authorities as the most important
natural cause of death in caribou populations
(Bergerud 1988, Edmonds 1988, Seip 1992,
Boertje et a. 1996, Stuart-Smith et a. 1997,
Boertje and Gardner 1998). Ongoing research
of the Boreal Caribou Research Program
supports the contention that predation is the
primary cause of desth for adult caribou (Figure
2). In addition, othersindicate that bears (Ursus
spp.), Coyote (Canis larans), Wolverine (Gulo
qulo) and Canada Lynx (Lynx canadends) may
aso be predators on caribou in forested habitats
(Mahoney et d. 1990, Stephenson et al. 1991,
Ballard 1994). In addition to predation,
mortality factors for calves also include
garvation, inclement weather, and reduced size
a birth after hard winters (Bergerud 1983).

In Alberta, terredtrid lichens condtitute the bulk
of the Woodland Caribou’s winter diet



Tablel. Adult femde surviva and calves per 100 adult femalesfor caribou populations in northern Alberta, May 1993 - April 2000.

1993/94 1994/95 1995/96 1996/97 1997/98 1998/99 1999/2000 | Average"
i s ¢ [|n S c |n S c |n S c [n S c [n S c |n S c Adult
(s.e) (s.e) (s.e) (s.€) (s.e) (s.e) (s.e) Survival
West Side
94 89 83 88 93 89 83
Athabasca 18 28 | 25 22 | 42 20 | 37 29 | 30 36 | 32 26 | 44 18 | 88.5
River G) ®) C) 5 ) ®) 6]
East Side
89 89 85 94 83 » 88 91
Athabasca 31 10 | 33 22 | 44 20 | 36 151 31 Vol 25 37|23 28 | 88.5
River (6) (5) (5) @) ) (6) (6)
- 82 74 79
Red Earth vil 9 22 25| 19 18 | 14 | 100 46 | 14 15| 27 | 100 12 | 86.1
(8) (10) (11)
Caribou 81 96 77
Mtns. vii 111161100 |16 | 16 | 100 |24 | 29 ) 10 | 25 ) 12 | 23 ) 7 1903
CLAWR¥X 95 95
Alberta 22 ®) 19|21 ®) 14 | 95.2
CLAWR 9 81
Saskatchewan 23 32121 19 | 85.1
(6) 9

" Saskatchewan side of the Cold Lake Air Weapons Rangeincluded for comparison asit isone of the study areas of the Boreal Caribou Research Program.
it Averageannual adult femalesurvival rate cal culated asageometric mean over entire period of sampling (Steel & Torrie 1980); cal cul ation done assamplesizein someyearswas
low (<20) and assuchlossesor survival of afew animalscan causelargevariationinannual survival rate. Not cal culated for calvesastheratiowasalwaysbased on an adequate
sampleof adult females(n> 50, typically n>100).
iii n refersto the maxi mum number of adult femal e caribou monitored during theyear. Note: total number of femal esislessthanthe sum acrossyearsasmany femal essurvived from

oneyear tothe next.

v Sreferstoadult femalesurvival asapercent. Calculated asthe Kaplan-Meier estimator of survival rate (Pollock et al. 1989), using acomputer program designed by C. Krebs

(University of British Columbia).
v Proportion of adult femal es(cows) seenwith calvesinlate February/early March of year following birth (i.e., calves per 100 cowsat 10 monthsof age); thisvalueisused asan

estimateof recruitment.
vi Spring calf survey not doneon east side of Athabascariver dueto budgetary constraints.
vil Adult survival not calculated for theyear ascollared only occurredin January; calf surveyswereflowninMarch.
Vi Adult survival not calcul ated for theyear ascollared only occurred in January; calf surveyswereflownin March

x CLAWR = Cold LakeAir WeaponsRange




H Predator

B Unknown
E Human
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Figure 2. Causes of mortdity for radio-collared adult female caribou (n=102) in northern Alberta,
1992 to June 2000 (Bored Caribou Research Program, unpublished data). * Suspicious
means humanswere suspected in causing the desth of the caribou; criteriaincluded sudden
loss of sgnd with no indication of transmitter mafunction and bettery was gill within the

expected life span charge.

(Thomas et d. 1996, Morton and Wynes 1997).
By exploiting a food source not normally
sought by other ungulates, Woodland Caribou
can spatially separate themselves from other
species to reduce predation risk. Arboreal
lichens (those growing on trees) are important
food items in the diet of some caribou
populations, especially those inhabiting
mountainous areas with deep snow (Simpson
et al. 1985). Caribou in Alberta and
Saskatchewan occasionally feed on arboreal
lichens, and this food source may be most
important when deep or crusted snow makes
accessing terredtria lichens difficult (Thomas
and Armbruster 1996, Thomas et al. 1996).
The summer diet of caribou is much more
varied, including terrestrial lichens, shrubs,
grasses, sedges, horsetails, and forbs (Boertje
1984, Thomas and Armbruster 1996, M.
Heckbert, pers. comm., D. Thomas, pers.
comm.).

DISTRIBUTION

1. Alberta. - The distribution of Woodland
Caribou in Alberta has experienced a reduction
in extent rative to its higtoric range. While a
detailed description of historic caribou
distribution in northern Alberta has not been
compiled, Soper (1964) described the former
range of Woodland Caribou in the northern part
of the province as the “whole of northern
Alberta south to the lower limits of mixedwood
forest (approximately Cold Lake; Lac la Biche;
Barrhead) and south in comparable, western
environment to about the latitude of Sundre;
now absent in the maor part of that region.”
Edmonds and Bloomfield (1984) reviewed
historic records of caribou distribution in west
central Alberta and documented that caribou
have disappeared or remain as fragmented
populations in many parts of the Alberta Rocky
Mountains (see also Soper 1970). Severa



recently occupied caribou ranges have also
been observed to contract or disappear (e.g.,
Deadwood, Slave Lake, northern/western
portions of Little Smoky, northern part of
Calahoo Lake, Pinto/Nose Creek area; D.
Hervieux, D. Moyles, K. Smith, pers. comm.).

By combining information on habitat use, radio
telemetry sudies, incidental sightings and loca
knowledge, a comprehensive picture of the
current distribution of Woodland Caribou in
Alberta emerges (Figure 3). Despite
documented range recession, it is unlikely that
Woodland Caribou distributions were as
uniformly digtributed as early reports indicated.
Current knowledge of habitat use and
ecological factors such as spatial separation
almost certainly dictated low-density
populations that likely occurred as a
discontinuous distribution. It is for these
reasons, combined with the difficulties of
surveying low-density populations of cryptic
Woodland Caribou, that defining habitat is
probably the best approach to build base maps
showing the potential distribution of caribou
in northern Alberta (Bradshaw et a. 1995).

In Alberta’s regional caribou land-use
guidelines (Northeast Regional Standing
Committee on Woodland Caribou (NERSC)
1997, Northwest Regional Standing
Committee on Woodland Caribou (NWRSCC)

1997, West Centra Alberta Caribou Standing
Committee (WCACSC) 1996), ‘caribou
management zones®’ (Figure 4) are based on
identification of suitable habitat and available
information on caribou distribution. Resource
extraction companies (e.g., petroleum and
natura gas, timber, peat mines) are asked to
follow specific land-use guidelines for
operations within caribou management zones.
It should be noted that some areas known to
be occupied by caribou were excluded from
caribou management zones for administrative
and other reasons®. Also some areas recently
abandoned by caribou (e.g., Pinto/Nose Creeks,
D. Hervieux, pers. comm.) were excluded from
the management zones even though habitat
potentia for caribou remains. Maps of caribou
management zones are periodically reviewed
as new information on caribou habitat and
distribution is acquired. The caribou
management zones in the Northeast Boreal
Region were established based on locations of
radio-collared caribou relative to habitat
associations (Bradshaw et al. 1995, G.
Hamilton, pers. comm.). In the Northwest
Boreal Region, caribou management zones
were based on a combination of radio telemetry
studies, surveys, loca knowledge, anaysis of
land-sat imagery, and habitat associations (D.
Moyles, pers. comm.). In west central Alberta,
the boundaries of caribou management zones
were developed using local knowledge,

2The caribou management zones referred to in this document are labelled as ‘ caribou management zones' in the
Northwest Boreal Region, ‘caribou restriction zones' in the Northeast Boreal Region, and ‘ caribou planning
areas’ inwest central Alberta. For simplicity all caribou-rel ated management and restriction zonesin the province

are called caribou management zones in this document.

3Examples of caribou range areas not placed in caribou management zones include: Jasper/Banff/Wood Buffalo
National Parks and the Cold Lake Air Weapons Range where provincial regulators do not have jurisdiction, the
areas south/southeast of ChristinalLake (T 76 R 7 W4M), and east of Lesser Slave Lake (T 73, 74 R5 W5M), and
the heavy oil development area east of Wabasca (T 79-83, R 22-23 W5M) where regulators deemed industrial
operations were already too intense to effectively implement new land use guidelines for caribou conservation,
aswell asthe Calahoo Lake area (T68 R12,13,14 W6M) where the demand for new timber harvesting was high.

Also some caribou ranges were excluded due to the presence of only small and isolated caribou herds.
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radiotelemetry data, and aerial and ground-
based survey data collected between 1979 and
1996 (K. Smith, pers. comm.).

Other information sources have been compiled
to clarify the current distribution of Woodland
Caribou in Alberta. To augment knowledge
of caribou didribution, some wildlife managers
have instituted a system of sighting cards
whereby details of caribou sightings are
gathered from the public. These sightings are
entered in a provincial Biodiversity Species
Observation Database maintained by Alberta
Environment and Alberta Conservation
Association. Many resource extraction
companies have involved their employees in
this sighting card program. Additional
information on the distribution of caribou in
Alberta has come from caribou sightings
recorded during surveys flown for other big

game species.

2. Other Areas. - The distribution of
Woodland Caribou in North America has
receded northward since the turn of the century
(Figure 5; Soper 1964, Bergerud 1974,
Cumming and Beange 1993). The southern
limit of Woodland Caribou distribution east of
the Rocky Mountains higoricaly followed the
bored forest, south into the northeastern United
States (Maine, Minnesota, Michigan, New
Hampshire, Vermont, Wisconsin; U. S. Fish
and Wildlife Service 1998) and the Canadian
Maritimes. Woodland Caribou currently occur
across Canada, extending north into the
Northwest Territories, Yukon and Alaska, and
south into Washington and Idaho. The
northward contraction of the caribou’s range
has been most extensive in eastern Canada
(Bergerud 1974, Cumming and Beange 1993,
Créeet d. 1994). Caribou likely prefer certain
habitats which may not be found throughout
the range indicated in figure 5. For amplicity,
the distribution of caribou outside of Alberta
is shown as continuous.

11

Descriptions of current caribou distribution
vary greatly in detail. Yukon and British
Columbia depict herd boundaries, interspersed
with low density areas (Farnell et al. 1998,
Heard and Vagt 1998). Woodland Caribou in
the Northwest Territories range from the
Alberta border north to the tundra, west of
Great Bear and Great Save Lakes (Edmonds
1991). Relatively little is known about the
status of these forest-dwelling caribou in the
Northwest Territories. The former west coast
population on the Queen Charlotte Idands went
extinct by the 1920s (COSEWIC 2000). In
Saskatchewan, Woodland Caribou distribution
is vaguely presented as an area of the central
and northern parts of the province between 54°
N and 58° N; pockets of known populations
have been highlighted by recent research
(Rettie et d. 1998). Because of smilarities in
habitat types in northern Alberta and areas
south of the Precambrian Shield in
Saskatchewan, habitat associations established
by Rettie and Messer (2000), Bradshaw et d.
(1995), Anderson (1999) and ongoing studies
of the Boreal Caribou Research Program
should provide sufficient information to
sgnificantly refine the probable distribution of
caribou in Saskatchewan. The distribution of
Woodland Caribou in Manitoba is presented
as discrete ranges, recent telemetry projects in
Manitoba have shown that some former *herds
likely form a larger metgpopulation (R. Larche,
pers. comm.). Cumming and Beange (1993)
depict the southern boundary of contiguous
Woodland Caribou distribution in Ontario
(1990) as a line extending as far south as about
50° N latitude. Woodland Caribou in Ontario
historically ranged as far south as 46° N, and
sx remnant herds Hill persst south of the line
of current continuous distribution (populations
are named according to their locations. Sate
Isands, Pic Idand, Pukaskwa National Park,
Caramat, Flanders Township, and Hagarty
Road; Euler et al. 1976, Darby et al. 1989,
Cumming and Beange 1993). In Quebec, there



Figure 5. Didtribution of Woodland Caribou in North America (adapted from Gray 1999). The
digtribution of caribou outside of Albertais shown as continuous but may not be.
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are numerous smal herds inhabiting the boresal
forest between 49° N and 55° N. In the boreal
forest between 48° N and 49° N there are three
small, sedentary caribou populations (the Va
D’Or herd, the Grands Jardins herd and the
Gaspésie herd in Gaspésie Consarvation Park;
Créte et d. 1994, Couturier et al. 1996). The
large migratory Leaf River and George River
herds in northern Quebec and Labrador are now
considered by many to be Barren-ground
Caribou (Couturier et al. 1990, Gray 1999).
Newfoundland has scattered herds that occupy
most of their historic range (Mahoney et al.
1998, C. Doucet, pers. comm.). Woodland
Caribou were extirpated from Prince Edward
Idand before 1873 and from New Brunswick
and Nova Scotia by the 1920s (Miller 1993).

