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| NTRODUCTI ON

M neral exploration and extraction is the major industry in
the Northwest Territories (Padgham 1978). Eight nines are in
operation in the NWT.; of these, five are located in the Geat
Slave Lake and Great Bear Lake areas (Department of Indian and
Northern Affairs 1978). The region north of Yellowknife and east
of Great Bear Lake is considered to have nuch mning potential, but
the area presently lacks the necessary transportation facilities to
transport ore. Because mne devel opment will require the devel op-
ment of transportation facilities, the Department of Indian and
Northern Affairs is undertaking a study of transportation alterna-
tives for the mning regions of the northeast Mackenzie District.
This report is the first stage in the process |eading to assessnent
of the inpacts of transportation devel opnents on wildlife popul a-
tions in this area.

The objectives of this study are as foll ows:

1. To identify, gather, review and assess the infornma-

tion that exists on the nunbers, distribution and
movenents of certain wildlife populations (rare,
endangered or threatened species, raptorial birds,
waterfow , grizzly bears, muskoxen, wolves, and

caribou) within the study area and to prepare a
reference list.

2. To develop a research plan that addresses the gaps
in the available data base (as identified in objec-
tive 1) and to outline research that is required

“to provide the information necessary to

a. assess the inpact of road devel opment on wild-
life populations;

h. recomend alternatives that will mnimze the
i npact of a road; and

¢. evaluate managenent alternatives and mtigative
procedures that might be required if a road
devel opnent  proceeds.



Ve have interpreted objective 2 in a specific rather than a genera
way and have, therefore, linited the range of research plans to
those that will provide basic information necessary for assessnent
of the major inpacts of road construction and operation. For
exanpl e, we have not included in the research plan studies of
‘carrying capacity' and 'range utilization’ that would be necessary
to predict inpacts related strictly to habitat |oss, because the
amount of habitat destroyed by road devel opnment is in nost cases
mnor. Many additional studies would be required to predict the
probabl e severity of a w de range of ‘mnor’ inpacts. The assess-
ment of these |esser impacts woul d require detailed nonitoring of
basi ¢ biological and life history parameters and has not been
addressed here

The ternms of reference limt this study to consideration of
rare, threatened and endangered species, rapterial birds, waterfowl,
and four species of manmals. The construction and operation of a
road woul d affect many other species within the road devel opnent
corridor. A nore camplete inpact assessment woul d consider these
other wildlife species, especially gane and forage species of fish,
furbearers (arctic fox, beaver, marten, river otter and others), and
moose. |f the transportation alternatives that are devel oped include
a docking facility, then impact studies should also be extended to
the marine environnent.

It has been assumed that research will be initiated after
sel ection of one or nore general corridors. The corridor approach
to inpact assessnent is comon in dealing with [inear devel opnents
in this case, the corridor approach is the nost economically fea-
sible nethod because of the size of the area considered and a
general lack of know edge of mpst of its wildlife populations. At
present, six different road and railroad corridors are being con-
sidered (Figure 1). EFach of these corridors crosses a diversity of
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habitats. As a result, no single detailed research plan can be
suitable for all corridors. Therefore, we have designed a general
research plan that will provide data to address a w de range of
highway - wildlife interactions; selection of sone corridors may
make parts of the research plan unnecessary. We have identified

i nformation gaps and designed a research plan that will provide a
basis for inpact assessnent, subsequent monitoring, and evaluation
of managenent alternatives.



STUDY AREA

The study area (Figure 2) extends from 62°00" to 683°57'N and
from 104°30° to 120°30'W and enconpasses a |and area of approxi-
mately 356,000 knf. The area is confined to the western extrenity
of the Precanbrian shield and is predomnantly a high (approxinately
450 m ASL) rolling upland plateau (Mackenzie Uplands -- Bird and
Bird 1961, citedby Kingsley 1979). The uplands are penetrated for
a distance of about 220 km by a southern extension of the Corona-
tion Gulf lowands, formng Bathurst Inlet. The topography adjacent
to the inlet is the nost precipitous and varied in the study area.
The uplands rise steeply from Coronation Qulf and only al ong Queen
Maud @Qul f, at the northeaster extremty of the study area, is
there an extensive coastal |ow and area of recent marine emergence
(Bird 1963, cited by Ryder 1969). The area bordering the western
armof Geat Slave Lake at the southeastern extremty of the study
area has been influenced by deposition from d acial Lake McConnell.
This area is lower in elevation (approximately 150 m ASL) and in
relief (approximately 10 m) than the highland areas to the north
(Murdy 1965).

Lakes and ponds are generally nuncrous throughout nost of the
study area; they are generally infertile, deep, clear and have
rocky shorelines. In both the G acial Lake McConnell and Queen
Maud @Qulf Iow and areas, |akes and ponds tend to be nore turbid.

The, study area enconpasses a diversity of vegetation zones--
from heavily wooded boreal forest to sparsely-vegetated tundra. About
hal f of the study area is tundra and nmost of the remainder is forest-
tundra transition and open forest. Jacobson (1978) has divided the
study area into six wildlife zones based on the eco-regions of
Tarnocai and Netterville (1976) in northern Keewatin; of Mills (1976)
in northern Manitoba; and of Oswald (1 376) in the Yukon Territory

(Figure 3).
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The study area includes portions of the Queen Maud Qul f Migra-
tory Bird Sanctuary (approximtely 14,000 km?), the Thelon Gane
Preserve (approximately 1,500 km?) and the entire Bathurst Inlet
| BP site (Nettleship and Smith 1975) (Figure 4). The Bathurst
Inlet area is currently being considered as a possible National
Park site (Kingsley 1979). The Reliance-Artillery Lake area has
previously been considered as a possible National Park site (Kelsall
et aZ. 1972) but is currently not under consideration.

Most of the study area is undisturbed wlderness. The snall
amount of settlenent and devel opnent that has occurred is restricted
primarily to the southwestern periphery of the area. Only snall out-
posts exist along the northern periphery. The central and eastern
portions of the study area are almpst entirely undisturbed wilder-
ness areas.

The study area has received little biological investigation.
The only long-term systematic wildlife studies conducted in the area
have been of the Bathurst caribou herd, of cliff-nesting raptors in
the Bathurst Inlet” area, of nesting waterfow in the Gacial Like
McConnell area and of goose popul ations (particularly Ross’ goose)
in the Queen Maud GQulf area. Information concerning other wildlife
species and other parts of the study area is generally qualitative
and fragmentary.
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POTTENTTAL IMPACTS OF ROAD DEVELOPMENT ON WILDLIFE

As a prelimnary step in the devel opnent of an inpact-related
research plan, the nature and magnitude of potential irpacts of
road devel opnent nust be assessed. The following paragraphs briefly
review some of the inpacts that are anticipated and the vulnerability
of some of the species involved.

Wldlife my be affected by three mgjor forms of inpact asso-
ciated with a road:

1. habitat altcration or | o0ss,
2. disturbance, and
3. direct nortality.

These factors may act independently or in combination to cause inpacts.
HABITAT ALTERATI ON

The direct destruction of habitat by road constiuction,
though limted in extent, is the nost evident form of inpact. If
an affected habitat is widely distributed (e.g. boreal forest),
rond construction would prob ably constitute only a minor i. pact.
Nestruction of uncommon Of rare habit ats That are inportant to
wildlife (e.g. raptor nesting cliffs, certain wetlands) can, however,
constitute a nore serious inmpact. More subtle than the inmediate
:nd obvious effects of habitat destruction is Tong- term alteration,
and perhaps [Instruction, resulting from such factors as altered
drai nage patterns or chenical pollution.

Effective habitat [oss may also result {from the exclusion of
animals f{rom arcas surrounding the road as a result of disturbance
caused by activities associated with a road. A npst serious : mpact
could result if a road acted as a barrier to mgrating mumals (e.g.
caribou) thus render.ing unavailable | arge blocks of habitat. The
exclusion of a population from critical habitat can be equivalent
to elimnation of the entire range of the popul ation.
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DI'S TURBANCE

Di sturbance of wildlife can cause stress that may alter nornal
behaviour and cnergy budgets.  Aninals under high natural stress
because of environmental factors or the phase of their life cycle
(nesting birds, migrating caribou) arc particularly susceptible to
added stress fromdisturbance. During such tines the added stress
from di sturbance could result in increased nortality or decreased
reproductive effort. Even when energy budgets are not critical,

di sturbance could produce behavioural responses that woul d decrease
t he productivity of the disturbed animals. Disturbance of animals
can result from construction, operation, and maintenance of a road
and from recreational and comrercial activities that road access
would permit and encour age.

DIRECT MORTALITY

Direct nmortality of wildlife can result from collisions with
Vehicles. Road kills can further attract scavengers (wolves,
grizzly bears, bald eagles, golden eagles) and increase the like-
1ihood of collisions with these species and further increase
mortality. Roads, particularly the plowed surface of roads during
wint er, may al so be used for travel by some wildlife, and |-bus the
probability of collisions would be increased. More inportantly,
however, the increased access provided by these roads will open up
wilderness areas to increased lcgal and illegal hunting and t rapp ing
pressure.