POPULATION SIZE AND TREND

1. Alberta. - Development of a census
technique for Woodland Caribou in Alberta is
impeded by factors such as the low dengty and
clumped distribution of caribou, their cryptic
coloration, and their habit of remaining in
coniferous forests during the winter.
Significant efforts to develop population
census techniques have been unsuccessful to
date, but research is ongoing to develop
suitable sampling protocols. Indices of caribou
population dynamics are now used throughout
the province to monitor population trends.
Therefore, there are no accurate estimates of
caribou population size in Alberta

Despite the absence of reliable censusing
techniques, there have been severa attempts
in recent years to estimate the sze of Alberta's
Woodland Caribou population. These
estimates are typically presented as ranges of
values and are largely based on professiona
judgement only. Edmonds (1986) estimated
1324 to 1868 Woodland Caribou in Alberta
and later revised this estimate to 3300
(Edmonds 1991); (Ferguson and Gauthier
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1992) reported 3000 to 3500; and the most
recent estimate is 3600 to 6700 (with 600 —
750 of these being mountain ecotype caribovu;
Alberta Woodland Caribou Conservation
Strategy Development Committee 1996).
Contrary to apparent increases in population
estimates from 1986 to 1996, most authorities
contend that there has been a decline in
Alberta’s caribou population size and amount
of occupied range since 1900 (Edmonds and
Bloomfield 1984, Brown and Hobson 1998).
The increase in caribou population estimates
in the past decade is likely the result of
increases in survey efforts and improvements
in our understanding of caribou distribution in
Alberta. Bradshaw and Hebert (1996)
reviewed purported long-term declines in
Woodland Caribou numbers in Alberta, and
found no reliable data to support or refute the
generd perception of population declines. On
the whole, there have been reductions in some
populations and the digtribution of caribou in
Alberta has contracted, but the number of
Woodland Caribou currently in Alberta
remains largely unknown.

Current caribou population estimates are
consistently much less than 1000 caribou for
al identified individual caribou ranges in
Alberta (Alberta Fish and Wildlife 1993, M.
Heckbert, D. Hervieux, K. Morton, D. Moyles,
K. Smith, and B. Wynes, pers. comm.).
Between 1995 and 2000, the highest total count
surveys on individual boreal caribou ranges
have produced minimum counts ranging from
62 individuals in the Little Smoky (West-
Centra Alberta Caribou Standing Committee
unpub. data) to 263 individuds in the Caribou
Mountains (Borea Caribou Research Program
unpub. data). For individud mountain caribou
ranges, surveyed between 1993 and 2000, these
numbers were between 42 individuals in the
Narraway and 187 individuds in the Redrock/
Prairie Creek Range (West-Central Alberta
Caribou Standing Committee unpub. data).



Caribou ranges and populations in Alberta
(Figure 1) are largely distinct, with little
movement by individua radio-collared caribou
observed between ranges (Appendix 2).
However, since most radio collars are put on
female caribou, information about the
movements of male caribou is limited.
Therefore, inter-range movements may be
somewhat under estimated.

Work initiated in west-centra Alberta in 1980,
and in northern Alberta in 1989, is focused on
the assessment of adult and juvenile survival
to estimate population trends based on
mathematical relationships between estimates
of adult surviva, reproduction (pregnancy rates
and production of young), and survival of
juveniles to recruitment (e.g., Hatter and
Bergerud 1991). An extensive monitoring
program of radio-collared caribou allows
researchers to determine annual survival rates
for adult caribou, but logistical complications
prevent large-scale calf-collaring projects in
Alberta. Instead, information on caf survival
comes from herd composition surveys.

Stuart-Smith et a. (1997) used a life table
approach to compare adult and juvenile
survival. They reported that Woodland
Caribou in a 20,000 kn? area of bored forest
south of Fort McMurray had a population rate
of increase of r = -0.08 indicating the
population was declining. However, there was
insufficient data to determine if the rate of
increase was dgnificantly different from zero.
Appendix 3 shows the relationship between the
exponentia rate of increase (r) and the percent
change in population size that would be
observed assuming no change in ‘r’ over ten
years. The vaue depicted by Stuart-Smith et
a. (1997) would have lead to a 55% reduction
in one decade if indeed r = -0.08 was accurate
and did not vary.
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Population change can be related to a variety
of factors including changes in production of
young, survival to breeding age, or adult
survival. Production of young is relatively
constant for Woodland Caribou, wheress there
is some variability in adult, and to a much
greater extent, juvenile survival (see
‘Conservation Biology’ section, above).
Figure 6 demonstrates the relaionship between
adult survival, juvenile survival and the
exponential rate of increase (r). For the
variability found in juvenile survival (10% to
40%) seen in northern Alberta in the 1990s,
adult survival must be greater than 85% to
show a positive population growth rate. Figure
7 depicts data for adult and juvenile surviva
from sx study aress in northern Alberta rdative
to isopleths that depict stable populations, 20%
and 50% declines in 10 years (Boreal Caribou
Research Program, unpubl. Data).  Figures 8
and 9 present the cumulative percent change
in these boreal caribou populations over the
study period (Analysis prepared by T.
Szkorupa (Alberta Natura Resources Service)
using data from Table 1). These analyses for
SX study aress in northern Alberta suggest that
caribou populations in most boreal ranges are
declining. Caribou in the Red Earth area and
Caribou Mountains have shown the most
dramatic declining trends. Further andyses are
underway to understand factors that are
influencing these trends and to model the
effects of annual variability in adult and
juvenile survival on population trends.

Estimated cumulative percent change for three
west-central Alberta caribou populations are
shown on Figure 10 (analysis provided by C.
Rohner (University of Alberta) using West-
Central Alberta Caribou Standing Committee
unpubl. Data). This analysis indicates high
levels of population decline for the A La Peche
and in particular for the Little Smoky caribou
herds.
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Figure 8. Cumulative change in population size, expressed as a percent, for caribou populations on
the west and east sdes of the Athabasca River. Population size caculated using rate of
increase, r, for each year. Yearly r values were caculaied usng annua caf recruitment
dataand asingle adult surviva rate for each range (based on the geometric average across
al years). A Kaplan-Meier procedure (Pollock et a. 1989) was used to estimate adult
aurviva. The 20% reference line shows a population decline of 20% over 20 years (i.e. 3
caribou generations, based on an average female age of 6.9 years; Fuller and Keith 1981),
assuming a congtant rate of decline. Note: Figure based on an over estimate of actud calf
aurviva; survivad to 10 monthsis used rather than surviva to one year. Actua population
declines may therefore be greater and population increases may be less than shown.
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Figure 9. Cumulative change in population Size, expressed as a percent, for severd boreal caribou
populations. Population Sze caculated usng rate of increase, r, for each year. Yearly r
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for each range (based on the geometric average across dl years). A Kaplan-Meier
procedure (Pollock et d. 1989) was used to estimate the adult survival. The 20% reference
line shows a population decline of 20% over 20 years (i.e. 3 caribou generations, based
on an average female age of 6.9 years; Fuller and Keith 1981), assuming a congtant rate
of decline. Note: Figure based on an over estimate of actud caf surviva; surviva to 10
monthsis used rather than surviva to oneyear. Actua population declines may therefore
be greater and population increases may be less than shown.
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Figure 10. Cumulative change in population size, expressed as a percent, for caribou populationsin
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known levels of caribou highway mortdity. The herd was not being monitored by radio
collars at thistime. The 20% reference line shows a population decline of 20% over 20
years (3 caribou generations, based on an average femde age of 6.9 years; Fuller and
Keith 1981), assuming a constant rate of decline. Population trends prior to 1998 for
Redrock are not plotted due to unclear adult surviva rate data.
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4. Other Areas. - Despite reservations
associated with Woodland Caribou census
techniques, Table 2 shows the most recent
estimates for Woodland Caribou in other North
American jurisdictions. The methods used for
determining population size vary from aeria
surveys and photo-censuses to ‘best guesses
by regional wildlife managers. Readers are
encouraged to check with the origind authors
regarding the reliability of these population
estimates and trends.

LIMITING FACTORS

Limiting factors can be discussed in a strict
scientific sense, or in more general terms.
From the scientific perspective of population
ecology, a limiting factor is anything that has

a measurable negative effect on the
population’s rate of change (Sinclair 1989,
Messier 1991, Boutin 1992). In a broader
context, limiting factors may be seen as
anything that negatively affects either
population dynamics or habitat suitability.
Changes in habitat quality or quantity may
indirectly affect survival or reproduction of an
animd and, as such, the two views of limiting
factors are inter-related. Indeed, in population
ecology it is likely that a number of factors
may be limiting a the same time (Watson and
Moss 1970). Woodland Caribou, which
naturally exist at low density and have low
reproductive output, cannot recover from the
effects of an array of limiting factors (either
aone or in concert) as quickly as species such
as deer, dk or moose, which naturally maintain

Table 2. Estimates of both Woodland Caribou abundance and population trends in North America

Jurisdiction Population Estimate | Year(s) of Population Trend References
Estimate by Herd or
Jurisdiction
YK 29 000 - 35 000 1978 - 1998 | 17% Increasing (Farnell et al. 1998)
9% Decreasing | (R. Farnell, pers.
35% Stable comm.)
39% Unknown
BC 18000 1996 15% Increasing (Heard and Vagt
10% Decreasing 1998)
31% Stable
44% Unknown
WA/ID <100 ? ? (Washington
Department of Fish
and Wildlife 1997)
X 2500 ? Unknown (Kelsall 1984)
MB 2000 - 2500 1973 - 1990 [ Unknown (Johnson 1993)
ON 20757 1982 - 1996 | Variable (Cumming 1998)
QC/Lab herds
Gaspésie Park | 200 - 250 1980s Stable (Créteet al. 1994,
Other herds <1,000 1997 Variable Schaefer 1997a,b, C.
Found, pers. comm.)
NF (idand) >80 000 1989 - 1998 | 11 herdsincreasing | (C. Doucet, pers.
5 herds stable comm.)
2 herds decreasing
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higher population densities and are more
productive. The following is a discussion of
limiting factors, in the strict and broad sense,
that may be affecting Woodland Caribou.

1. Predation. - Predation is an important
limiting factor for caribou populations. In
order to reduce the impact of predation,
Woodland Caribou remove themselves
spatialy from other ungulate prey (Bergerud
and Page 1987, Seip 1992). Caribou
accomplish these spacing strategies through
seasond migrations (e.g., some areas of west-
central Alberta; Edmonds 1988, Edmonds and
Smith 1991) and/or by being sparsely
digtributed in very large range aress (Bergerud
1980, Bergerud et. d. 1984) that contain lower
dengties of aternate prey (e.g., boreal ecotype
caribou in peatland complexes [James 1999];
some west-central Alberta winter ranges
[Alberta Environment, unpubl. data, D.
Hervieux, pers. comm.]). Various factors, such
as human intervention, can affect the
vulnerability of caribou to predation by
affecting caribou condition/behaviour or
predator abundance/behaviour. Caribou have
co-existed with wolves and other predators for
thousands of years, however, human dteraions
of ecological relationships have important
implications for the persistence of Woodland
Caribou in Alberta. Interactions between
predation and other factors such as habitat
ateration (timber harvesting, linear corridors,
dternate prey, etc.), human activity (recrestion,
road use, etc.), or weather are complex.

Predator control, be it direct (lethd) or indirect
(fertility control), is espoused by some as the
logica method for dtering predator abundance
sufficiently to allow for an improvement in
caribou survival and population growth.
Although survival and population growth of
ungulates may respond to predator control, the
results are not consstent, especidly in multiple
predator-prey systems (Committee on
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Management of Wolf and Bear Populations in
Alaska 1997). Furthermore, justification for
predator control is increasingly difficult to
achieve given changing societa values.

The following sections include discussons that
relate predator-caribou dynamics to other
limiting factors.

2. Habitat Loss and Alteration. - Woodland
Caribou require large tracts of old forest that
contain lichens. Natural or human-caused
disturbances can alter such habitat features
sgnificantly. Many biologists have postulated
that habitat loss is a mgor limiting factor for
caribou populations (Edwards 1954,
Bloomfield 1980a). However, Bergerud
(2983) found little support for a cause and
effect relationship between habitat loss and
population declines. True loss of caribou
habitat probably only occurs as a result of
permanent modifications of the habitat
associated with land-use conversion (e.g.,
forest to agricultural land, as has occurred in
the Deadwood caribou range; D. Moyles, pers.
comm.). If forests dtered by fires or logging
were dlowed to follow a natural successional
path, most habitat ‘loss’ would be better
defined adong a gradient of habitat alteration.
However, if regenerating forests are
subsequently scheduled for harvesting before
they reach an age at which they can sustain
lichens (and caribou), then habitat alteration
effectively becomes habitat |oss.

Large-scale habitat change as a result of
logging or fire has both direct and indirect
effects on caribou ecology. There is an
immediate loss of habitat if forests, and
associated lichens, are destroyed or
significantly reduced. Also, barriers to
movement through windfall and alteration of
snow cover characteristics may be created
(Kelsall et al. 1977, Davis and Franzmann
1979, Klein 1982, Schaefer and Pruitt Jr. 1991).



Subsequently in many areas, and as a part of
natural forest succession, there would be an
increase in deer, ek, and/or moose populations
that thrive on young regenerating forest. An
increase in other ungulates will lead to
increases in wolf numbers (i.e., a numerical
response) or changes in the distribution of
wolves (and possibly bears) which could lead
to increased predation rates on caribou (Seip
1992). James (1999) speculates that caribou
in northeastern Alberta may experience at least
an order of magnitude increase in predation
rates if other ungulates increase to levels that
provide a sufficient prey base to dlow wolves
to occupy caribou range year round. Bergerud
(1974) proposed that it was not the initid loss
or dteration of habitat that caused the decline
and range recesson of caribou in many aress
of North America, but rather the secondary
affects associated with overhunting and
increased predation.

Fire is the dominant force shaping the boreal
forest of Alberta (Rowe and Scotter 1973) and
has important implications for caribou
populations. In the short term, fire is
detrimental to caribou habitat, however, in the
long term fire may be required to alter
landscape vegetation characteristics, allowing
lichen biomass to be maintained or increased
(Scotter 1970, Schaefer and Pruitt Jr. 1991,
Thomas 1998). Conversdly, forestry activity
on caribou winter range in west-central Alberta
is thought to have negatively affected mountain
caribou populations (Bjorge 1984, Edmonds
and Bloomfield 1984, Edmonds 1988).
Through analysis of long-term data sets in
west-central Alberta, Smith et al. (2000)
documented reductions in herd distribution,
daily movement rates and individual winter
range sizes as timber harvesting progressed;
the avoidance of habitats fragmented by
logging caused caribou to concentrate in
unlogged portions of their winter range.
Ecological compression of caribou runs
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counter to their adaptive strategy of remaining
at low density within large range areas and
could result in increased predation. In the
absence of specific long-term habitat supply
plans which include annual allowable cut
accommodations, logging in west-central
Alberta will not alow for a suitable amount
and spatia distribution of appropriate forest
age classes on the landscape to permit long-
term caribou conservation (D. Hervieux, pers.
comm.). As outlined in current industry timber
planning submissions to Alberta Environment,
large volumes of timber covering large areas
will be harvested from west central caribou
ranges in the coming years and decades. There
is aso concern that commercia logging may
not be equivdent to wildfire in creating optimal
conditions for the renewd of lichen growth (D.
Hervieux, pers. comm.).

In the boreal regions of Alberta, timber
harvesting in black sprucef/larch forests is not
currently cost effective. Although caribou in
the peatlands of northern Alberta are not
currently at risk from large-scale forestry
operations in their habitat, they may be at risk
from indirect effects of timber harvesting in
upland areas adjacent to peatland complexes
(Note: Caribou in the Chinchaga area of
northern Alberta use commercid upland forest
during deep snow periods, Hornbeck and
Moyles 1995). Although the magnitude of
change is uncertain, the relationship between
timber harvesting in or near caribou range and
its subsequent effects on predator/caribou
dynamics has a strong theoretica basis (Seip
1992, Messier 1994, Cumming et al. 1996,
James 1999). Hypothesized increases in
moose, and subsequently wolves, following
fire or timber harvesting may not occur
depending on the amount and type of access
for human hunters following the disturbance
(Rempel et al. 1997). While the potential
effects of overlapping moose/wolf/caribou
habitat are ecologically intriguing, and



potentially very detrimental to Woodland
Caribou populations, there is little empirical
evidence to support or refute the proposed
relationships (Boer 1997).

Extensive oil and gas deposits underlie most
caribou ranges in Alberta. Very high leves of
petroleum and natural gas exploration and
development have taken place in most of
Alberta’s caribou management zones during
the last 10 to 20 years, and the extent and
intensity of this work has dramatically
accelerated in recent years (R. Woods pers.
comm.). In the Little Smoky range 48% of the
tota range area was covered by intensve and
overlapping industrial work (mostly “3-D”
seismic) in the winter of 1999-2000 (Alberta
Environment unpub. data). In the early winter
of 2000-2001, 54% of the Little Smoky range
area had smilar proposas for industria work;
current discussions between Alberta
Environment and proponents are atempting to
reduce this figure. With the exception of parts
of the Caribou Mountains and Bistcho caribou
ranges (Figure 1), subsurface minerd rights are
currently leased throughout most of the area
of al caribou ranges in the province (Alberta
Resource Development unpub. data). In west
central caribou ranges in particular, a large
number of land parcels have recently been
leased under the mineral sales process (D.
Hervieux, pers. comm.). The northern
peatlands also hold some of the best
horticultural peat in North America (eg., east
of Wabasca; G. Samide, pers. comm.);
extraction of this resource has begun.

Habitat supply is an obvious challenge for
caribou conservation in west central Alberta,
and gpplies to the bored region if the direct or
indirect effects of al industrial activity cause
caribou to avoid heavily developed areas (see
below). Resource extraction in the form of
forestry, petroleum and natural gas exploration
and production, mining (coal, peat and
potentially diamonds), and agricultural
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expansion al have the potentia to negatively
affect caribou in Alberta. The challenge for
caribou conservation is to maintain sufficient
guantities of suitable habitat through time
within each caribou range, and not unduly
increase predation pressure, in order to avoid
local extirpation of caribou populations.

3. Linear Corridors, Human Activity and
Effectson Predator Ecology. - Fragmentation
of habitat by linear corridors (i.e., pipelines,
roads, seismic lines, transmission corridors) or
forestry cutblocks may have a number of
effects on caribou movements, distribution, and
surviva. Corridors provide access for humans
and predators to penetrate vast tracts of
wilderness caribou range that formerly was not
eadly accessble. Licensed harvest of caribou
has not been alowed in Alberta since 1981.
The extent of caribou mortdity from hunting
by First Nation's, and non-licensed poaching,
is unknown and probably varies between aress.
Some small caribou groups northwest of
Manning are known to have been recently
eliminated because of hunting activity (D.
Moyles, pers. comm.). It has been suggested
that the lack of predictability in movements of
boreal ecotype caribou reduced the risks
associated with overhunting (Bradshaw and
Hebert 1996). While this may be true in a
natural situation, the current proliferation of
linear corridors associated with resource
extraction, together with the natural curiosity
of caribou, may compromise the survival
strategies of these animals. Improved access
into caribou range as a result of an expanding
network of linear corridors in addition to
expanding use of dl-terrain vehicles could lead
to increased legal and illegal hunting of
caribou. Careful planning and regulation of
access development within caribou range is
needed to minimize these risks.

Human use of linear corridors also has the
potential to increase traffic collisions with
Woodland Caribou. Vehicle collisions with



caribou have been problematic along a section
of Highway 40 (south of the town of Grande
Cache in west-centra Alberta) that bisects the
traditiona winter range of the A La Peche herd.
During the winters of 1991/92 and 1992/93, at
least 32 caribou were hit on this highway
resulting in 27 known caribou deaths (Brown
and Ross 1994) from an estimated total
population of 150 to 200 caribou (Brown and
Hobson 1998). A program of active deterrence
and monitoring may reduce collisions as only
one to four caribou are known to have died
annually in recent years on Highway 40
(Brown and Hobson 1998). However, in recent
years highway mortality may have been
reduced because most of the A La Peche
population has remained in the mountains
during winter, for unknown reasons (K. Smith,
pers comm.). With increasing road
infrastructure in caribou habitat, the potentia
exigts for collisons to increase in other areas
of the province.

Linear corridors or cutblocks may also affect
caribou population dynamics by altering the
movements and distribution of both predators
and prey and increasing predation pressure on
caribou. Caribou, other ungulates, and
omnivorous predators such as bears may be
atracted to the vegetation surrounding linear
corridors and well stes. Furthermore, wolves
make use of linear corridors as travel paths
(Thurber et d. 1994) and were found to travel
faster on corridors than in forest during winter
(James and Stuart-Smith 2000). Corridors
penetrating caribou habitat may thus alow for
a significant increase in encounter rates
between predators and caribou. In a recent
telemetry study in northeastern Alberta, the
mortality sites of radio-collared caribou that
died from wolf predation were significantly
closer to linear corridors than the locations of
caribou that were aive (James and Stuart-
Smith 2000).
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Disturbance, increased energy expenditure,
habitat alienation, and avoidance of human
activities, are issues of concern for caribou
ecology in relation to linear corridors.  Fuller
and Keith (1981) and Edmonds (1988, 1991)
have implicated petroleum exploration and
development as possible causes of decline of
caribou in Alberta. Caribou in northern Alberta
exposed to simulated elements of seismic
activity showed higher mean movement rates
and linear displacement relative to control
animds, but feeding patterns were not affected
by the disturbance (Bradshaw et al. 1997,
Bradshaw et a. 1998). Caribou behavioura
responses (displacement/avoidance) have been
demongtrated in ailfields in Alaska (Dau and
Cameron 1986, Murphy and Curatolo 1987,
Nellemann and Cameron 1996). Recently
completed work in northern Alberta is the first
study on Woodland Caribou that demonstrates
avoidance and barrier effects of industrial
infrastructure (Dyer 1999). GPS-collared
caribou avoided human developments to
varying degrees. Statistically significant
avoidance distances of 250 m (roads and
seismic lines) and up to 1000 m (wellsites)
were recorded. Using conservative estimates
of the gpatia didtribution of linear corridors in
several northern caribou ranges, one can
extrapolate the potential area of reduced
caribou use relative to human developments.
Based on an area of influence of 250 m, the
percentage of habitat affected in several
northern Alberta caribou ranges varies from
28% to 70% of tota range area (Table 3). This
avoidance will lead to effective increases in
caribou density and predictability of
distribution and therefore may contribute to
population declines because of increased
susceptibility to predation. Selamic lines were
not barriers to caribou movements, while roads
acted as semi-permeable barriers throughout
the year (Dyer 1999). Mountain caribou in
west central Alberta were aso found to avoid



indudtrid activities such as cutblocks (Smith et d.
2000) and roads (P. Oberg Graduate Thesis in
Prep.). Caribou may become habituated to certain
levels of human activity (Cronin et al. 1998),
although after two years of intense study
habituation has not been clearly demondtrated in
northern Alberta (Boreal Caribou Research
Program, unpubl. data). While behavioural
responsesto industrid activity and increased risk
of mortality associated with linear corridors have

been shown for caribou, population level
responses have yet to be conclusively
demongtrated (Bergerud et al. 1984, Cronin et
a. 1997). Except in extreme cases, a caribou
population response cannot be measured with
census techniques available in Alberta. Lack
of documentation on a caribou demographic
response must not be used as an excuse to
ignore the relationships that have been shown
between caribou and human devel opment.