Distribution and mobility of wildlife popul ations influence
their potential for Lmpact from read develcpment. large segments
of the pepulations of gregarious and highly migratory species (e.g.
caribou) and species that concentrate in restricted habitats {e.g.
stagi ng, moulting or colonial-nesting waterfowl) are nore likely to
interact with road sctivities than are species that are widely dis-
persed and that occupy a varicty of common habitats.
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LITERATURE REVTEW AND RESEARCH REQUI REVENTS

Bl RDS

Rare, Threatened and Endangered Species*

Three species of birds currently considered to be rare,
threatened or endangered in Canada (D. Muir, pers. comm.) either
i nhabit, have inhabited, or have a high probability of occurring
within the study area: peregrine falcon, cskimo curlew and whoop-

Ing crane.

Peregrine Fal con

St at us

The precipitous decline of peregrine fal con popuiations of
~North America and western Europe since the late 1940's has been
wel | docunent ed (Ratcliffe 1963, 1972; Hickey 19269; Cade and TIyfe
1970; TLinberg 1975; Fvle et «7. 1976). A vast and convincing body
of cvidence has accunulated i n recent years linking these declines
with organochlorine contam nation (for review see [Pcakall 1976).

There are three subspecies of peregrine falcon in Canada of
which Falcopsregrinus anztwn is considered to be endangered, F.p.
tundrius is threatened, and F.p. pealeZis rare (D. Muir, pers. com, )
F.p.tundriusis found within the study area and F.p.anatin may
inhabit (or has inhabited) parts of the area. 7.p.realeiis a
resident of the islands of f the Pacific coast und does not occur
within the study area.

“For definitions of these terms, see Appendix 1.



14

Know edge of Peregrine Falcons in the Study Area

The distribution and abundance of nesting peregrine falcons in
the study area are not well known. Tyfe (1969) has classified
nesting habitat of peregrine falcons in northern North Anerica into
three categories: optimal, limted, and marginal. The study area
contains a substantial proportion of the total amount ot ‘optimal’
and ‘limted nesting habitat in northern continental North America
(Figure 5). The Bathurst Inlet area is the only part of the present
study area where nesting peregrine falcons have been nonitored on a
long-term systematic basis. McEwan (1'357) was the first to report
peregrine falcons nesting near Bathurst Inlet, and subsequent repeated
searches (by boat, aircraft, and on foot) of the coastal cliffs of
the inlet and parts of Coronation Gulf and Melville Sound by the
Canadi an Wildlife Service have identified a total of 27 nesting
territories (Fyfe et aZ. 1976). Only 4S% of these territories were
occupi ed during 1975; Fyfe et aZ. (1976) have concluded that this
popul ation is declining.

Throughout the renmainder of the study area, systematic pere-
grine falcon surveys have not been conducted and fcw nest sites have
been confirmed (R TFyfe, pers. comm.). During recent years, hcni ever,
a muber of imconfirmed nest sites have been rcported in various
parts of the study area (L. Covello, R. Fyfe and R McKillop, pers.
com. ) . In addition, nine historic sites were reported in the
Yellowknife area by the late William MacDonald (R Tyfe, pers. conm.).
The recent unconfirned reports of peregrine falcons nesting within
the study area suggest that nesting popul ations may be larger than
previously expected.

Potential Inpacts of Road Development

Potential impacts of road construction and operation on ncsting

peregrine fal cons could be caused by | 0oss or degradation of nesting
habi tat, disturbances, or the rcmoval of young to be sold to falconers.



15

3 Deos
/

N

P Hornby,

K Say -

sregt Bear

VICTORIA 1SLAND

&
& b
Rivan [>
. ({igu »
Muskox L

L

~—«—- Permanent Roads
Outline of Study Area

——=— Winter Roods
——— Limit of Trees
50 100 150 mi
¢ Q oSSl 3 X =] ’
g 50 0o 3@ 00 150 km

2

Figure S,

“Limited”

”Optimal” Perigrine Nesting Habitat

Perigrine Nesting Habitat

Potential Major Nesting Habitats for Peregrine Fal cons
in the Study Area (Adapted from Fyfe 1969).




16

Ciffs suitable for nesting peregrine falcons generally constitute
arare habitat (e.g., Hickey and Anderson 1969; Newton 1979:81). The
destruction of active or historical eyries or the degradation of the
area surrounding the site could render it unacceptable for nesting by
peregrine falcons. Destruction or degradation of exist:ing sites
coul d prevent pairs fromnesting or force birds to nest in inferior
habitat where their chances of successfully reproducing would be
decreased.

Nesting peregrine falcons are generally intolerant of distur-
bance wWithin the nesting area (flerbert and Herbert 1969), but
there is considerable variation anong pairs (Fyfe and Oldendorff
1976; Windsor 1977; Alliston and Patterson 1978; Parker 1979).

Intol erance to disturbance also varies within the nesting season;
peregrine falcons are nost sensitive to disturbance during the early
phases of breeding (territory establishment, mating, egg-laying)
(Fyfe and Oldendor{f 1976). In addition to disturbance from road
construction and operation, increased recreational activities near
peregrine falcon nesting areas could be an additional source of

di sturbance.  Such disturbance could result in abandonment of the
nest site and/or increased nmortality of eggs and young.

Captive peregrine fal cons command very high prices on the black
market. Access to peregrine falcon nesting areas for the purpose
of capturing young fal cons could have a serious inpact upon pere-
orine fal con popul ations.

Peregrine {falcon populaticns whose reproductive potential has
been lowered by organochlorine contami nation ure probably | ess able
to withstand development-related inpacts than are heal thy popul ations.
Fimmey and Lang (1975, cited by Berger 1977) have stated “Due to the
sensitivity of the peregrine population, clcl-elopers have to face the
fact that the destruction of a single nest site or interfercnce with
nesting in a single ycar iS a serious , unacceptable irpact'.
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Research Requirenents

To assess inpact of road construction and operation on peregrine
falcons, it is essential to locate active and, where possible,
presently inactive peregrine falcon nest sites within the road
corridor. Prelimnary recomendations concerning routing within a
corridor can be made by sanpling habitats in various parts of the
corridor. Ilowever, final road alignment cannot proceed until all
potential peregrine nesting habitat along the proposed route is
t horoughl y searched.

Non- systemati c surveys of peregrine falcon nesting habitat
shoul d be conducted froma helicopter by experienced surveyors and
pi l ot (White and Sherrod 1974; Alliston and Patterson 1978).
Resurveys, ground truthing of selected areas, or both are neccessary
to insure the accuracy of the surveys.

Whooping Crane

St at us

Perhaps the best known of North America's rare and endangered
species is the whooping crane. This species has never been abundant
in historic times; during 1S50 Allen (1952) estimated that the popu-
lation nunbered approximately 1500 birds. By the 1920’ s the popula-
tion had dropped to fewer than 100 birds and during 1941 the popula-
i lon had reached a low of 1S birds. Today there are approximately
74 wi |l d whooping cranes (Toronto Globe and Mail, 18 April 1979).

Whooping cranes nest in a 500 km® area in Wood Buffalo National
Park, approx imat ely 90 km south of the study area. XNo confimmed
sightings of whooping cranes have been made in the study area;
however, two separate unconfirmed reports within a few days of each
other from the Snare River area stronglysuggest that non-breeding
wheoping cranes may occasionally enter the study area (E. Kuyt,
pers. com. ) .
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Shoul d non-breedi ng whoopi ng cranes regularly use the study
area, the glacial Lake McConnell and Moss Forest areas (Figure 3)
woul d provide the nost suitable habitat. These areas are close to
the nesting grounds and are nore characteristic of the nornal
habi tat of whoopi ng cranes (Novakowski 1966). The deep ponds and
| akes of the Precanbrian highlands (tJacobson 1978) would probably
not provide favorable foraging habitat for this species.

Potential Inpacts of Road Devel opnent

If parts of the study area are regularly used by non-breeding
whooping cranes then displacement by either habitat destruction or
di sturbance could constitute a significant impact on this endangered
speci es.

Resear ch Requi renent s

It is not practical to conduct aerial surveys specifically to
study the distribution of this species within the study area. During
the course of surveys for other species, observers would record
whooping cranes and mapany sightings. Should vhooping cranes be
found, the areas used, their activities, and their duration of stay
shoul d be nonitored as closely as possible without di sturbance to
the birds.

Fskimo Curlew

St at us

Historic records indicate that Eskimo curlews were very nwier-
ous before the late 1S00's. A rapid decline in EFskimo curl ew popu-
| ations occurred between 1870 and 1S90. tost authors have suggested

4

t hat excessive hunting pressure and the vulnerability of the lurge
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curlew flocks were primarily responsible for the decline of the
speci es (Forbush 1912; Swenk 1’ 316; Bent 1929; Greenway 1958, cited
by Banks 1977; Godfrey 1966; and others). however, Banks (1977)
has specul ated that climtic factors were also involved. The
Eskinmo curlew was protected by the Migratory Birds Convention Act
of 1916; however, by 1916 its status was already precarious. At
present this species is believed to be nearly extinct. Unconfiimed
sightings are reported occasionally (e.g. HHagar and Anderson 1977)
and a small remant popul ation may exist.