Table3. Linear corridor density and percentage of range within 250 m of linesin six northern Alberta
caribou ranges. Note: dl types of linear corridors included (eg., roads, seismic lines,
pipdines, etc.). Edimates are conservative dueto difficulty in getting accurate/current deta.

Range Linear Corridor | % of Study Areawithin 250 m
Density (km/knv) of Linear Corridor

Caribou Mountains 0.7 27.9
Cold Lake 0.89 38.6
Wabasca 1.64 45.3

Red Earth 1.8 55.5

East Side of Athabasca River 2.04 51.9
Chinchaga 2.4 70.2

4. Weather and Climate. - Weather may be
congdered a limiting factor through a complex
set of interactions with caribou movements,
habitat use, energetics, reproduction and
survivd, and as it may affect the abundance or
distribution of other ungulates and predators.
While caribou are well adapted to winter,
conditions can develop that alter their
behaviour, reproduction and survival.
Bradshaw et al. (1997) found caribou
displacement from simulated elements of
seigmic activity to be sgnificantly less in a year
with degper snow accumulations, implying that
snow depth was affecting normal caribou
behavior. Also in response to deep or crusted
snow, caribou in Alberta have been shown to
reduce their daily rate of movement or use
habitats with dense stands of trees (Fuller and
Keith 1981, Bjorge 1984, Bradshaw et a. 1995,
Morton and Wynes 1997, Stuart-Smith et al.
1997, Schneider et a. 1999). In most years,
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winter conditions in Alberta are not likely to
negatively affect caribou condition, surviva or
reproduction. However, in winters with above
average snowfall and/or severe crusting,
caribou condition, reproduction and survival
may be compromised. Overwinter reductions
in weight are a norma phenomenon in many
northern hemisphere ungulates (Clutton-Brock
et a. 1982, Adamczewski et d. 1993, Gerhart
et a. 1996b). In addition to normal winter
stresses, caribou body condition may be further
reduced through movements to avoid extensve
human activity or through reduced food intake
Variations in weather patterns may also exist
over longer time and broader spatial scales.
Warming associated with global climate
change may alter habitat and caribou
population dynamics through increased
frequency/severity of forest fires, changes in
snow conditions, changes to forage type/
quality/abundance, and atered predator-prey



dynamics. Loss and/or change of Woodland
Caribou habitat resulting from atered climatic
regimes could potentially overshadow or
exacerbate changes associated with industrial
development. Such changes in landscape
parameters are currently being modeled for
caribou in Alberta and Ontario (M. Flannigan
and |. Thompson, pers. comm.).

STATUS DESIGNATIONS

1. Alberta. - Woodland Caribou in Alberta are
designated as ‘threatened’ under the Alberta
Wildlife Act. In 1991, Woodland Caribou were
put on the ‘Red List’ of at risk species in the
province (Alberta Fish and Wildlife 1991). In
1996, the species was moved to the ‘Blue List’
of may be at risk species in Alberta (Alberta
Wildlife Management Division 1996). This
redesignation was based on a re-evauation of
data that were more indicative of a ‘Blue’
ranking (G. Court, pers. comm.). No
distinction is made at the provincia level in
terms of status of different ecotypes. The
Natural Heritage Element Rarity Rank (The
Nature Conservancy 2000) for the mountain
and foothills populations of the Woodland
Caribou in Alberta is S2 (Alberta Natural
Heritage Information Centre 2000; see
Appendix 1 for explanation of ranks).

2. Other Areas. - The status of Woodland
Caribou varies consderably across its former
and current range. COSEWIC commissioned
an updated status report on Woodland Caribou
(Gray 1999) and re-evaluated their status in
May 2000. Ecozones or biogeographica units
recognized by COSEWIC were used to revise
the designation and status of Woodland
Caribou (Gray 1999). Of note in this recent
review was the reclassfication for the Atlantic
(Gaspésie) and most of the former western
population (COSEWIC 2000). COSEWIC
(2000) designates the Woodland Caribou in
Canada as follows. ‘extinct’ (Queen Charlotte
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Islands); ‘endangered’ (Atlantic [Gaspési€]);
‘threatened’ (the Boreal population: Alberta,
British Columbia, Manitoba, Northwest
Territories, Ontario, Saskatchewan; and the
Southern Mountain population: Alberta,
British Columbia); and ‘not at risk’
(Newfoundland and the Northern Mountain
populations in British Columbia, the Northwest
Territories and the Y ukon).

In addition to the federd COSEWIC listings,
some jurisdictions have their own status
designation system. Woodland Caribou in
Yukon and mogt of British Columbia have no
designated status and are managed on a herd
basis (Yukon Renewable Resources 1996,
Heard and Vagt 1998). Mountain ecotype
Woodland Caribou in southern British
Columbia have been designated by the B.C.
Conservation Data Centre as a ‘Blue-Listed’
species meaning the species is considered
vulnerable or sensitive and needing special
management to ensure its survival (Heard and
Vagt 1998). The mountain ecotype caribou in
Washington and Idaho was listed as
‘endangered’ in 1983 (U. S. Fish and Wildlife
Service 1998). No provincialy regulated
designation exists for Woodland Caribou east
of Alberta (exception: Gaspésie population).
The global Natural Heritage Element Rarity
Rank for the Woodland Caribou is G5T4 where
the T rank refers to rare subspecies, varieties,
or other recognized taxa below the species level
(The Nature Conservancy 2000).

RECENT MANAGEMENT IN
ALBERTA

Alberta is currently host to some of the most
extensive research and management of
Woodland Caribou in North America.
Research activities date back to the early 1970s,
but the mgority of work on caribou in northern
Alberta has occurred in the last 10 years.



1. Provincial Initiatives in Caribou
Conservation. - Recognition of the need for a
provincid management plan began in the late
1970s (Bloomfield 1980b). Since that time,
three provincid drategies have been devel oped
and shelved. The ‘Woodland Caribou
Provincial Restoration Plan’ (Edmonds 1986)
and the ‘Strategy for Conservation of
Woodland Caribou in Albertal (Alberta Fish
and Wildlife 1993) were drafted by the
provincia wildlife management agency. Few
recommendations from these reports were
adopted, and the 1993 management plan
received considerable criticism from
government agencies, public groups and
industry (Hervieux et a. 1996).

In November 1993, a multistakeholder
committee was formed to scope issues and
develop yet another provincial Woodland
Caribou conservation strategy. In July 1996,
the Alberta Woodland Caribou Conservation
Strategy Development Committee ddlivered a
report to the provincia Director of Wildlife
Management (Alberta Woodland Caribou
Conservation  Strategy  Development
Committee 1996). This conservation strategy
recommended a decision-making process,
identified information needs and management
tools, and proposed specific implementation
milestones. The goa was to develop a strategy
that would result in “healthy caribou
populations in perpetuity throughout Alberta's
caribou range’, including the removal of
Woodland Caribou from Alberta's endangered
species list, and eventual restoration of a
limited licensed hunting season. The 1996
conservation strategy has not been approved
by Alberta Environment. However, Alberta
Environment staff and a number of
stakeholders have used the strategy for
guidance in the planning and implementation
of resource management activities on
Woodland Caribou range (D. Culbert, pers.
comm.). The lack of endorsement of senior
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government officials has been viewed by some as
a lack of commitment to caribou conservation
efforts.

2. Regional Caribou Research and
Management Initiatives. - In the 1980s,
concerns about a lack of caribou conservation
measures  together  with  increasing
confrontations between government regulators
and industrial operators resulted in the
establishment of local or regional multi-
stakeholder committees. Creation of these
committees was facilitated by a provincial
government information letter (IL 91-17) that
stated ‘...industrial activity could occur on
caribou range provided that the integrity and
supply of habitat is maintained to permit its
use by caribou’ (Alberta Energy 1991, Alberta
Energy 1994, Alberta Energy 1996). While
this directive dedt primarily a the petroleum
and naturd gas indudtry, the ‘spirit’ of the letter
has been adopted by the committees for
application to all industries operating on
caribou range. This approach to managing
land-use activities has improved working
relationships in many cases and helped to
establish well-funded research programs
(Rippin et a. 1996, Dzus and Boutin 1998,
Hamilton and Edey 1998). The goal is to
establish a knowledge-based management plan
that will allow caribou conservation and
resource extraction on the same land base.
Although benefits are accrued by all
participants (Edey et al. 1998), all current
caribou/industry land-use guidelines continue
to be challenged annually by various
stakeholders. Current land use guidelines for
industrial activities on caribou range in
northern Alberta have been demongtrated to be
ineffective in terms of providing for long term
caribou conservation (Borea Caribou Research
Program 1999b). An attempt is being made to
revise these guidelines to incorporate
knowledge garnered through the research
programs(R. Woods, pers. comm.). Theultimate



suceess of this trandgtion from confrontation to
collaboration would be to conserve caribou
popul ations throughout their range in Alberta

3. Research and management in west-central
Alberta. - Hervieux et a. (1996) provided a
review of management activities with regards
to caribou conservation in west central Alberta
The West Central Alberta Caribou Standing
Committee (WCACSC) was formed in 1992.
As with amilar initiatives in northern Alberta
(see below), the committee’s primary goals
were to provide a forum for multi-stakeholder
communication and decision-making with
regard to industrial land-use guidelines that
would help conserve caribou in west central
Alberta. Operating guidelines for industrial
activity on caribou range were established in
1996 (West Centrd Alberta Caribou Standing
Committee 1996).

Because of direct conflict between caribou
habitat requirements and forestry activities in
west central Alberta, the Habitat Supply
Subcommittee of the WCACSC has an
important role in developing long term timber
management plans that will ensure sufficient
habitat for caribou on each range. To date this
subcommittee has been unable to reach
consensus on a unified approach to evaluate,
plan, or maintain habitat supply (D. Hervieux,
pers. comm.). Despite lack of progress on long
term habitat supply, there have been severd
management initiatives that show promise for
mitigating or reducing the effects of industrial
activity on caribou range in west-central
Alberta (D. Hervieux, pers. comm.).
Weyerhauser Canada (Grande Prairie and
Grande Cache) in collaboration with Alberta
Environment have established a new timber
planning system that abandons current
provincial and company timber harvesting
ground rules and current timber planning
procedures. Some of the new eements include:
edablishing long term targets for habitat qudlity,
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digribution and effective range area, considering
caribou habitat needs during ca culation of annual
alowable cut, large block harvesting within a
multiple entry system, and reducing road tenure
and standards. Despite considerable progress,
Alberta Environment and Weyerhauser have not
reached consensus on al points (D. Hervieux,
pers. comm.).

Throughout west central caribou ranges many
petroleum and natural gas companies have
largely accepted a “no all-weather roads
policy” to access new wdls. Many new wels
are being produced through remote metering
techniques, although sour gas, oil, water
infiltration, high pressure and other production
issues continue to make a broad achievement
problematic (D. Hervieux, pers. comm.). In
west central caribou ranges seismic activities
are conducted through either heli-portable or
low-impact techniques, with a January 15 to
April 30 no work window target.

4. Research and management in northern
Alberta. - The ecology of Woodland Caribou
(boreal ecotype) in northern Alberta remained
largely unknown until the early 1990s. In 1990,
the Pedigree Standing Committee was formed,
followed by the Northeast Regiona Standing
Committee on Woodland Caribou (NERSC)
in 1991, the Northwest Regional Standing
Committee on Woodland Caribou (NWRSCC)
in 1992, the Slave Lake Committee in 1993,
and the Red Earth Standing Committee on
Caribou in 1995. Similarities in caribou
ecology and management issues throughout
northern Alberta led to the merger in 1999 of
the former NERSC and NWRSCC into the
Boreal Caribou Committee (BCC). As with
the regional committee in west centrd Alberta,
an adaptive management strategy was
established and operating guidelines are
reviewed periodically (Northeast Regional
Standing Committee on Woodland Caribou 1997,
Northwest Regiona Standing Committee on



Woodland Caribou 1997). Aswith any adaptive
management approach, the guiddines currently in
placeareinterim. Theguideineshave been shown
to be ineffective a conserving caribou and ther
habitat (Boreal Caribou Research Program
1999b). In September 1999, following
completion of several research projects, a
comprehensive revison of landuse guidelines in
northern Alberta was initiated. It is hoped that
revised guiddines will incorporate knowledge
gained since the inception of NERSC and
NWRSCC and more clearly providefor long term
caribou conservation.

See Appendix 4 for more details on research
and management activities occurring in
Alberta

SYNTHESIS

Woodland Caribou were designated as a
‘threatened’ species in Alberta as a result of
reductions in distribution, declines in regional
populations and a threat of further population
declines associated with human activities. As
of July 1996, the provincial population was
estimated to be between 3600 and 6700
caribou. While population dynamics often
exhibit annual variation in surviva of adults
and juveniles, the trend for most caribou ranges
sudied in Alberta is one of decline. In some
cases the declines may be offset by periodic
years of high survival. However, juvenile
survival rates have been in a range whereby
statistical overestimates in calculating adult
aurvival (due to low sample Sze in some years)
may provide inappropriate optimism. The
longer-term  sustainability of caribou
populations in Alberta is uncertain given
rgpidly expanding human activities on and near
caribou range. The current extent of linear
developments has reduced habitat
effectiveness on 28% to 70% of the habitat in the
major northern caribou ranges assessed.
Reductions in industrid activity and associated
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human activity are not anticipated within Alberta's
caribou ranges in the foreseeable future.

The collaborative research and management
activities being undertaken by the various
regional standing committees have
dramatically increased our knowledge of
caribou ecology. It is now criticd to build our
knowledge base beyond basic ecology to better
understand the effects of indudtrid activity on
caribou and their habitat. Essentid studies are
now underway using GPS and GIS technology
to smultaneoudy evauate caribou and human
use on the same caribou range. We aso need
a better undergtanding of the effects of logging
on lichen ecology and predator-prey dynamics.
Synthesizing dl information on caribou ranges
in the form of cumulative effect assessments
is another essential element of ongoing
research programs. Innovative census
techniques need to be developed to enable
wildlife biologists to improve their estimates
of the size of caribou populations. Concurrent
with the aforementioned research projects,
periodic monitoring of caribou population
dynamics must continue on each caribou range.

Research done will not ensure the continuation
of Alberta's caribou populations; current land-
use guidelines must be reviewed, improved,
implemented, and adhered to. In some cases
guidelines have yet to be created to manage
certain aspects of industrial activity (e.g.,
silviculture for lichen regeneration, habitat
supply planning, cumulative effects assessment
and application, peat extraction, etc.). In areas
of west central Alberta, where caribou and
forestry companies are in direct competition
for the same land basg, it is essentid that long
term habitat supply issues are addressed.
Similarly in both northern and west central
ranges, the issue of habitat degradation resulting
from linear corridors needsto be addressed within
a habitat supply framework. As multiple land-
use activities are being conducted smultaneoudy



on the same land base, there must be better
coordination of operations among stakeholders.
Anobviousstep to minimizethedirect and indirect
effects of al types of indudtrid activities is to
minimize the size, digtribution, amount, standard,
and duration of linear corridors. Benchmark areas
should be given serious consderation within the
auite of land management dternatives. Some of
the biggest deterrentsto effective conservation lie
in the redm of government policy and industry
business practices. An independent audit of
policies and industrial practices relative to
caribou conservation is recommended as a way
to evaluate and develop more effective
management of caribou range.

Industria activity has been dlowed on caribou
range in Alberta “provided the integrity of the
habitat is maintained to support its use by
caribou” (Alberta Energy 1991). The current
distribution, intensity, amount and type of
human activity on and near caribou range, is
compromising the ‘integrity’ of caribou habitat.
To correct this situation the following actions
are needed: (1) develop and rigorously
implement land use guidelines that address
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research findings, these guidelines should dedl
with cumulative effects; (2) continue research
and monitoring programs, and review
government and industry policies and practices
which limit caribou conservation. New
information and constructive changes to
policies and practices must be applied as they
become available; (3) and cumulative effects
thresholds must be developed and incorporated
into management of caribou ranges as part of
a comprehensive strategy to integrate caribou
conservation and human activity on a common
land base. The collaborative approach to
conservation of Woodland Caribou has the
potential to be successful in terms of
maintaining caribou in perpetuity. However,
there must be 1) effective techniques for
managing factors influencing caribou and their
habitat, and 2) the will (political, societal,
business) to ensure such success.



LITERATURE CITED

ANHIC. 2000. Elementson the Tracking List.
Alberta Natural Heritage Information
Centre. URL: http://www.gov.ab.cal
env/parks/anhic/anhic.html [Revision
date: 9 May 2000].

Adamczewski, J. Z., C. C. Gates, R. J. Hudson,
and M. A. Price. 1987. Seasonal
changes in body composition of mature
female caribou and calves (Rangifer
tarandus groenlandicus) on an arctic
island with limited winter resources.
Can. J. Zool. 65:1149-57.

Adamczewski, J. Z., R. J. Hudson, and C. C.
Gates. 1993. Winter energy balance
and activity of femae caribou on Coats
Island, Northwest Territories: the
relative importance of foraging and
body reserves. Can. J. Zool. 71:1221-
29.

Adams, L. G., and B. W. Dale. 1998a.
Reproductive performance of femae
Alaskan caribou. J. Wildl. Manage.
62:1184-95.

Adams, L. G, and B. W. Dde. 1998b. Timing
and synchrony of parturition in Alaskan
caribou. J. Mammal.79:287-94.

Adams, L. G., B. W. Dde, and L. D. Mech.
1995. Wolf predation on caribou calves
in Denali National Park, Alaska. Pp.
245-260 in Ecology and conservation
of wolves in a changing world (L. N.
Carbyn, S. H. Fritts, and D. R. Seip,
eds). Canadian Circumpolar Ingtitute,
Edmonton, AB.

Alberta Energy. 1991. IL 91-17 Procedura
guide for oil and gas activity on caribou
range . Government of Alberta URL:

31

http://www.energy.gov.ab.ca/room/
updates/letters/1991/91-17.htm
[Revison date: 14 May 1998].

Alberta Energy. 1994. IL 94-29 Procedura
guide for oil and gas activity on caribou
range. Government of Alberta. URL:
http://www.energy.gov.ab.ca/room/
updates/letters/1994/94-29.htm
[Revison date: 14 May 1998].

Alberta Energy. 1996. IL 96-7 Procedura
guide for oil and gas activity on caribou
range. Government of Alberta. URL:
http://www.energy.gov.ab.ca/room/
updates/letters/1996/96-07.htm
[Revison date: 14 May 1998].

Alberta Fish and Wildlife. 1985. A policy for
the management of threatened wildlife
in Alberta.  Alberta Fish and Wildlife,
Edmonton, AB. 34 pp.

Alberta Fish and Wildlife. 1991. The status
of Alberta wildlife. Alberta Fish and
Wildlife, Edmonton, AB. 49 pp.

Alberta Fish and Wildlife. 1993. Strategy for
conservation of Woodland Caribou in
Alberta. Draft discussion paper,
Alberta Fish and Wildlife, Hinton, AB.

Alberta Wildlife Management Divison.  1996.
The status of Albertawildiife  Alberta
Environmental Protection, Natural

Resources Service, Wildlife
Management Divison, Edmonton, AB.
44 pp.

Alberta Woodland Caribou Conservation
Strategy Development Committee.
1996. Alberta’s Woodland Caribou
conservation Strategy. Prepared for the
Director of Wildlife Management
(Alberta Environmenta Protection) by



the Alberta Woodland Caribou
Conservation Development
Committee, Edmonton, AB. 58 pp.

Anderson, R. B. 1999. Peatland habitat use
and selection by Woodland Caribou
(Rangifer tarandus caribou) in northern
Alberta. M.Sc. Thesis, University of
Alberta, Edmonton, AB. 59 pp.

Balard, W. B. 1994. Effects of black bear
predation on caribou—a review. Alces
30:25-35.

Banfidld, A. W. F.  1977. The mammadls of
Canada. University of Toronto Press,
Toronto, ON. 438 pp.

Bechtd, R., A. R. B. Sanchez-Azofeifa, G.
Hamilton, J. Martin, and E. Dzus. 2000.
Habitat identification of collard caribou
GPS coordinates with Landsat TM
imagery. Unpubl. rept., Bored Caribou
Research Program, Edmonton, AB. 10

Pp.

Bergerud, A. T. 1974. Decline of caribou in
North America following settlement. J.
Wildl. Manage. 38:757-70.

Bergerud, A. T. 1980. A review of the
population dynamics of caribou and
wild reindeer in North America.  Pp.
556-581 in Proceedings of the second
international reindeer/caribou
symposum (E. Reimers, E. Gaare, and
S. Skjenneberg, eds.). Direktoratet for
vilt og ferskvannsfisk, Trondheim,
Norway.

Bergerud, A. T. 1983. The natura population
control of caribou. Pp. 14-61 in
Symposium on natural regulation of
wildlife populations. Proceedings of
the northwest section, the Wildlife

Society (F. L. Bunndl, D. S, Easman, and
J. M. Peek, eds). Forest, Wildlife and
Range Experiment Station, University of
Idaho, Moscow, ID.

Bergerud, A. T. 1988. Caribou, wolves and
man. Trends Ecol. Evol. 3:68-72.

Bergerud, A. T. 1992. Rareness as an
antipredator strategy to reduce
predation risk for moose and caribou.
Pp. 1008-21 in Wildlife 2001:
populations. (D. R. McCullough and
R. B. Barett, eds) Elsevier, London.

Bergerud, A. T., and R. E. Page. 1987.
Displacement and dispersion of
parturient caribou at calving as
antipredator tactics. Can. J. Zool.
65:1597-1606.

Bergerud, A. T., R. D. Jakimchuk, and D. R.
Carruthers. 1984. The buffalo of the
north: caribou (Rangifer tarandus) and
human developments. Arctic 37.7-22.

Bjorge, R. R. 1984. Winter habitat use by
Woodland Caribou in west central
Alberta, with implications for
management. Pp. 335-342 in Fish ad
wildlife relationships in old-growth
forests.  Proceedings of a symposium
(W. R. Meghan, T. R. Merrd Jr., and
T. A. Hanley, eds). American Indtitute
of Fishery Research Biologigts, Juneau,
AK. 425 pp.

Bloomfidld, M. 1980a. Closure of the caribou
hunting season in Alberta: management
of athreatened species. Alberta Energy
and Natural Resources, Fish and
Wildlife Divison, Edmonton, AB. 39

pp.

Bloomfield, M. 1980b. The impact of



development, settlement and associated
activities on mountain caribou in
central British Columbia, Canada.  Pp.
705-715 in Second international
reindeer/caribou symposium (E.
Reimers, E. Gaare, and S. Skjenneberg,
eds.). Direktoratet for vilt og
ferskvannsfisk, Trondheim, Norway.

Boer, A. H. 1997. Interspecific relationships.
Ecology and Management of the North
America Moose. First edition (A. W.
Franzmann and C. C. Schwartz, eds.)
Smithsonian  Institution  Press,
Washington, DC.

Boertje, R. D. 1984. Seasond diets of the
Dendi caribou herd, Alaska. Arctic 37:
161-65.

Boertje, R. D.,and C. L. Gardner. 1998. Factors
limiting the Fortymile caribou herd.
Alaska Department of Fish and Game,
Division of Wildlife Conservation,
Juneau, AK. 37 pp.

Boertje, R. D., P. Valkenburg, and M. E.
McNay. 1996. Increases in moose,
caribou and wolves following wolf
control in Alaska. J. Wildl. Manage.
60:474-489.

Boreal Caribou Research Program. 1998.
Research Summary. Unpubl. rept.
Boreal Caribou Research Program,
Edmonton, AB. 37 pp.

Boreal Caribou Research Program. 1999a.
Caribou conservation in working
landscapes. Unpublished Report.
Boreal Caribou Research Program,
Edmonton, AB. 5 pp.

Boreal Caribou Research Program. 1999b.
Research Summary. Unpublished

33

Report. Boreal Caribou Research
Program, Edmonton, AB. 37 pp.

Boutin, S. 1992. Predation and moose
population dynamics. a critique.
Journal of Wildlife Management
56:116-27.

Bradshaw, C. J. A. 1994. An assessment of
the effects of petroleum exploration on
Woodland Caribou (Rangifer tarandus
caribou) in northeastern Alberta. M.
Sc. Thesis, University of Alberta,
Edmonton, AB. 121 pp.

Bradshaw, C. J. A., and D. M. Hebert. 1996.
Woodland Caribou population decline
in Alberta: fact or fiction? Rangifer
Specia Issue No. 9:223-234.

Bradshaw, C. J. A., D. M. Hebert, A. B. Rippin,
and S. Boutin. 1995. Winter peatland
habitat selection by Woodland Caribou
in northeastern Alberta. Can. J. Zool.
73:1567-1574.