The first nest described for this species was found in the
stuly area at Point Lake during the Franklin expedition (Richardson
and Swainson 1831). There have been no other reports of this
species in the study arca, hut little subsequent biol ogi cal work
has been done in this area.

Potential Inpacts of Road Devel opnent

If nesting Eskino curlews were to occur in the inmediate
vicinity of a road, the inpact of road construction and maintenance
wpon this nearly extinct species could be serious. ‘Destruction of
nest sites or nesting habitat during road construction may cause
curlews to move to inferior habitats where they may have low sur-
vival or reproductive rates. Disturbance of nesting birds coul d
also result in failure to nest or reduction of reproductive rates.
| f nesting Eskimo curlews were found within a read corridor, it
would be necessary that road construction not be permtted within
nesting areas and that the |ocation of nesting arcas be kept confi -
dential to prevent disturbance by birdwatchers.

Resear ch Requirenents

The al most conplete lack of knowledge of hreceding areas or

even cf what constitutes Iskimo curlew nesting habitat, togother with



20

the extremely small population of this species, renders the devel oprment
of specific research plans unrealistic. A practical approach would

be for all biologists working in this area to be nade aware of the
potential presence of this species and for any sightings to be

recorded and conpiled. Areas from which breeding-season or repeated
sightings are reported shoul d be investigated by ornithol ogists.
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Raptorial Birds

In addition to the peregrine falcon, 13 species of raptorial
birds are known or believed to use the study area of which three
speci es deserve special attention: bald eagles, golden eagles and
gyrfalcons. Al nest within the study area and are sensitive to
di sturbance while nesting (Fyfe and Olendorff 1976). The two eagle
species are consi dered endangered in sone parts of Canada and the
bald eagle is considered to be endangered in the United States.

The gyrfalcon has been included because it is the species nost
hi ghly val ued by falconers and increased access to nest sites could
adversely .affect the number of this uncommon species within a road

corridor.

Know edge of Raptorial Birds in the Study Area

Bald Eagle

Bal d eagles build nests primarily in trees in riparian habitats,
although in the study area they frequently nest on cliffs (Alen and
Ealey 1979) and have been known to nest on the ground (Bromley and
Trauger 1974). Nesting bald eagles are confined to the area south
of treeline (Godfrey 1966; Jacobson 1978). In the study area,
systematic surveys for bald eagle nests have been conducted only in
the Yellowknife arca and al ong the shores and islands of the east
armof Geat Slave Lake (.Allen and Faley 1979). These surveys were
carried out only during one year (1978) and were conducted from
aircraft, by boat and on foot. A total of 63 active bald eagle
nests and 144 unoccupi ed stick nests were found. Twenty-two unoccu-
pied nests were found late in the season after fledging had occurred;
some of these nests may have been occupied during 1978. The highest
densities of bald eagle nests were found on the islands of the east
arm of Great Slave Lake. Whether densities are simlar in other
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parts of the study area to those found in the Yellowknife area is
not known; however these observations and those of R Bromley (pers.
con-m) would suggest that relatively high densities of these birds
may be encountered in portions of the study area.

Golden Eagle

The gol den eagle is primarily a cliff-nesting species although
occasionally it builds a stick nest in trees (Codfrey 1966). GColden
eagles are known to nest throughout the study area (Jacobson 1978;
Allen and Ealey 1979; R Fyfe, pers. conm.). Al though nunbers are
unknown, the species is thought to be uncommon in the study area.
Surveys by R Fyfe (pers. com.) of the Bathurst Inlet area have
reveal ed 10 nests; a boat and aircraft survey by Allen and Laley
(1979) along the east armof Geat Slave Lake produced only one
active nest.

Gyrfal con

Li ke the peregrine falcon, the gyrfalcon is a cliff-nesting
species; however, it rarely nests south of treeline. Nests of
gyrfalcons on the coastal cliffs of Bathurst Inlet have been sur-
veyed repeatedly and nonitored since the late 1950's.  Systematic
surveys have not been conducted in other parts of the study area
(R Fyfe, pers. comm.). Unconfirmed reports of gyrfalcon nests in
the study area (L. Covello, R Fyfe and R cKillop, pers. comm.)
suggest that this species nests in [ow nunbers throughout the tundra
portions of the study area.

Potential Inpacts of Road Devel opnent

Road construction and operation would del eteriously affect
these three species of raptors through destruction or degradation
of nesting habitat, clisturb.ante, direct nortality, and in the case
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of gyrfalcons, renoval of young for sale to falconcrs. Degradation
of aquatic habitats could also influence the abundance of bald eagles
by reducing the abundance or availability of prey species (fish).

Suitable cliff nest sites for gyrfal cons and gol den eagles con-
stitute a rare habitat; the destruction of nest |edges, disturbance,
or degradation of the surrounding area may render these areas
unacceptabl e as nesting habitat, Destruction or degradation of
existing sites may prevent breeding or force birds into inferior
habitats where their chances of successfully reproducing would be
decreased. Nesting habitat of bald eagles is not believed to be
limted, except possibly near treeline. Destruction of bald cagle
nest sites could result in a temporary decrease in productivity.

Al'l three species are known to be intolerant of disturbance
within the nesting area, although the reactions of individual pairs
may vary. As with peregrine falcons, intolerance to disturbance is
greatest during the early phases of nesting (Fvfe and Olendorff
1976). In addition to the disturbance fromroad construction and
operation, inproved access to nesting areas by recreationists could
be an additional source of disturbance.

Resear ch Requirements

Locations of active nest sites ncar the road mist be known in
order to assess the inpact of road construction and operation on
these species of raptorial birds. Prelimnary rccommendations con-
cerning routing within the corridor can be made by sanpling within
different areas or habitats; however, all potential nesting habitat
along the route should be searched hefore final road alignment.
Because gyrfal cons and gol den eagles, |i ke peregrine falcons,
nest in cliff habitats, nest sites of these species would be
recorded during peregrine falcon surveys. Separate surveys of
riparian habitats south of trceline would be required to identify
bald cagle nest sites.
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Wat er fowl

Know edge of Waterfow in the Study Area

Waterfowl are found throughout the study area during spring,

summer and early fall. Various species use the study area for one
or nore of spring and autumm staging, mgration, nesting and moult-
ing. A total of 22 waterfow species are known to nest in the study
area (Table 1). Few of these species nest throughout the study area;
many are limted by habitat preferences to specific parts of the
study area.

Know edge of the distribution of waterfowl within the study
area is based primarily on scattered, non-quantitative observations.
Rel ative abundances of the various species that use the area are not
well known.

Some quantitative data are available concerning the distribu-
tion and rel ative abundance of ducks in the southwestern extremty
of the study area. Transects totalling approxi mately 230 kmin
length have been flown annually in this area since 1.956 by the U S.
Fish and Wildlife Service as part of the waterfow breeding grounds
survey (Figure 6). These surveys generally show that averace or
below average densities of nesting ducks usc these arcas.

Quantitative information concerning breeding chronol ogies,
densities, and productivity of 12 species of nesting ducks is also
available- from intensive ground-based studies conducted on a 39 kn?
study arca in the wetlands al ong the mnorthwest arm of Great Slave
Lake, between Yellowknife and Rae.  The study area consisted of
400m strips on either side of the Yellcwknife-Rae highway. This
wetland is situated in the glacial Lake McConnell zone and iS an
above-average type of northern (transition boreal forest) waterfowl
habitat (Murdy 1965; Murdy et al. 1970). Intensive studies were
conducted in this area {rom 1962 through 1965 and general nonitor-

ing of the area was maintained from 1966 through 1970 during studies



Table 1. Known Distribution and Activities of Waterfow that Regularly OCccur in Study Area.

Species

known Distributionand Activities in Study Area

Spring Staging

Breeding

Moulting

Fall Staging

Whistling swun
Canada goose

Brant

Mitte-fronted goose

lesser siow goose
Ross' poose
Mallard

Prntail
Green-winged teal

Bluc-winged teal
Anerican wigeon

Northerm shoveler

Canvashack

Greater scaup

Common goldeneye
Butt'tehead

Ohdsgunw

Comnon eider

kg clder
Wirte-winged scoter
Surl scoter

Red-breasted mergianser

Laltirte and Marian Rivers
Deltd of Burnside River

?

Delta of Bumnside River

Delta of Burnside River

”

Throughout (scattered)
Throughout

Coastal Keat Peni nsula
andandja centmaindiind

wul islands

kent Peninsula and
adjacent mainland

Colonyneur [11i ce River
Colony near Ellice River
South ol treeline
Throughout

Mostly south of treeline

South of treeline
(wiconmon)

Mostly south or treeline
South of treeline

Glacial Lake MeConn ¢l and
Mossy Forest wildlife zones
(uncommon}

Hestricted 10 islandsin
Jarge lakes; mostly below
treel e

South ol treeline

Sout hof treeline

North of trecline

Coastalarcas of
Corona tion Gal

Coustil areas throughou t
South ol trechine
South of treeline

Throughout all but north -
casterly tipol study urea

Throughout (scutt ered)

Probably throughout

Same us breeding

Same as breeding

Ll lice River
Ellice River

?

mtharst | Nl et

Bathurst Inlet, Kent
Peninsula, Queen Maud
Gul f

LaMurte and Marian Rivers

?