Bradshaw, C. J. A., S. Boutin, and D. M.
Hebert. 1997. Effects of petroleum
exploration on Woodland Caribou in
northeastern Alberta. J. Wildl.
Manage. 61:1127-1133.

Bradshaw, C. J. A., S. Boutin, and D. M.
Hebert. 1998. Energetic implications
of disturbance caused by petroleum
exploration to Woodland Caribou.
Can. J. Zool. 76:1319-1324.

Brown, W. K., and D. P. Hobson. 1998.
Caribou in west-central Alberta -
information review and synthesis.
Unpublished report prepared by
Terrestrial & Aquatic Environmental
Managers Ltd. for West-central Alberta
Caribou Standing Committee, Cagary,
AB. 108 pp.



Brown, W. K., and I. Ross. 1994. Caribou-
vehicle collisons a review of methods
to reduce caribou mortality on
Highway 40, west-central Alberta.
Prepared by Terrestrial and Aquatic
Environmental Managers Ltd. for
Alberta Environmenta Protection, Fish
and Wildlife Services and Alberta
Trangportation and Utilities, Research
and Development Branch, Calgary,
AB. 123 pp.

Brown, W. K., and J. B. Theberge. 1990. The
effect of extreme snowcover on
feeding-site selection by Woodland
Caribou. J. Wildl. Manage. 54:161-
168.

COSEWIC. 2000. Canadian species at risk.
Committee on the Status of
Endangered Wildlife in Canada. URL.:
http://www.cosewic.gc.ca [Revision
date: 13 July 2000].

Clutton-Brock, T. H., F. E. Guinness, and S.
D. Albon. 1982. Red Deer: behavior
and ecology of two sexes. The
University of Chicago Press, Chicago,
IL. 378 pp.

Committee on Management of Wolf and Bear
Populations in Alaska. 1997. Wolves,
bears and their prey in Alaska
biological and social challenges in

wildlife management.  National
Academy Press, Washington, DC. 207
PP

Couturier, S, J. Brunelle, D. Vanda, and G.
St-Martin.  1990. Changes in the
population dynamics of the George
River caribou herd, 1976-87. Arctic
43:9-20.

Couturier, S., R. Courtois, H. Crépeau, L.-P.

34

Rived, and S. Luttich. 1996. Caving
photocensus of the Riviere George
caribou herd and comparison with an
independent census. Rangifer Specid
Issue No. 9:283-96.

Créte, M., C. Barette, F. Boulanger, J. Ferron,
N. Fournier, J. Huot, J. Lamoureux, J.
Lévesque, and H. Ross. 1994. National
recovery plan for the Gaspesie caribou.
Report N0.9. Recovery of Nationally
Endangered Wildlife Committee,
Ottawa, ON. 18 pp.

Cronin, M. A., B. J. Pierson, S. R. N. L. E.
Johnson, and W. B. Ballard. 1997.
Caribou population density in the
Prudhoe Bay region of Alaska. J.
Wildl. Res. 2:59-68.

Cronin, M. A., S. C. Amstrup, G. M. Durner,
L. E. Nodl, T. L. McDondd, and W.
B. Bdlard. 1998. Caribou distribution
during the post-calving period in
rdation to infragtructure in the Prudhoe
Bay ail fidd, Alaska. Arctic 51:85-93.

Cumming, H. G. 1998. Status of Woodland
Caribou in Ontario: 1996. Rangifer
Special Issue No. 10:99-104.

Cumming, H. G., and D. B. Beange. 1993.
Survival of Woodland Caribou in
commercid forests of northern Ontario.
Fores. Chron. 69:579-88.

Cumming, H. G,, D. B. Beange, and G. Lavoie.
1996. Habitat partitioning between
Woodland Caribou and Moose in
Ontario: the potentia role of shared
predation. Rangifer Specia Issue No.
9:81-94.

Darby, W. R., and W. O. Pruitt Jr. 1984.
Habitat use, movements and grouping



behaviour of Woodland Caribou Rangifer
tarandus caribou, in southeastern
Manitoba. Can. Fidd-Natur. 98:184-90.

Daby, W. R., H. R. Timmermann, J. B. Snider,
K. F. Abraham, R. A. Stephanski, and
C. A. Johnson. 1989. Woodland
Caribou in Ontario: background to
policy. Ontario Ministry of Natural
Resources, Ottawa, ON. 38 pp.

Dau, J. R., and R. D. Cameron. 1986. Effects
of aroad system on caribou distribution
during caving. Rangifer Specid Issue
No.1:95-101.

Dauphine Jr., T. C. 1976. Biology of the
Kaminuriak population of Barren-
Ground caribou. Part 4: Growth,
reproduction and energy reserves.
Minister of Supply and Services,
Ottawa, ON. 69 pp.

Davis, J. J., P. Vakenburg, and D. J. Reed.
1988. Mortdlity of Delta Herd caribou
to 24 months of age. Pp. 38-51 in
Reproduction and calf survival.
Proceedings of the 3rd North American
Caribou Workshop (R. Cameron and
J L. Davis, eds). Alaska Department
of Fish and Game, Juneau, AK.

Davis, J. L., and A. W. Franzmann. 1979. Fire-
moose-caribou interrelationships: a
review and assessment . Proceedings
of the North American Moose
Conference Workshop 15:80-118.

Dyer, S. J. 1999. Movement and distribution
of Woodland Caribou (Rangifer
tarandus caribou) in response to
industriadl development in northeastern
Alberta. M. Sc. Thesis, University of
Alberta, Edmonton, AB. 106 pp.

Dzus, E. H., and S. Boutin. 1998. Solving

35

Woodland Caribou conservation
problems through partnerships: the
NERSC case study. Pp. 83-88 in
Proceedings of the technical papers
presented at the 79th annual meeting
of the Canadian Woodlands Forum
(Anonymous, eds.). Canadian Pulp and
Paper Association, Montreal, QC.

Edey, C. E., B. Rippin, and E. Dzus. 1998. An
industry-government partnership for
caribou conservation in northern
Alberta. Pp. 569-576 in Linking
protected areas with working
landscapes conserving biodiversity.
Proceedings of the Third International
Conference on Science and the
Management of Protected Areas (N. W.
P. Munro and J. H. M. Willison, eds.).
SAMPAA, Woalfville, NS.

Edmonds, E. J. 1986. Draft Woodland Caribou
provincial restoration plan. Unpubl.
report. Alberta Fish and Wildlife,
Edmonton, AB. 74 pp.

Edmonds, E. J. 1988. Population status,
distribution, and movements of
Woodland Caribou in west central
Alberta. Can. J. Zool. 66:817-826.

Edmonds, E. J. 1991. Status of Woodland
Caribou in western North America
Rangifer Specia Issue No.7:91-107.

Edmonds, E. J., and K. G. Smith. 1991.
Mountain caribou calf production and
survival, and calving and summer
habitat use in west-central Alberta.
Wildlife Research Series No. 4,
Alberta Fish and Wildlife Division,
Edmonton, AB. 16 pp.

Edmonds, E. J., and M. Bloomfield. 1984. A
study of Woodland Caribou (Rangifer



tarandus caribou) in west centra Alberta,
1979 to 1983. Alberta Energy and
Natural Resources, Fish and Wildlife
Divison, Edmonton, AB. 203 pp.

Edwards, R. Y. 1954. Fire and the decline of
a mountain caribou herd. J. Wildl.
Manage. 18:521-596.

D. L., B. Snider, and H. R.
Timmermann. 1976. Woodland
Caribou and plant communities on the
slate islands, Lake Superior. Can.
Field-Natur. 90:17-21.

Euler,

Fancy, S. G.,, and R. G. White. 1985. The
incremental cost of activity. Pp. 143
59 in Bioenergetics of wild herbivores
(R. J. Hudson and R. G. White, eds.).
CRC Press, Boca Raton, FL.

Farndl, R., R. Florkiewicz, G. Kuzyk, and K.
Egli. 1998. The status of Rangifer
tarandus caribou in Yukon, Canada.
Rangifer Specia Issue No. 10:131-37.

Ferguson, A. D., and L. Gauthier. 1992. Status
and trends of Rangifer tarandus and
Ovibos moschatus populations in
Canada. Rangifer 12:127-141.

Fuller, T.K.,and L. B. Keith. 1981. Woodland
Caribou population dynamics in
northeastern Alberta. J. Wildl.
Manage. 45:197-213.

Gaillard, J-M., M. Festa-Bianchet, and N. G.
Yoccoz. 1998. Population dynamics
of large herbivores: variable
recruitment with constant adult
aurviva. Trends Ecol. Evol. 13:58-63.

Gerhart, K. L., R. G. White, R. D. Cameron,
and D. E. Russl. 1996a. Growth and
body composition of arctic caribou.

36

Rangifer 16:393-394.

Gerhart, K. L., R. G. White, R. D. Cameron,
and D. E. Russell. 1996b. Body
composition and nutrient reserves of
arctic caribou. Can. J. Zool. 74:136-
146.

Gray, D. R. 1999. Updated status report on the
Woodland Caribou (caribou des bois)
Rangifer tarandus dawsoni and
Rangifer tarandus caribou in Canada.
Prepared for the Committee on the
Status of Endangered Wildlife in
Canada, Ottawa, ON. 36 pp.

Hamilton, G. D., and C. Edey. 1998. The
Northeast Region Standing Committee
on Woodland Caribou (NERSC): an
example of a co-operative management
partnership. Rangifer Specia Issue
10:231-234.

Hatler, D. F. 1986. Studies of radio-collared
caribou in the Spatszi Wilderness Park
area, British Columbia, 1980-1984.
Report No. 3. Spatsizi Association for
Biological Research, British Columbia
178 pp.

Hatter, I. W., and W. A. Bergerud. 1991.
Moose recruitment, adult mortality and
rate of change. Alces 27:65-73.

Heard, D. C.,, and K. L. Vagt. 1998. Caribou
in British Columbia: a 1996 status
report. Rangifer Special Issue No.
10:117-123.

Hearn, B. J, S. N. Luttich, M. Créte, and M.
B. Berger. 1990. Survivd of radio-
collared caribou (Rangifer tarandus
caribou) from the George River herd,
Nouveau-Quebec — Labrador. Can. J.
Zool. 68: 276-283.




Hervieux, D., J. Edmonds, R. Bonar, and J.
McCammon. 1996. Successful and
unsuccessful attempts to resolve
caribou management and timber
harvesting issues in west central
Alberta. Rangifer Special Issue No.
9:185-190.

Hornbeck, G. E., and D. L. J. Moyles. 1995.
Ecological aspects of Woodland
Caribou in the Pedigree area of
northwestern Alberta Members of the
Pedigree Caribou Standing Committee,
Cdgary, AB. 66 pp.

James, A. R. C. 1999. Effects of industria
development on the predator-prey
relationship between wolves and
caribou in northeagtern Alberta. Ph. D.
Dissertation, University of Alberta,
Edmonton, AB. 77 pp.

James, A. R. C., and A. K. Stuart-Smith. 2000.
Digtribution of caribou and wolves in
relation to linear corridors. Journa of
Wildlife Management 64:154-159.

Johnson, C. 1993. Woodland Caribou in

Manitoba. Manitoba  Natural
Resources, Wildlife Branch, Winnipeg,
MN. 44 pp.

Kesdl, J. P. 1984. Status report on Woodland
Caribou, Rangifer tarandus dawsonii
and Rangifer tarandus caribou, in
Canada, in 1982. Committee on the
Status of the Endangered Wildlife in
Canada, Canadian Wildlife Service,
Ottawa, ON. 103 pp.

Kdddl, J P, E. S. Tdfer, and Wright Thomas
D. 1977. The effects of fire on the
ecology of the boreal forest, with
particular referenceto the Canadian north:

37

a review and selected bibliography.
Occasional Paper Number 32, Canadian
Wildlife Service, Edmonton, AB. 56 pp.

Klein, D. R. 1982. Fire, lichens, and caribou.
J. Range Manage. 35:390-395.

Klein, D. R. 1992. Comparative ecologica
and behavioral adaptations of Ovibos
moschatus and Rangifer tarandus.
Rangifer 12:47-55.

Klein, D. R. M. M., and S. G. Fancy. 1987.
Factors determining leg length in
Rangifer tarandus. J. Mammal.
68:642-655.