Bathurst inlet

Bathurst Inlet

S¢
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of the popul ation ecology of the |esser scaup (Trauger 1971).
The area studied by Murdy and Trauger is situated in a region that
probably conprises some of the best nesting habitat for ducks in
the study area and is quite unlike the Precanbrian highlands that
constitute most of our study area. Nevertheless, the detail ed base-
line data available from this highway-inpacted area should be
useful. Unfortunately, no conparable data were obtained from the
Yellowknife Study Area previous to the devel opnent of the highway.
Quantitative information concerning the distribution and rel a-
tive abundance of nesting waterfowl does not exist for the renainder
of our study area. Reconnai ssance surveys to identify concentrations
(staging, nesting, moulting) of waterfowl have been few and |inited
in extent within the study area. Several surveys for nesting,
brood-rearing and moulting geese have been conducted in the Queen
Maud @Qul f Migratory Bird Sanctuary (llanson et aZ. 1956; Barry 1960;
Ryder 1969; Kuyt et al. 1971; R Kerbes, pers. comm.) at the north-
eastern extremty of the study area. Survey flights by Ryder (19269)
extended west to Bathurst Inlet and Kuyt et aZ. (1971) surveyed
the castern part of the Kent Peninsula. O these surveys only
Kerbes (pers. camn.) reported a major concentration of nesting water-
fowl within the study area (see helow) .  Barry (1960) made a single
reconnaissance {light from Yellowknife to Rathurst Inlet via
Contwoyto Lake during 1958 and did not report waterfowl concentra-
tions in the study area. Jacobson (1978) reported a staging area
for whistling swans after flying high lcvel reconnaissance surveys
over the southern and southwestern extremties of the study area.
The information that exists concerning concentrations of waterfow
i s derived largely from casual observations and is swmmarized in

Figure 6.
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The LaMarte and Marian rivers are spring and fall staging
sites for whistling swans (Jacobson 1978; A. Goodman and S. Steffan-
sen, pers. comn. ). Counts of these birds have not been made but
Steffansen estinmates that nore than 1000 birds may use this area at
one time. A. Goodman will be conducting surveys of this area in
1979 to obtain counts of staging swans. .‘\brahamson (1964, cited by
Ki ngsl ey 1979) stated that 'hundreds' of Canada gcese, snow gcese,
and white-fronted geese stage in the delta of the Burnside River
(Bathurst Inlet area) during spring mgration.

According to the Land Use Information Series (LUIS) naps,
coastal areas of the Kent Peninsula and Melbourne Island are desig-
nated as inmportant nesting areas for black brant, white-fronted
geese and eider ducks. However, Kuyt et aZ. (1971) f{ound f{ecw
waterfow on the northwest coast of Kent Peninsula or on :elbourne
Island. Low and areas in the central Kent Peninsula are al so
reported to be inportant breeding areas for whistling swans and
geese (R McKillop, pers. comm.), and a nesting col ony of Ross’
geese and snow geese exists near the Fllice River (R Kerbes, pers.
comm. ).

Waterfow moulting areas have been reported al ong the southwest
coast of the Kent Peninsula (Walker Bay) and in Daniel Moore Bay
(R Fyfe, pers. comm.). A llochbaun (pers. conm.) reported that
coastal areas of BRathurst Inlet are used by moulting greater scaup,
oldsquaws and autumn staging eiders. Canada gcese moult along the

Fllice River (R Bromley, pers. comm.).

Potential Tnpacts

I npacts of road cdevelopment upon waterfowl could result from
| oss of habitat, disturbance, or through increased lunting pressure
created by inproved access to the study area. The potential for
jmpact is greatest wherc waterfowl are concentrated [staging, moult-
ing, and colonial nesting) and when they arc under physiological

stress (staging, lncubation, moulting).



| npacts caused by direct habitat destruction would probably
not be significant. Serious inpacts would only be likely if a najor
terrestrial staging area, colonial nesting site or an exceptionally
favorabl e habitat were destroyed. 1bdification or destruction of
extensive areas of wetland habitat resulting frominterference by
the road with normal drainage patterns could have an inpact on dis-
persed nesting waterfowl.

I npacts caused by disturbance of concentrations of waterfow
by the construction and operation of a road and its auxiliary
facilities are nmore likely to occur. Such disturbance could place
added stress on groups of birds that are already energetically
stressed. Increased stress mght lcad to decreased production,
increased nortality rates, or both. Tmproved access may result in
i ncreased disturbance and increased hurting pressure on watcrfowl
in their staging, nesting, and moulting areas.

Resear ch Requircments

To predict inpacts of road construction and operation on water-
fowl , information concerning the distribution, nunbers and activities
of waterfowl in the study corridor must be known. Of particular

importance is the identification of areas used by concentrations O
vaterfowl (staging, moulting, colonial nesting) and arcas where high
densities of dispersed-nesting waterfowl occur.

Aerial surveys of wetlands al ong the proposed corridor are the
only feasible way to identify concentrations of waterfowl and to ob-
tain estimtes of nunbers and species conposition (cstimation by
expericnced observers; photograph-s).

Density-indices of dispersed waterfowl on nesting territories
are nost accurately determned fron surveys conducted by ground-
based obsecrvers. llowever, to conduct such surveys over a large
area would be v-cry manpower intensive. Surveys using fixed-wing
aircraft permt cconomical and broad coverage at the cost of
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decreased accuracy. Such surveys are recomended for a prelimnary
overview of waterfow distribution and nunbers. |f these surveys
suggest that nore precise information is required for certain arcas,
then surveys using a helicopter can be used, or, when necessary,
surveys can be conducted by ground-based observers.
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MAMMALS

Wl ves

Know edge of Wolves in the Study Area

Four different subspecies of wolf have been recognized as
occurring within the study area (Hall and Kelson 1959). Al though
it is unrealistic that so many distinct subspecies occur in our
study area, two noticeably different forms--the tundra wolf and
the tinber wolf--are found in this region (J. Kelsall, pers. comm.).

Wlves are distributed throughout the study area (LUIS maps;

G Calef and R McKillop, pers. commn.); however, there is little
quantitative information on their distribution, abundance, or
novenents.

Denning Sites of wolves have been recorded frequently in eskers
near treeline and in several river valleys of the barrens (Figure 7).
Den sites have al so been located on the calving and post-cal ving
grounds of the Bathurst caribou herd (R Bromley, J. Kelsall and
R McKillop, pers. cam.). It has been suggested that areas near
the coast of Coronation Qulf are infrequently used for denning by
wol ves (.Jacobson 1978; G. Calef and R McKillop, pers. comm.).

The primary wintering areas of wolves are within tree line (LUIS
mps) .

Interrelated novenents of wolves and caribou have been docu-
mented for a large portion of northern Canada east of the study
area (Parker 1973). Wolves are regularly observed near herds of
t he Bathurst caribou throughout the year (J. Kelsall, pers. comm.).
It has been hypothesized that non-breeding wolves are the primary
conponent of the wolf population that follows the caribou mgrations
whereas most adults den in areas away from the caribou calving and
post-cal ving grounds (Walters et aZ.1979). However, the presence
of dens and fam |y groups (with adol escent wolves) on the cal ving
and post-calving grounds of the Bathurst caribou herd conflicts
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with this hypothesis. At present, the seasonal novenents of the
various portions of wolf populations in the study area are not

wel | known. Radio-tagging studies of wolves to be initiated during
1979 by the Northwest Territories Fish and Wldlife Service

(D. Heard, per-s. comm.) should provide information on the move-
ments of various age groups and fanmily groups of wolves relative

to the movements of caribou herds.

Potential Inmpacts of Road Devel opnent

Little is known about the effects of road construction and
operation on wolves. Road devel opnent may affect wolves by altering
their distribution as a result of avoidance of a road, by |oss
of denning habitat, by disturbance |eading to the subsequent aban-
donment of den sites, by increased nortality because of increased
hunting and trapping pressure, and by changes in the distribution
and abundance of potential prey species of wolves.

Road devel opment may destroy some den sites and the disturbance
associated with the construction and operation of a road may prevent
wol ves from denning at other sites. [|f denning habitats are limted,
then the use of inferior denning habitats could result in decreased
breedi ng success.

Increased hunting and trapping of wolves resulting fromim
proved access could substantially reduce the wolf popul ations,
especially within the road corridor. Effects of road devel opnent
on the d“istribution, abundance and nmovenents of prey species
(particularly caribou) may also affect the distribution, abundance
and novements of wolves that are dependent upon this prey species.
Decreases in the abundance of prey could potentially decrease the
nunbers of wol ves.
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Research Requirenents

Data on the distribution and abundance of wolves and wol f dens
within the devel opment corridor(s) are necessary to assess the po-
tential inpacts of road devel opnent on wolf popul ations. These
data are also required to evaluate various corridors and to re-

commend specific routes through a particular corridor
There are three major ways in which information on the
distribution and abundance of wolves can be obtained:

1. Population size, distribution and movenents of
wol ves in the corridor can be determ ned nost
accurately by radio-tagging one or nore menbers
of each pack that occurs within the corridor
(e. g. , Xolenosky and Johnston 1967; Van Ballenberghe
et al. 1975). The accuracy of popul ation estinates
would depend on the correct dctermination of pack size
and the integrity of packs. Although this type of
study can provide excellent and detailed information,
this level of detail and effort may not be necessary
for the prediction of major inpacts.