Kranrod, K. A. 1996. Effects of timber
harvesting methods on terrestrial
lichens and understory plants in west-
central Alberta. M. Sc. Thesis,
University of Alberta, Edmonton, AB.
138 pp.

Mahoney, S. P., H. Abbott, L. H. Russdl, and
R. Porter. 1990. Woodland Caribou
cdf mortaity in insular Newfoundland.
International Union of Game Biology
19:592-599.

Mahoney, S. P., J. A. Virgl, D. W. Fong, A.
M. MacCharles, and M. McGrath.
1998. Evduation of a mark-resighting
technique for Woodland Caribou in
Newfoundland. J. Wildl. Manage.
62:1227-1235.

Messer, F. 1991. The sgnificance of limiting
factors and regulating factors on the
demography of Moose and White-
talled Deer. J. Anim. Ecol. 60:377-393.

Messer, F. 1994. Ungulate population models
with predation: a case study with the
North American Moose. Ecology



75:478-488.

Miller, F. L. 1993. Caribou. Canadian
Wildlife Service: Hinterland Who's
Who. URL: http://www.cws-
scf.ec.gc.ca/hww-fap/caribou/
caribou.html  [Revision date: 20
December 1999].

Morton, K., and B. Wynes. 1997. Progress
Report prepared for the North West
Region Standing Committee for
Caribou (NWRSCC). Unpubl. rept.
Peace River, AB. 45 pp.

Murphy, S. M., and J. A. Curatolo. 1987.
Acitvity budgets and movement rates
of caribou encountering pipelines,
roads, and traffic in northern Alaska
Can. J. Zool. 65:2483-2490.

Nationa Research Council. 1995. Science and
the Endangered Species Act. National
Academy Press, Washington, DC. 271

Pp.

Nellemann, C., and R. D. Cameron. 1996.
Effects of petroleum development on
terrain preferences of caving caribou.
Arctic 49:23-28.

Northeast Regional Standing Committee on
Woodland Caribou. 1997. Land use
strategies for industria activity in key
caribou areas of the northeast boreal
region for 1997/98. As approved by
Alberta Environmental Protection,
Northeast Boreal Region
Environmental Resource Committee,
Lac LaBiche, AB. 13 pp.

Northwest Regional Standing Committee on
Woodland Caribou. 1997. Operating
guiddinesfor indudtrid activity in caribou
rangesin northwest Alberta. NWRSCC,

38

Peace River, AB. 10 pp.

Pollock, K. H., S. R. Winterstein, C. M. Bunck,
and P. D. Curtis. 1989. Survival
analysis in telemetry studies:. the
staggered entry design. J. Wildl.
Manage. 53:7-15.

Rempd, R. S, P. C. Elkie, A. R. Rodgers, and
M. J. Gluck. 1997. Timber-
management and natural-disturbance
effects on moose habitat: landscape
evduation. J. Wildl. Manage. 61:517-
524.

Rettie, W. J,, and F. Messier. 1998. Dynamics
of Woodland Caribou populations at
the southern limit of their range in
Saskatchewan. Can. J. Zoal. 76: 251-
259.

Rettie, W. J., and F. Messier. 2000.
Hierarchical habitat selection by
Woodland Caribou: its relationship to
limiting factors. Ecography 23: in
press.

Rettie, J., T. Rock, and F. Messier. 1998.
Status of Woodland Caribou in
Saskatchewan. Rangifer Specid Issue
No. 10:105-109.

Rippin, B., C. Edey, D. M. Hebert, and J.
Kneteman. 1996. A cooperative

industry-government Woodland
Caribou research program in
northeastern Alberta. Rangifer : 181-
184.

Robbins, C. T. 1983. Wildlife feeding and
nutrition. Academic Press, New York,
NY. 343 pp.

Rowe, J. S,, and G. W. Scotter. 1973. Firein
the bored forest. Quatern. Res. 3:444-
464.



Schaefer, J. 1997a. Aeria census of Mealy
Mountain caribou, March 1997.
Department of Forest Resources and
Agrifoods, Wildlife Division, Goose
Bay, Labrador. 11 pp.

Schaefer, J. 1997b. Red Wine caribou aeria
census, January 1997. Department of
Forest Resources and Agrifoods,
Wildlife Division, Goose Bay,
Labrador. 11 pp.

Schaefer, J. A., and W. O. Pruitt Jr. 1991. Fire
and Woodland Caribou in southeastern
Manitoba. Wildl. Monogr. 116:1-39.

Schneider, R. R., B. Wynes, S. Wasdl, and E.
Dzus. 1999. Rate of movement of
caribou in northern Alberta relative to
snow depth and time of year. Unpubl.
rept. Boreal Caribou Research
Program, Edmonton, AB. 13 pp.

Schneider, R. R, B. Wynes, S. Wasd, E. Dzus,
and M. Hiltz. 2000. Habitat use by
caribou in northern Alberta, Canada.
Rangifer 20:43-50.

Scotter, George W. 1970. Wildfiresin relation
to the habitat of Barren-ground Caribou
in the taiga of northern Canada. Pp.
85-105 in Proceedings of the tenth
annual tall timbers fire ecology
conference. Florida State University,
Tallahassee, FL.

Seip, D. R. 1991.
populations.
No. 7:46-52.

Predation and caribou
Rangifer Special Issue

Sap, D. R. 1992. Factors limiting Woodland
Caribou populations and their
interrel ationships with wolves and moose
in southeastern British Columbia. Can. J.

39

Zool. 20:1494-1503.

Simpson, K., G. P. Woods, and K. B. Herbert.
1985. Critical habitats of caribou
(Rangifer tarandus caribou) in the
mountains of southern British
Columbia. Caribou management
census techniques status in eastern
Canada. Proceedings of the second
North American caribou workshop (T.
C. Meredith, A. M. Martell, and T. R.
Moore, eds.). Centre for northern
studies and research, McGill
University, Montreal, QC.

Sinclair, A. R. E. 1989. Population regulation
in animas. Pp. 197-241 in Ecologica
concepts. the contribution of ecology
to an understanding of the naturd world
(J. M. Cherrett, ed.) Blackwell
Scientific Publications, Oxford, UK.

Smith, K.G., E. Janet Ficht, D. Hobson, T.
Sorensen, and D. Hervieux. 2000.
Winter distribution of woodland
caribou in relation to clear-cut logging
in west-central Alberta. Can. J.
Z00l.78:1433-1440.

Soper, J. D. 1964. The mammals of Alberta.
The Hamly Press Ltd., Edmonton, AB.
410 pp.

Soper, J. D. 1970. The mammals of Jasper
Nationa Park, Alberta. Department of
Indian Affairs and Northern
Development, Ottawa, ON. 80 pp.

Sted, R.G.D. and JH. Torrie. 1980. Principles
and procedures of statistices. a
biometrical approach. Second Edition.
McGraw-Hill Company. Toronto.
633pp.

Stepaniuk, D. W. 1997. Planning for
Woodland Caribou winter habitat
needs in west-central Alberta. M. Sc.



Thesis, University of
Edmonton, AB. 126 pp.

Alberta,

Stephenson, R. O., D. V. Grangaard, and J.
Burch. 1991. Lynx, Felis lynx,
predation on Red Foxes, Vulpes
vulpes, caribou, Rangifer tarandus, and
Ddl sheep, Ovis ddli, in Alaska. Can.
Field-Natur. 105:255-262.

Stuart-Smith, A. K., C. J. A. Bradshaw, S.
Boutin, D. M. Hebert, and A. B.
Rippin. 1997. Woodland Caribou
relative to landscape patterns in
northeastern Alberta. J. Wildl.
Manage. 61:622-633.

Tdfer, E. S, and J. P. Kelsall. 1984. Adaption
of some large North American
mammals for survival in snow.
Ecology 65:1828-1834.

The Nature Conservancy. 2000. The Natura
Heritage Network. URL: http://
www.heritage.tnc.org/index.html
[Accessed: 11 August 2000].

Thomeas, D. C. 1995. A review of wolf-caribou
relationships and conservation
implications in Canada. Pp. 261-607
in Ecology and consarvation of wolves
in a changing world (L. N. Carbyn, S.
H. Fritts, and D. R. Seip, eds.).

Canadian Circumpolar Institute,
Edmonton, AB.
Thomas, D. C. 1998. Fire-caribou

relationships: the Beverly herd.
Canadian Wildlife Service, Edmonton,
AB. 912 pp.

Thomas, D. C., and H. J. Armbruster. 1996.
Woodland Caribou habitat studies in
Saskatchewan: second annual report

40

including some preliminary
recommendations. Environment
Canada - Environment Conservation
Ecological Research - Canadian
Wildlife Service, Edmonton, AB.

Thomas, D. C., E. J. Edmonds, and W. K.
Brown. 1996. The diet of Woodland
Caribou populations in west-central
Alberta Rangifer Specid Issue 9:337-
342.

Thurber, J. M., R. O. Peterson, and T.D. T. S.
A. Drummer. 1994. Gray wolf
response to refuge boundaries and
roads in Alaska. Wildl. Soc. Bull.
22:61-68.

U. S. Fish and Wildlife Service. 1998. U. S.
listed mammal species profiles 1. U.
S. Fish and Wildlife Service, Division
of Endangered Species. URL: http:/
www.fws.gov/r9endspp/

mammalsl.html#Lnk7u [Revision
date: 28 Feb. 1999].

Washington Department of Fish and Wildlife.
1997. Wildlife research: mountain
caribou recovery. Washington
Department of Fish and Wildlife.
URL: http://www.wa.gov/wdfw/wlm/
research/caribou/caribou.htm

[Revison date: 27 August 1997].

Watson, A., and R. Moss. 1970. Dominance,
spacing behaviour and aggression in
relation to population limitation in
vertebrates. Pp. 167-220 in Animal
populations in relation to their food
supply (A. Watson, ed.). Blackwell
Scientific Publications, Oxford, UK.

West Central Alberta Caribou Standing
Committee. 1996. 1996/97 operating
guiddines for indudtrid activity in west



central Albertaa WCACSC, Grande
Prairie, AB. 14 pp.

White, R. G., F. L. Bunnéll, E. Gaare, Skogland
T., and B. Hubert. 1981. Ungulates
on arcticranges. Pp. 397-483 inTundra
ecosystems. a comparative anaysis (L.
C. Bliss, O. W. Hed, and J. J. Moore,
eds.) Cambridge Univ. Press,
Cambridge, UK.

Whitten, K. R., G. W. Garner, F. J. Mauer, and
R.B. Harris. 1992. Productivity and early
cdf survivd inthe Porcupine caribou herd.

41

J. Wildl. Manage. 56: 201-212.

Y ukon Renewable Resources. 1996. Woodland
Caribou: management guidelines.
Yukon Department of Renewable
Resources, Whitehorse, YK. 8 pp.



APPENDIX 1. Definitions of selected legal and protective designations.

A. Status of Alberta Wildlife colour lists (after Alberta Wildlife Management Division 1996)

Red Current knowledge suggests that these species are at risk. These species have
declined, or arein immediate danger of declining, to a nonviable population size.

Blue Current knowledge suggests that these species may be at risk. These species have
undergone non-cyclical declines in population or habitat, or reductions in provincial
distribution.

Yellow Species that are not currently at risk, but may require special management to address
concerns related to naturally low populations, limited provincial distributions, or
demographic/life history features that make them vulnerable to human-related changes
in the environment.

Green Species not considered to be at risk. Populations are stable and key habitats are
generally secure.

Undetermined Species not known to be at risk, but insufficient information is available to determine
status.

B. Alberta Wildlife Act

Species designated as ‘ endangered’ under the Alberta Wildlife Act include those defined as ‘ endangered’ or
‘threatened’ by A Policy for the Management of Threatened Wildlife in Alberta (Alberta Fish and Wildlife 1985):

Endangered

A species whose present existence in Albertaisin danger of extinction within the next decade.

Threatened

A speciesthat islikely to become endangered if the factors causing its vulnerability are not
reversed.

C. Committee

on the Status of Endangered Wildlife in Canada (after COSEWIC 2000)

Extinct A wildlife species that no longer exists.

Extirpated A wildlife species that no longer exists in the wild in Canada, but exists elsewhere in
the wild.

Endangered A wildlife species that is facing imminent extirpation or extinction.

Threatened A wildlife species that is likely to become an endangered species if nothing is done to

reverse the factors leading to its extirpation or extinction.

Special Concern A wildlife species of special concern because it is particularly sensitive to human

(Vulnerable) activities or natural events, but does not include an extirpated, endangered or threatened
species.

Not at Risk A wildlife species that has been evaluated and found to be not at risk.

Indeterminate

A species for which there is insufficient scientific information to support status
designations.

D. United States Endangered Species Act (after National Research Council 1995)

Endangered | Any species which isin danger of extinction throughout all or a significant portion of its
range.

Threatened | Any species which islikely to become an endangered species within the foreseeable future
throughout all or a significant portion of its range.
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. Natural Heritage Element Rarity Ranks (after The Nature Conservancy 2000)

Gl/s1

Critically Imperiled: Critically imperiled globally because of extreme rarity or because of
some factor(s) making it especially vulnerable to extinction. Typically 5 or fewer occurrences
or very few remaining individuals (<1,000) or acres (<2,000) or linear miles (<10).

G2/ 32

Imperiled: Imperiled globally because of rarity or because of some factor(s) making it very
vulnerable to extinction or elimination. Typically 6 to 20 occurrences or few remaining
individuals (1,000 to 3,000) or acres (2,000 to 10,000) or linear miles (10 to 50).

G3/S3

Vulnerable Vulnerable globally either because very rare and local throughout its range, found
only in arestricted range (even if abundant at some locations), or because of other factors
making it vulnerable to extinction or elimination. Typically 21 to 100 occurrences or between
3,000 and 10,000 individuals.

G4/ A

Apparently Secure: Uncommon but not rare (although it may be rare in parts of its range,
particularly on the periphery), and usually widespread. Apparently not vulnerable in most of its
range, but possibly cause for long-term concern. Typically more than 100 occurrences and more
than 10,000 individuals.

G5/S5

Secure: Common, widespread, and abundant (although it may be rare in parts of its range,
particularly on the periphery). Not vulnerable in most of its range. Typically with considerably
more than 100 occurrences and more than 10,000 individuals.

B - A rank modifier indicating breeding status for a migratory species.
N - A rank modifier indicating non-breeding status of a migratory species.
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APPENDIX 2. Movement of Individual Caribou between Ranges

1. West Central Alberta
The four caribou ranges in West Central Alberta (Narraway, Redrock/Prairie Creek, Little Smoky
and A La Peche) are believed to contain four separate/non intermixing caribou populations.

During the period 1980 to 2000, in excess of 150 caribou have been radio collared in west-central
Alberta.  Collars have been put out in dl four caribou ranges. Over the twenty years of record only
one ingtance of possible movement (by one individual) between caribou ranges was observed; in
the early 1980's one male caribou moved from the Redrock/Prairie Creek range to summer and then
winter in the mountains of south Willmore park. This area is conddered summer range of the A La
Peche population. There are no other observations of radio collared animas moving between any
West Centrd ranges. All four west-central caribou populations are known to have widely separated
and digtinct breeding areas.

2. Northern Alberta

Over the course of the last decade, in excess of 300 individua caribou have been radio collared in
Northern Alberta. Caribou have been radio collared in most of the identified caribou ranges. No
movement of caribou has been observed between the Caribou Mountains and any other range.
Similarly, no movement of caribou has been recorded between Red Earth and any other range.
Limited movement has been observed between west side of the Athabasca and east side of the
Athabasca; three radio collared animals crossed the Athabasca river. There have been no recorded
movement of caribou between the east side of the Athabasca and the Cold Lake Air Weapons
caribou range. There is no record of caribou movement out of or into Chinchaga, Deadwood or
Hotchkiss caribou ranges. As well there is no record of caribou movement in or out of the Save
Lake range.

With the exception of west Sde and east side of the Athabasca, dl of the caribou ranges in Northern
Alberta appear to be separate /non intermixing caribou populations.

Source: B. Wynes and J. Ficht, pers. comm.



APPENDIX 3. Reationship between exponential rate of increase (r) and percentage change in
population at 10 years.
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APPENDIX 4. Recent and Ongoing Research Activities Involving Woodland Caribou and Their

Habitat in Alberta

As of 1998 a research strategy was approved by the Research Subcommittee of the WCACSC.
Until recently, research in west-central Alberta has been conducted by government agencies and
individual companies. Studies have included:

Preparation of a summary of knowledge of caribou ecology to date in west-central Alberta
(Brown and Hobson 1998);

Annua surveys of caribou to monitor population characteristics on al ranges (Edmonds 1988,
Edmonds and Smith 1991);

Radio telemetry studies are ongoing on al west-central caribou ranges (1995 to present);

A caribou sghting card system is aso administered by Alberta Environment (1983 to present)
with data being entered in the Biodiversity Species Observation Database;

Telemetry studies on winter range and evaluating habitat use versus availability and caribou
response to timber harvest on the Redrock/Prairie Creek range (sporadically since 1982; Smith
et a., 2000);

A sudy of winter habitat use on Redrock/Prairie Creek range and also evauated government
policies that may be conflicting with caribou conservation objectives (Stepaniuk 1997);

An examination of the effects of timber harvest on lichens and understory plants on the A la
Peche range (1994 to present; see (Kranrod 1996);

An examination of the effects of timber thinning on lichen growth on the A la Peche range
(1997 to present; D. Vitt and E. Pharo, pers. comm.);

A study using GPS—collared caribou in the Redrock/Prairie Creek range to gain a more
detailed understanding of movements and habitat use (September 1998 to present; C. Rohner,
pers. comm.);

A ‘caribou cowboy/girl’ program to reduce collisons with caribou on Highway 40 between
Hinton and Grande Cache during the early winter snowfall period (1992 to present);

An investigation of caribou-vehicle collisions and potential mitigative methods (K. Brown,
pers. comm.);

Monitoring of spring and fal movements of caribou over Caw Ridge (1989 to present) to
evauate mitigative measures that would alow an active coal mining operation through a
mitigation corridor (RRCS 1994, Sopuk et al. 1997ab as cited by Brown and Hobson 1998);

Individual-based and spatially explicit caribou model for population viability ananlysis and
cumulative effects assessment (C. Rohner, pers. comm.).
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= A study investigating predation risk by wolves in relation to development was initiated in
1999 (G. Kuzyk, pers. comm.).

The Northeast and Northwest Standing Committees on Woodland Caribou initiated studies of
population dynamics, movements, distribution, habitat use and the effects of access and
disturbance in their respective regions during the early 1990's. It was decided in 1996 that the
ecology of caribou and the general characteristics of industrial activity on caribou range
(primarily oil & natural gas) in northern Alberta were smilar enough to formdize a collaborative
research initiative. In July 1996, the Bored Caribou Research Program (BCRP) was formed (see
http://www.deer.rr.ua berta.cal/caribou/berp.htm). The following projects are ongoing or have
been recently completed by BCRP researchers in northern Alberta

= Since 1992 more than 300 caribou have been captured and radio-collared; regular monitoring
of continues on five broad study areas (Boread Caribou Research Program 1998, 1999, Dzus
et d. in prep., Morton and Wynes 1997, and Stuart-Smith et a. 1997);

= Use of gghting cards similar to that in west-central Alberta;
= Examination of habitat use by caribou in peatlands (Anderson 1999, Bradshaw et al. 1995)

= |dentification of habitat by GPS-collared caribou usng Landsat TM imagery (Bechtd et a.
2000);

= Examination of habitat use in relation to recent fires (BOREAL CARIBOU RESEARCH
PROGRAM, unpubl. data);

= Examination of moose/caribou/wolf interactions on the Wabasca and Agnes ranges from
1994 to 1997 (James 1999, James and Stuart-Smith 2000);

* |nvedtigation of the response of caribou to smulated elements of seismic activity (Bradshaw
1994, Bradshaw et a. 1997, Bradshaw et al. 1998);

= Examination of surviva of caribou and use of linear corridors by caribou and wolves (James
and Stuart-Smith 2000);

» Investigation of survival of caribou in relation to differing densties of linear corridors;

= Survivd of caribou in an area of restricted human access is being investigated on the Cold
Lake Air Weapons Range;

= A simultaneous investigation of caribou and human use of the Wabasca area (Dyer 1999),
and,;

= Examination of the cumulative effects of industria activity on Woodland Caribou in the
Wabasca range.  This study will be the primary focus of BCRP research in the next four
years.
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List of Titlesin ThisSeries
(as of January 2001)

Status of the Piping Plover (Charadrius melodus) in Alberta, by David R. C. Prescott. 19 pp. (1997)

Status of the Wolverine (Gulo gulo) in Alberta, by Stephen Petersen. 17 pp. (1997)

Status of the Northern Long-eared Bat (Myotis septentrionalis) in Alberta, by M. Carolina Caceres and
M. J. Pybus. 19 pp. (1997)

Status of the Ord’s Kangaroo Rat (Dipodomys ordii) in Alberta, by David L. Gummer. 16 pp. (1997)

Status of the Eastern Short-horned Lizard (Phrynosoma douglassii brevirostre) in Alberta, by Janice D. James,
Anthony P. Russell and G. Lawrence Powell. 20 pp. (1997)

Status of the Prairie Rattlesnake (Crotalus viridis viridis) in Alberta, by Sheri M. Watson and Anthony P.
Russal. 26 pp. (1997)

Status of the Swift Fox (Mulpes veloX) in Alberta, by Susan E. Cotterill. 17 pp. (1997)

Status of the Peregrine Falcon (Falco peregrinus anatum) in Alberta, by Petra Rowell and David P. Stepnisky.
23 pp. (1997)

Status of the Northern Leopard Frog (Rana pipiens) in Alberta, by Greg Wagner. 46 pp. (1997)
Status of the Sprague’s Pipit (Anthus spragueii) in Alberta, by David R. C. Prescott. 14 pp. (1997)

Status of the Burrowing Owl (Speotyto cunicularia hypugaea) in Alberta, by Troy I. Wellicome. 21 pp.
(1997)

Status of the Canadian Toad (Bufo hemiophrys) in Alberta, by lan M. Hamilton, Joann L. Skilnick, Howard
Troughton, Anthony P. Russell, and G. Lawrence Powell. 30 pp. (1998)

Status of the Sage Grouse (Centrocercus urophasianus urophasianus) in Alberta, by Cameron L. Aldridge. 23
pp. (1998)

Status of the Great Plains Toad (Bufo cognatus) in Alberta, by Janice D. James. 26 pp. (1998)

Status of the Plains Hognose Snake (Heterodon nasicus nasicus) in Alberta, by Jonathan Wright and Andrew
Didiuk. 26 pp. (1998)

Status of the Long-billed Curlew (Numenius americanus) in Alberta, by Dorothy P. Hill. 20 pp. (1998)
Status of the Columbia Spotted Frog (Rana luteiventris) in Alberta, by Janice D. James. 21 pp. (1998)
Status of the Ferruginous Hawk (Buteo regalis) in Alberta, by Josef K. Schmutz. 18 pp. (1999)

Status of the Red-tailed Chipmunk (Tamias ruficaudus) in Alberta, by Ron Bennett. 15 pp. (1999)

Status of the Northern Pygmy Owl (Glaucidiumgnoma californicum) in Alberta, by Kevin C. Hannah. 20 pp.
(1999)

Status of the Western Blue Flag (Iris missouriensis) in Alberta, by Joyce Gould. 22 pp. (1999)

Status of the Long-toed Salamander (Ambystoma macrodactylum) in Alberta, by Karen L. Graham and G.
Lawrence Powell. 19 pp. (1999)
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Status of the Black-throated Green Warbler (Dendroica virens) in Alberta, by Michael R. Norton. 24 pp.
(1999)

Status of the Loggerhead Shrike (Lanius ludovicianus) in Alberta, by David R. C. Prescott and Ronald R.
Bjorge. 28 pp. (1999)

Status of the Plains Spadefoot (Spea bombifrons) in Alberta, by Richard D. Lauzon. 17 pp. (1999)
Status of the Trumpeter Swan (Cygnus buccinator) in Alberta, by M. Lynne James. 21 pp. (2000)

Status of the Pygmy Whitefish (Prosopium coulteri) in Alberta, by William C. Mackay. 16 pp. (2000)

Status of the Short-eared Owl (Asio flammeus) in Alberta, by Kort M. Clayton. 15 pp. (2000)

Status of the Willow Flycatcher (Empidonax traillii) in Alberta, by Bryan Kulba and W. Bruce McGillivray.
15 pp. (2001).

Status of the Woodland Caribou (Rangifer tarandus caribou) in Alberta, by Elston Dzus. 47 pp. (2001)