2. Population indices and distributional information
can be obtained through intensive systematic aeria
surveys of the road corridor; these surveys can be
mul ti-purpose in nature (i.e. to assess the distri-
bution and relative abundance of wolves, muskoxen and
caribou). During winter, surveys should concentrate
on locating and follow ng tracks of wolves rather
than solely on locating animls along transects
because the .detectability of wolves during each
survey is |ow and variabl e (depending upon vege-
tation characteristics). |Information obtained from

“this technique may be inproved when conbined with
track counts fromthe ground.

3. A series of winter track counts in the road cor-
ridor would provide an index of use that can be
related to the results of aerial surveys. Aeria
surveys for wolves are subject to major problens
in interpretation of the data (Miller and Russel
1977) . Track counts in protected (wooded) habitats
can be used to inprove the reliability of aerial
surveys conducted in those areas. A nmjor dis-
advantage of the track-count method is that it is
not useful in open, w nd-blow areas.
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Information on the distribution and abundance of wolf dens is
best obtained by
1. interpretation of aerial photos and prelimnary

mappi ng of suitable wolf dem ng habitat al ong
the road corridor

2. location and mapping of known wolf den sites in
the corridor; and

3. intensive surveys by helicopter of the corridor

to locate additional den sites and to further
assess the suitability of dermng habitats.

Effects of devel opment on the interactions of caribou and wol ves
are difficult to predict or to nonitor. Changes in caribou nove-
ment patterns may change rates of wolf predation on caribou, but
such changes cannot be neasured reliably without a massive expen-
diture of tinme, manpower and noney. However, know edge of the
seasonal changes in the segnent of the wolf population that preys
on caribou will permt a nore accurate assessment of the effects of
altered distribution and abundance of wolves and/or caribou on the
popul ation dynam cs of these two species. Present radio-collaring
studies of wolves by the Northwest Territories Fish and Wldlife
Service (D. lieard, pers. comm.) are considered to be adequate as
an initial phase of study. Additional information on predation
of caribou by denning adults in the calving and post-cal ving grounds
of the Bathurst caribou herd would al so be useful.
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Gizzly Bears

Know edge of Gizzly Bears in the Study Area

Gizzly bears occur throughout the study area (Banfield 1959;
Kelsall et aZ. 1972; S. Mller, G Calef and R McKillop, pers.

Comm ) . Recorded observations of bears in the study area date back
to 1771. Sightings of grizzly bears have been made throughout the
barrens , and recent observations sunmarized by Barichello and Miller
(1978) include several sightings of grizzly bears in the forest-
tundra ccotone at the limts of treeline. Jelsall et aZ (1972)
also observed signs of grizzly bears at treeline in the vicinity of
Artillery Lake. Bears have been reported from Snare Lake (Miller
1978) and wel| into the forested regions near Great Slave Lake

(J. Kelsall, pers. comm. )

No quantitative information exists on the nunbers of grizzly
bears east of Geat Bear Lake (Barichello and MIler 1978).
Harrington et al. (1962) show that grizzly bears are numerous in
the Thelon Game Sanctuary. Very high densities of grizzly bears
have recently been recorded on the calving grounds of the Bathurst
caribou herd (Barichello and Miller 1978; D. Heard and G Calef,
pers. com. ) and in several of the rmajor river valleys in the tundra
and treeline areas (Figure 8). Bloody Falls on the Coppermine River
Is reported to be a well-used fishing site by grizzly bears
(MacPherson 1965). Concentrations of grizzly bear dens have been
reported to occur in eskers in the RBurnside River valley (G. Warner,
pers. comm.) . Numerous eskers occur throughout the study arca and
undoubt edly provide denning habitat for bears, but these features
have not bcen extensively examined {or dens. Banficld (195’ 3)
suggested that grizzly bears are becom ng nore comon in the barren-
lands because this species is spreading castward froma gl aci al
refugium. Iowever, Harrington et al. (1962) and J. Kelsall (pers.
comn.) consider that the increase is nore likely the result of a
natural population fluctuation rather than a range cxpansion.
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The seasonal habitat requirenments and nmovement patterns of
grizzly bears have not been documented in the study area.
I nvestigations have been conducted further west, near Tuktoyaktuk,
in conjunction with a proposed road devel opnent from Inuvik
(Pearson and Nagy 1975). Because of the very different habitats
bet ween the areas studi edby Pearson andNagy (1975) and our study
area, it is not possible to extrapolate the results from one area
to the other without sone basic information on grizzly bears in the
study area.

Potential Inpacts of Road Devel opnent

Little is known of the effects of road construction and opera-
tion on grizzly bears. Road devel opnent may affect grizzly bears
by destruction of den sites, by exclusion of bears from denning
habitats, by displacement of bears fromcritical feeding areas, by
direct nortality resulting fromincreased bear-man interactions and
by increased hunting pressure resulting fromincreased access pro-
vi ded by a road.

In areas where denning habitats are limted, destruction of
optimal denning areas by road devel opment, or exclusion of grizzly
bears from such areas, could result in reduced survival of adults
and/or young. Simlarly, destruction of critical feeding areas, or
exclusion of bears from these areas, could affect the condition of
bears entering dens, and thus could increase nortality of adults
and/ or lower production of young (Reynolds 1378).

Increased bear-man interactions could result from attraction
of bears to garbage and hand-outs at construction canps (Craichead
et al. 1969; NMarsh 1972). Such interactions can result in injury
or nortality to man, bears, or both.

Increased access to wilderness areas by hunters and poachers
could cause increased bear nmortality. Road kills and the renains
from hunter kills in the vicinity of the road m ght further attract
bears to a road corridor and increase their vulnerability to hunting
and interactions wth man.
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Resear ch Requi renents

Data on the distribution and abundance of grizzly bears and
their dens within the road corridor are necessary to assess the

i npact of road devel opnent on grizzly bear populations and to
recomrend specific routes through the corridor that will nininze
the inpact of a road. Methods of obtaining these data are similar

to the nmethods described for wol ves.

1.

Detail ed data on popul ation distribution, abundance
and seasonal novenents can be obtained through

radi o-taggi ng studies (Pearson 1975; Pearson and
Nagy 1975) (see ‘Research Requirements’ for wolves,
above ) . This level of detail is probably not neces-
sary for the prediction of major inpacts.

Distribution, seasonal habitat use and abundance

i ndi ces can al so be obtained through intensive and
systematic aerial surveys of the road corridor
Unfortunately, because grizzly bears tend to be
associ ated with dense shrub cover, bears often are
not visible fromthe air, even in conparatively open
habitats. Thus it is necessary to combine extensive
ground work with aerial surveys in order to record
bear sign and sightings in areas that cannot be
adequately surveyed fromthe air. Gound surveys
alone are not adequate to assess the abundance and
distribution of grizzly bears throughout a corridor
however , ground surveys are very useful in [ocating
seasonal feeding areas of grizzly bears.

Gizzly bear denning sites should be identified
using the sane nethods described for wolf denning

. studies, excent that both spring and fall surveys

can be employed for grizzly bears. The tining of
surveys during both seasons is critical; fall
surveys are nost difficult to conduct successfully
because denning occurs over a shorter period than
energence and often occurs during inclenent weather
If fall surveys can be conducted at an optimal tine,
they provide nmany data in a short period.
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Muskoxen

Know edge of Miskoxen in the Study 'Area

The distribution and abundance of muskoxen on the nainland
north of Geat Slave Lake have been wel| summarized by Kingsley
(1979) . Muskoxen are generally distributed northeast of a line
running from Coppernmine through Contwoyto Lake to Artillery Lake
(Clarke 1940; Kuyt 1971; Kelsall et aZ. 1972; G Calef, pers.
comm.), but also can be found north of Geat Bear Lake (Kelsall
et aZ. 1971, D. Boxer, pers. comm.). Carke (1940) reported that
nuskoxen were hunted in the Clinton-Colden Lake and Aylmer Lake
areas at lecast until 1900 and that nuskoxen were still present there
during 1936. O arke (1940) al so reported muskoxen at Tourgis Lake
(40 animals) , Muskox Lake (occasional individuals), MacKay Lake
(7 aninmals) and Providence Lake (20 animals). During the 1930’s,
natives reported nuskoxen to be nunerous between Contwoyto Lake and
the Burnside River with herds nunbering up to 80 aninals. Muskoxen
were also present along the Dease River at the northwestern edge
of the study area (O arke 1940).

Clarke (1940) estimated that there were approxi mately 1200
nmuskoxen on the mainland of Canada. Only 300 of these were thought
to be present in the Thelon Game Sanctuary and fewer still werelo-
cated west of the Thelon River (i.e. in the study area). Recent
estimates of the nunber of muskoxen west of Bathurst Inlet range
from 108 (Monaghan 1970) to 450 (Tener 1958). A total of 98
muskoxen were seen during caribou surveys in 1967 in the
Bat hurst Inlet areaby Thomas (1967). During a survey of the
Bathurst Inlet area in late February 1979, ™. Kingsley and D.

Boxer (pers. comm,) saw 76 muskoxen west and south of Bathurst
Inlet--primarily in the Hood andMara River regions. D. Boxer

(pers. comm.) thought that considerably nore muskoxen were
present in this region than his survey indicated. During August
1978, a single herd of 48 nuskoxen was seen near the headwaters of
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the Hiukitak River and about 15 more nuskoxen were observed al ong
the | ower reaches of this river (R Bromley, pers. comm. ). These
areas and the portion of the study area bordering the Thelon Gane
Sanctuary from Tourgis Lake to Artillery Lake have been identified
as key areas for muskoxen (Figure 9). Larger nunbers of nuskoxen
are present outside the study area in the Thelon Game Sanctuary
(Clarke 1940; J. Kelsall, pers, comm.), east of the Ellice River
(D. Boxer 1974; G Calef, pers. comm.) and in the Rae River area
(D. Boxer, pers. comm.). Wthin the study area, the only calving
area identified on the LUS maps is located on the south shore of
Melville Sound (Figure 9).

Muskoxen generally move to | ow el evations during sumner
(G arke 1940; Wilkinson et aZ. 1976; and others), but little is
known about the specific movements of nuskoxen in our study area.
Jacobson (1978) stated that muskoxen may make seasonal novenents
of up to 100 miles. Sunmmer and w nter ranges of nuskoxen in the
Bathurst Inlet area have been delimted (Renewable Resources
Consulting Services Limted 1972) but the fidelity of muskoxen
to these areas is not known.

Potential Tmpacts of Road Development

The responses of muskoxen to road construction znd operation
are not well known. Recent studies of the effects of seismc op-
erations on muskoxen (Riewe 1973; F.F. Slaney and Co. 1975; Russell
1977) and observations of their sensitivity to disturbance by air-
craft (Riewe 1974; Renewabl e Resources Consulting Services Ltd.
1975; F.F. Slaney and Co. 1975) suggest that this species nmght be
particularly susceptible to inpact by road construction and develop-
ment activities.

Di sturbance could exclude muskoxen from habitats along the
road. If such habitats were limted, the impact on the herd(s)
could be severe. Disturbance could al so cause additional stress
in these animals. If they were already heavily stressed by
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environmental conditions, additional stress could lead to increased
mortality of adults and/or decreased production of young. Disturb-
ante on the calving grounds could lead to stanpedes, which Can
result in death of or injury to calves. Al though seasonal migrations
by muskoxen may not be |ong, blockage of migration paths between
hi ghl and wintering areas and | ow and sunmering areas could result
in serious impacts.

Access provided by roads could also lead to increased distur-
bance from human recreational activities K and to direct nortality
of muskoxen from hunting and poaching.

Research Requirenents

The major information gaps can be addressed by conducting a
series of aerial surveys to determ ne the seasonal distribution
and abundance of muskoxen within the road corridor. These surveys
will identify some of the seasonal feeding areas and other habitats
used by nuskoxen; the road alignment can be chosen to avoid these
areas. Because of the daily movements of muskoxen to and from feeding
areas, ground level studies will be needed to locate critica
feeding areas within the corridor

Identification of critical muskoxen range i s complicated by the
facts that muskoxen may not be present in critical areas for portions
of the year and that they may not use an area for an entire year or
nore. Studies over a period of several years are required to locate
the majority of critical habitats formskoxen in a road corridor.



Cari bou

As specified in the terms of reference, enphasis has been placed
on information about the Bathurst Caribou herd. Although portions of
the Bl uenose and Beverly caribou herds may enter the study area for
part of the year, the Bathurst herd normally spends the entire year
within or near the borders of the study area. Therefore, this section
deals specifically with the Bathurst herd.

Knowl edge of the Bathurst Caribou Herd in the Study Area

Consi derably nore information has been gathered on the Bathurst
caribou herd than on any other species in the study area. Blanchet
(1930, cited by Carke 1940) conducted aerial surveys of the area
north of Geat Slave Lake as early as the late 1920's and O arke
(1940) conducted some aerial surveys of the herd during 1936.
Systematic surveys of the Bathurst herd were initiated during 1949
by the Canadian WIldlife Service. Systematic caribou surveys have
continued to the present and are currently being conducted by the
Northwest Territories Fish and Wldlife Service.

Caribou range throughout the study area. They m grate between
W nter and swmer ranges and rcgularly nove through corridors be-
tween these ranges. Although range use and movenent patterns of
caribou are very conplex, a sinplified approach to the distribution
and novenents of caribou has been used here.

The winter distributions and calving grounds of the Rathurst
caribou herd for 17 years between 1936 and 1977 are presented in
Figures 10 to 13. The Bathurst caribou herd normally winters Within
the limts of trees in the southern and western portions of the study
area, mgrates northeast or east during spring, and calves in the
Bathurst Inlet region. Kelsall (1968) attributed the frequent use
of winter ranges between the north shore of Geat Bear Lake and
Conjurer Bay, between Indin and Mattherry Lake, «nd north of Gordon
Lake to the excellent patches of spruce-lichen forest that are found
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there. Caribou regularly winter in the Hidden Lake area east of

Yel | owknife (near the winter road) since at |east 1973 (R. Bromley,
pers. comm, ). O interest is the nmention by Carke (1940) of a
caribou herd that summered in the Contwoyto Lake area (possibly herds
of males that stopped short of the calving grounds [Kelsall 1968])
and of another herd that wintered there. At present, few caribou

use the Contwoyto Lake area except during mgration. Also of interest
is the well docunented shift in the calving grounds from an area
south of Bathurst Inlet (Kelsall 1968) to the presently used calving
grounds ecast of the inlet (LUIS maps).

According to the LU S maps, caribou mgration may occur across
the entire central portion of the study arca. The particular mi-
gration route used during spring depends to a Targe extent on the
late winter (March) distribution of caribou. Caribou that winter
near G eat Bear Lake can be expected to migrate across the Takijuq
Lake area, along the mgjor river valleys leading to Bathurst Inlet
(parallel to the coast), and finally across tile ice of Bathurst
Inlet to the calving grounds (Figure 13). Caribou that winter north
of Great Slave Lake have been shorn to nmigrate to the Bathurst Inlet
area in a nore dispersed pattern across a larger portion of the
study area (Figure 13).

Sumner movements of caribou arc best described as nomadic.
After calving, caribou iiove to (areas where suitable forage exists
and where sone relief frominsect harassment can be found. Large
post-calving herds formin suitable areas near the coast or on
high ground exposed to the wind. During August, caribou tend to
di sperse over a wide area and are no |onger found in dense aggre-
gations (Kelsall 1968).

The routes taken by caribou during fall migration are nearly
as unpredictable as during the spring mgration with the exception
of novements near Contwoyto Lake. Typically, a large nunber of
cari bou nove southwest to Contwoyto Lake, separate, and move around
either side of the lake (G Calef, pers. comn.). A major water
crossing exists at Pellatt Lake (Calef and Boxer 1977).
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Movements on winter range are nore restricted than the summer
wanderings of caribou, but the herd remins basically nonadic.
Shifts of caribou fromone part of the range to anothér may occur
throughout the winter, but novements on the winter range are nost
noticeabl e during February and March, immediately before the ini-
tiation of spring mgration (Kelsall 1968).

Historically, barren ground caribou popul ati ons have been sub-
ject to large numerical fluctuations (Kelsall 1968). The Bathurst
cari bou herd has been surveyed since 1.949 and, although it is ap-
parent that estimates of herd size are subject to considerable
error (viz., estimate of 94,000 caribou during 1966 and 145, 000
cari bou one year later--an inprobable increase without massive
irmigration and undoubtedly the result of error), the herd has
apparent |y undergone a Major popul ati on fluctuation Since the
inception of systematic surveys (Table 2). Presently, the Bathurst
herd, which numbers about 150,000 animals, is the largest caribou
herd in the Northwest Territories (Calef 1977, Calef and Boxer 1977).
The calving herd now nunbers between approximately 60,000 and
100, 000 breeding cows (Boxer 1974; Calef and Boxer 1977).

During the fall of 1977, calves werc estimated to conprise
about 23% of the nerd (D. llcard, pers. comm.) which is considerably
hi gher than previocusly reported [all calf percentages of other North
American caribou herds (see Calef and Roxer 1977). Calf percentages
during the fall of 1978 were |ower (17.5% D. Ileard, pers. comm.),
but were still comparable to or higher than nost previously reported
ratios.

Human harvest of the Bathurst caribou herd is estimated to be
bet ween 4% and 5% annually, of which 4000-6000 animals are taken by
native hunters (Calef and Boxer 1977). Wintering caribou north of
Yellowknife are heavily hunted as a result of access from the winter
road (R Bromley, pers. comm.).' Little is known about the extent
of other mortality factors such as predation. In fact, the popu-
| ation dmanics of the Bathurst caribou herd have not been studied.
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Table 2. Estimates of Calving Herd and Total Herd Sizes of the
Bathurst Caribou Herd, 1949-1977

Estimte

Year Breedi ng Cows Total nerd Sour ce
1949 219, 000 Banfield 1954
1951 143, 000 Kelsall 1955
1960 95, 000 McEwan 1960
1966 65, 000 94, 000 Wllianms 1966
1967 73,000 145, 000 Thomas 1969
1970 100, 000 163, 000 Boxer 1970
1971 81, 000 159, 000 Boxer 1971
1974 101, 000 174, 000 Boxer 1974

1977 62, 000 152,000 Calef and Boxer 1977
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Potential Inpacts of Road Devel opnent

Because caribou are mgratory, an entire herd can be exposed
to a road that bisects the region between summer and W nter ranges,
The potential inpacts of |inear devel opnents on caribou have re-
ceived considerable study since the inception of the Trans-Alaska
Pi peline and the associated haul road.

Reduction of the available range and increased hunting pressures

are the major potential effects of highway devel opnent on caribou
popul ations.  The following is a sumary of potential inpacts of

road devel opment on cari bou.

1. Habitat |oss caused by road construction activities,
by avoi dance of the corridor by caribou, andbythe
disruption of traditional mgration routes of caribou
poses a serious threat. Although the anount of habitat
actual ly destroyed by road construction woul d be snall
indirect loss of blocks of prine habitat caused by
caribou avoiding the road corridor and by the road
acting as a barrier to caribou mgrations could be
critical. The potential for caribou to be excluded
froma portion of their normal range by the road is
| argel y unknown. However, failure of caribou to cross
t he Trans-Alaska Pipeline haul road (Cameron and Whitten
1978) and of reindeer to cross a railroad in Norway
(Klein 1971) have been docunent ed.

2. Increased disturbance and particularly increased hunting
pressure associated with inproved access could have ser-
lous inpacts on caribou populations. These aspects have
not been studied, but have been identified as a major
concern (Walters et aZ. 1979). In view of the fact
that the sizes of nest caribou popul ations, including
t he BRathurst herd (Calef and Boxer 1978), appear to be
stable or declining, increased nortality from hunting
may have severe consequences.

3. Mortality from collisions with vehicles would probably
be low in open tundra areas but could be substantial
in wooded areas, especially during winter when the
snow pl owed road nay attract aninmals because of the
ease of travel along the road. Snowbanks al ong the
road may make escape fromthe road difficult.
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4. It has been specul ated that non-breeding wolves follow
caribou onto their summer range whereas nost adults
nornal |y den away from the caribou calving and post-
calving grounds. If this is true, then devel opments
that affect the distribution and seasonal novements of
caribou woul d al so have a pronounced affect on the
distribution and movenents of wolves. These changes
coul d have severe consequences for the Bathurst caribou
herd (e.g. exposing calving and post-calving herds to
predation both by breeding and by non-breeding wol ves).

5. Caribou that are forced to cross a road or to find
suitable range near the road may suffer increased |evels
of stress from frequent disturbance (Ceist 1975; Villmo
1975) . The effects of such stress are unknown. It 1is
al so unknown whet her caribou would habituate to the road
and associated traffic.

Research Requirements

Data on seasonal distribution and densities of caribou in the
portions of their summer and winter ranges affected by the corridor
are needed in order to assess the potential inpact of a specific
road devel opment on caribou and to recommend road alignment.
Because of the large annual variability in caribou distribution
and novements, studies nust be conducted over several ycars and
nust consider the distribution and movements of the entire herd.
Such broad-scal e studies would enconpass much of the study area

Movements of migrating caribou across the road corridor rnust
be documented over a period of several years. The general mgra-
tion routes of the Bathurst herd are Xnown, but specif{ic data on
the proposed corridor are necessary. Data fromwthin the corridor
shoul d be conpared to overall distribution and densities and to the
pattern of movenment documented during previous years. Aerial sur-
veys along the corridor would be necessary to assess the mgration
through the area during a short period of tine.
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Because of the potential of road development to incrcase
nortality rates of caribou, it is critical to understand the popu-
lation dynamcs of the herd. Studies to determne the crude annual
natality rate and the survival rate (including nortality attributed
to predators, hunting and ot her causes) should be conduct ed.

Studi es should be initiated to determ ne the nunber of caribou that
are killed by predators, by hunting and the total annual nortality.
The ratio of caribou killed by hunters versus the nunber used should
be derived to accurately reflect mortality caused by hunting and to
design managenment pl ans accordingly.

Aerial surveys of the calving grounds of the Bathurst caribou
herd presently being conducted by the Northwest Territories Fish
and Wldlife Service should be continued. Fall segregation counts
should also be continued and exnanded (sufficiently large sample si zes
in nmore areas).

The nost critical rescarch need in order to assess inpacts of
caribou is a long-term study of the response of caribou to distur-
bance. In order to mitigate the Lypacts wund improve on the environ-
mental aspects of road design in the north, it is necessary to know
how the distribution and abundance of caribou are affected by
existing reeds (i.e. was the populat ion affected through stress,
loss of habitat, change in natural predation and/or harvest rates) .
Often, these pararcters can only be measured in indi rect ways

(e.g. changes in mgration pattemns, conposition counts).
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SIAMARY OF |, |1 7A11. 4BLE DATA

Bl RDS

Previous studies of birds in the study area have usual ly been
both short-term and limited in scope. Portions of the study area
have not even received cursory survcys for birds and as a result,
the distribution, movenments and abundance of birds in the study
arca are poorly known.

I nformation concerning the prescnce and activities of birds
has been recorded by explorers (c.g. Richardson and Swainson
1S31; Seton 1208; theeler 1912) , by biol ogists invol ved primarily
in ot her {iclds of rescarch (Clarke 1240; Ellis 1956; Tener 1956;
Mclwan 1957; Kelsall 1966, 1970), during opportunistic visits to
specific areas (e.g. Rising and Schueler 1975), and during com
pi l ati on of faunal inventories of specific areas (Kelsall etal.
1972) . Most of the recent information is contained in field notes
of professional and non-professional observers.

I ntensive surveys Tor peregrine falcons have been conducted
only in the Rathurst Tnlet area. Nest sites of golden eagles
and gyrfal cons were alsorccorded during thesesurveys. A relatively
accurate costimate of theabundanceof peregrine {alcons, colden
cagles and gyrfal cons exists for the coastal arca of Bathurst
Inlet. Raptorial birds have not been intensively surveyed clse-
vhere in the study areca wi th the exception of un intensive survey
of bald caglenest sites on the cast arm of Great Slave Lake during
1978.

There have been no surveys for whooping cranes or Eskimo
curlews in the study arca, but the existing in formation strongly
suggests that the probability of these species occuring ncar a
road woul d be |ow

Waterfowl studics have been conducted in two general regions
of the study arca. Precding bird transccts ond an intcnsive study

of ducks were conducted in the southwestern portion of the study
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area, near the highway to Yel lowknife. This area has been identi {ied
as above average habitat for wat erf ow . Several staging areas p,,.
wat erfowl have been identified within the study arca, but, with the
exception of a survey by Jacobson (1978), only small portions of the
arca have been intensively surveyed for staging waterfow (i.e.

Queen Maud Qul f Bird Sanctuary, Bathurst Inlet and portions of

t he Glacial Lake McConnell region).

MAMMALS

cons”iderably nore infoirmation ex: ts for mammal s in the study
arca than for birds. Nevertheless, only caribou and ymskoxen have
been intensively surveyed. Nunerous casual observations of wolves
and grizzly hears, Jong-term studies of caribou andshorter-temm
surveys of muskoxen provide a general knowledge of the distribution,
abundance and novenments of these species of mammals in the study
arca. Still, many arcas have not been surveyed and specific infor-
mation necessary for inpact studies of road devel opment is lacking.

There have been no quuntitative studies of wolves or grizzly
bears in the study area. 1MMost recent information on wolves, bears
and their dens i s from cosual observations. These observations give
an indicati en of some key arcas for welves and ¢r i 7z 1v hears , but
our knowledge ofthese species in thestudyarcais st il
mudiment ary.

Cari hou and : uskoven have rece ived more s tudy in the s tudy ar =a
than wolves end grizzly bears. Surveys of nuskoxen i n a il a rge s rea
centred around Rathurst Inlet have recently been conducted and nuch
of the study area was surveyed for both muskoxen and caribou in
order to ccmplle the LUIS maps. lowever, _the recent distribution
and abundance of muskoxen away from the coast is poorly Lnown.

Themost intensive and longest-term research in the study
arca has heen conducted on the Bathurst caribou herd. These
studiecs  were Initiated during 1219 and heve continued interinit-

tently to the present. Recently, surveys of the cal ving grounds
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and fall conposition counts of segnments of the caribou herd have
been conducted on almost an annual basis. The abundance, distri-
bution and movenents of the Bathurst caribou herd have been well
documented within the study area; however, because of the annual
variability in these parameters, dependence on past data i S not

adequat e {or studics of specific corridors.



RESEARCH PLANNING

RESEARCH | NI TI ATI ON

This project is unusual in that ample lead-time exists before
devel opment so that a properly designed research program can be
inplemented. In this section, we discuss a nunber of guidelines
that we believe should be considered during research planning.

The specifics of devel opment of a road in the study areca have
not been defined. It is our experience that without clear definition
of the probable devel opment activities, data collected by researchers
in specialized fields may not be applicable to the problem of impact
assessnent and mitigation. Tn order to define [Devel opnent activities
and to ensure the relel-ante of the data that are collected, a short
meeting should be held previous to the first field season. This
meeting should include governnent managers, highway engineers and
a wide selection of biologists. Such a neeting should result in:

1. a clearer understanding of the problems that need to
be addressed, and

2. nodification of research plans to meet 'interdis-
ciplinary' data requircments.

limited field study should he conducted during the first yecar.
Many of the necessary data can be collected during the first year
of 1limi ted field research. ‘fore inportantly, additieonal insights
and questions will a rise {rom the first yeav's work. There [ore
it is most efficient to carry out the major field effort during a
second year when data requirements and met hods are better de {ined
and the relevant data can be obtained more efficiently.



PROJECT INTEGRATION AND IMPACT ASSESSMENT

As di scussed above, we believe it is inportant to avoid a
characteristic of almost all major inpact studies--the tendency
to expend all the effort and funds during the first year of re-
search.  This lcaves little opportunity for recovery from errors
in research design and allows little chance to study important
factors identified during the first field season. W also be-
lieve that conventional inpact assessments have unnecessarily
suffered fromthe almost conplete separation of the various
disciplines. *This independence is a result of the historical
devel opnent of ecol ogical research. ‘The lack of integration of
the disciplines i S a problem not only between the biol ogical and
physical scientists, but also between biol ogical disciplines
(e.g. botany and zoology) and cven within a fairly narrow field
(e. g. vertebrate ecol ogy).

The isolation of disciplines is especially significant wth
respect to inpact-related research, because many of the nost im-
portant inmpacts are on processes that link trophic levels or on
interspecific processes that operate at the popul ation level
(e.g. predator-prey relati oships) . Traditional ‘ baseline’ impact
assessment rescarch IS often inadequate as a hasis for recognition
of these impacts or cvaluation of their significance. In order
to evaluate these impacts, both [h.rescarch design and the impact
assessment process should be carried out on an interdisciplinary
basi s.

Maintenance of an interdisciplinary (rather than nultidiscip-
linary) research and impact assessnment program is extroemely difficult.
There is a constant tendency for scientists to fall backon tradi-
ticnal duta collection nethods that do not provide relevant infor-
mation for impact assessment. In order to counteract this tendency,
we woul d make the (ollowing reccnendati. ens:
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The research should be preceded by a planning
wor kshop and should include a relatively small
field effort during the first season.

Research should be tightly managed; it should
not be unduly sub-divided among a large nunber
or agencies and organizations. This approach
al so leads to savings in field costs because
many phases of the field studies can often be
conducted by a single field crew

The research programs should be regularly re-
viewed in conjunction with reviews of proposed
devel opment plans in order to ensure that
research design and anal yses are relevant to

i mpact prediction and assessnent.
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SPECI FI C CONSI DERATI ONS FOR SURVEY DESI GN

This section describes some of the survey variables that nust
be considered before initiation of studies and some of the data
collection requirements that must be incorporated into the survey

met hodol ogy.

1.

2.

—~

J.

4,

I dentification of Corridors. Presently, 13 different
transportation alternatives have been proposed for the
study area. Seven of these alternatives involve road
construction through a portion of the study area and
two alternatives require the construction of a rai
line. It is not feasible to study the entire study
area or even to study all six transportation corridors.
Sel ection of corridors that are nmost likely to be
considered for devel opnent is an essential first

step in the inpact assessnent process.

Corridor Wdth. The corridor nust be sufficiently wide

so that nost inpacts of road devel opnent and operation

fall within the corridor. Any spur devel opments

(e.g. borrow sites) should al so be incorporated w thin

the corridor. Because of the variable range of potentia
inpacts, it is not possible to designate a uniformcmrider
width. The corridor width should be largely dictated

by natural features (e.g. valleys) and should be nar-

rower in heavily wooded areas than in open tundra
regi ons.

Coverage of Acrial Surveys. During the first year of
studies, coverage should be extensive and designed to
obtain an overall perspective on wildlife use of the
entire corridor rather than to obtain detailed infor-
nmation through intensive coverage. Coverage during

the first year should sample all of the various habi-
“tats along the corridor. During the sccond year, in-
tensive surveys (e.g. 25+% coverage) of habitats
identified as key areas can be undertaken with |ess
intensive coverage (e.g. 15-20%) of less well used areas.

Coverage of Ground Surveys. Coverage of ground surveys
chould be limted and should concentrate on poténtial
key areas identified fromaerial surveys.
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Aerial Survey Design and Tim ng.

a.

Mammal Surveys. Wth the exception of surveys
for grizzly bears and summer distribution surveys
for caribou and muskoxen, these surveys are best
conducted during the late fall to early spring.
Gizzly bear surveys can be conducted fromlate
spring to early fall; valuable seasonal distribu-
tion, abundance and habitat use information on

ot her species can be gained during these survey
periods as well. The corridor should be stratified
and systematic linear surveys should be conducted
wi thin each stratum

Denning Surveys. Aerial denning surveys for wolves

are best conducted during the period previous to

whel ping (about late April) when females are exca-
vating den sites. Additional information can also

be gained from surveys conducted after the pups

energe fromthe den and are-visible at the den

entrance.  Surveys for grizzly bear dens are nost
effective during the peak energence period (usually
during early May) or during the fall denning period
(md to late October). Denning surveys should (1)
non-systematically search the entire corridor for
|ikely denning areas and (2) systematically investigate
these areas thoroughly for den sites. These surveys
shoul d be conducted by helicopter so that investigators
are able tofreely vary the survey height and speed as
warranted by conditions and to land at den sites (where
no or limted disturbance would result) to more accurately
determine den site characteristics.

Nesting Raptors. Non-systenmatic surveys using fixed-
wing aircraft can be effectively enployed to establish

i ndi ces of abundance of tree-nesting bald eagles (and
ospreys); however, nests are invariably overlooked during
such surveys (Grier 1977). For a conpl ete count of
tree-nesting bald eagles cither a single intensive

search of riparian habitat using a helicopter or

repeated searches using fixed-wing aircraft would be
necessary.  Surveys for cliff-nesting raptors should be
conducted at the optimal time for studying the peregrine
fal con because of its status (endangered or threatened)
and because its nests are nore difficult to detect than
those of other cliff-nesting raptors being considered.

The identification of peregrine eyries by helicopter
surveys relies to a large degree on flushing the adult(s)
fromthe cyrie. To assure that an adult is present at the
eyrie (Cade 1960; Harris and O enment 1975), and that the
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di sturbance created by the survey does not lead to
desertion (Fyfe and Olendorff 1976), the optinal
survey period would be during the two weeks follow ng
hat ching of eggs (early to md-July). The nesting
schedul e of the golden eagle is simlar to, although
sonewhat earlier than, that of the peregrine falcon.
Gyrfal con nesting schedules are considerably earlier
(Platt 1976) and young would be well devel oped at the
time of the surveys.

d. Nesting Waterfow . Surveys should be conducted from
fixed-wing aircraft and should enploy standard strip
transect nethods devel oped by the U S. Fish and
Wldlife Service (Anonynous 1968). Should potentially
I nportant nesting areas be identified by these sur-
veys, nore detailed information may be gathered during
subsequent years. Aerial surveys along the corridor
shoul d be coordinated with the U S Fish and Wldlife
Service surveys so that, for surveys conducted in
simlar habitats, conparisons may be made.

e. \Waterfow Concentrations. Non-systematic surveys of
selected wetland habitats should be flown during
spring and fall to |ocate major moulting or
staging sites within the corridor. Although the
timng of seasonal events varies from year to year,
during nost years surveys for spring staging water-
fow can be conducted fromlate April to late June.
Fal| staging surveys should be conducted between
m d- August and mid-October. The periods of moulting
vary fromone species to another. A non-systematic
survey conducted once during July and once during
August would be adequate to identify any moulting
or brood rearing areas within the corridor.

G ound Survey Design and Timng. The timng and design

of ground surveys for grizzly bears, muskoxen and caribou
should be determined from infoirmation needs identified
from aerial surveys. [\Tinter track counts should be con-
ducted at least three times during the winter along

| inear transects |located through a variety of habitats.

G ound observers shoul d search selected cliff areas for
cliff-nesting raptors to ground truth results of the

aerial survey. Gound searches should be conducted during
the sane period of time as the aerial survey.
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APPENDI X |

The following definitions are those currently used by the
Committee on the Status of Endangered Wldlife in Canada (COSEWIC).

species - any species, subspecies, or geographically separate popul ation.

rare species - any indigenous species of flora or fauna that, because
of its biological characteristics or because it occurs
at the fringe of its range or for some other reason,
exists in low nunbers or in a very restricted area of
Canada but is not a threatened species.

threatened species - any indigenous species of flora or fauna that
is likely to become endangered in Canada if the
factors affecting its vulnerability do not become
reversed

endangered species - any indigenous species of flora or fauna whose
existence in Canada is threatened with inmmediate
extinction through all or a significant portion
of its range owing to the action of man.

extirpated - any species of flora or fauna no |onger existing in the
wild in Canada but existing el sewhere.

extinct - any species of flora or fauna formerly existing in Canada
but now no | onger existing anywhere.




