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INTRODUCTION

Mineral exploration and extraction is the major industry in

the Northwest Territories (Padgham 1978). Eight mines are in

operation in the N.W.T.; of these, five are located in the Great

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 much mining potential, but

the area presently lacks the necessary transportation facilities to

transport ore. Because mine development will require the develop-

ment of transportation facilities, the Department of Indian and

Northern Affairs is undertaking a study of transportation alterna-

tives for the mining regions of the northeast ]lackenzie District.

This report is the first stage in the process leading to assessment

of the impacts of transportation developments on wildlife popula-

tions in this area.

The objectives of this study are as follows:

1. To identify, gather, review and assess the informa-
tion that exists on the numbers, distribution and
movements of certain wildlife populations (rare,
endangered or threatened species, raptorial birds,
waterfowl , grizzly bears, muskoxen, ~(olves, 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 impact of road development on wild-
life populations;

b. recommend alternatives that ~iill minimize the
impact of a road; and

c. evaluate management alternatives and mitigative
procedures that might be required if a road
development proceeds.
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We have interpreted objective 2 in a specific rather than a general

way and have, therefore, limited the range of research plans to

those that will provide basic information necessary for assessment

of the major impacts of road construction and operation. For

example, we have not included in the research plan studies of

‘carrying capacity ‘ and ‘range utilization’ that would be necessary

to predict impacts related strictly to habitat loss, because the

amount of habitat destroyed by road development is in most cases

minor. llany additional studies would be required to predict the

probable severity of a wide r,ange of ‘minor’ impacts. Tile assess-

ment of these lesser j.mpacts would require detailed monitoring of

basic biological and life history parameters and has not been

addressed here.

The terms of reference limit this study to consideration of

rare, threatened and endangered species, raptorial birds, water-fowl,

and four species of mammals. The constmction and operation of a

road would affect many other species within the road development

corridor. ,4 more canplete impact assessment would consider these

other wildlife species, especially game and forage species of fish,

furbearers (arctic fox, beaver, marten, river otter and ot]lers), and

lnoose. If the transportation alternatives that are developed include

a docking facility, then impact studies should also be extended to

the marine environment.

It has been assumed that research will be initiated after

selection of one or more general corridors. The corridor approach

to impact assessment is comnon in dealing with linear developments;

in this case, the corridor approach is the most economically fea-

sible method because of the size of the area considered and a

general lack of knowledge of most of its wildlife populations. .4t

present, six different road and railroad corridors are being con-

sidered [FiSwre  1). Each 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 wide range of

highway - wildlife interactions ; selection of some corridors may

make parts of the research plan unnecessary. I\’e have identified

information gaps and designed a research plan that will provide a

basis for impact assessment, subsequent mnitoring,  ~d elraluation

of management alternatives.
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STUDY AREA

The study area (Figure 2) extends from 62°00’ to 68°57’N and

from 104°30’ to 120”30’W and encompasses a land area of approxi-

mately 356,000 km2. The area is confined to the western extremity

of the Precambrian shield and is predominantly a high (approximately

450 mASL) 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 lowlands, forming Bathurst Inlet. The topography adjacent

to the inlet is the most precipitous and varied in the study area.

The uplands rise steeply from Coronation Gulf and only along Queen

lfaud Gulf, at the northeaster extremity of the study area, is

there an extensive coastal lowland area of recent marine emergence

(Bird 1963, cited by Ryder 1969). The area bordering the western

arm of Great Slave Lake at the southeastern extremity of the study

area has been influenced by deposition from Glacial Lake filcConnell.

This area is lower in elevation (approximately 150 mASL) and in

relief (approximately 10 m) than the highland areas to the north

(llurdy 1965).

I.Akes and ponds are generally n~mvmous throughout most of the

study area; they are generally infertile, deep, clear and have

rocky shorelines. In both the Glacial Lake !lcConnell and Queen

filaud  Gulf lowland areas, lakes and ponds tend to be more turbid.

The.study area encompasses a diversity of vegetation zones-f-

rom heavily wooded boreal forest to sparsely-vegetated tundra. .!bout

half of the study area is tundra and most of the remainder is forest-

tundra transition and open forest. Jacobson (1978) has divided the

study area jnto six ~i’ildlife  zones based on the eco-regions  of

Tarnocai and Netterville (1976) in northern Kcewatin; of }Iills (1976)

in northern ll,anitoba; and of Oswald (1’376) in the Yukon Territory

(Figl~re 3).
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Figure 2. -

nap of the Study Area.
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~ Forest-T.ndra  T r a n s i t i o n  ~ W e l l - V e g e t a t e d  T u n d r a  ~ Sp.rsely-Vegetated  Tundra

Fibwre 3. ? laj or N’i.ldlife  Zones in the Study Area (.~dapted  from
Jacobson 1978) .
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The study area includes portions of the Queen }laud Gulf l.ligra-

tory Bird Sanctuary (approximately 14,000 km2), the Thelon Game

Preserve (approximately 1,500 lun2) ,and the entire 13athurst Inlet

IBP 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.

Ilost of the study area is undisturbed wilderness. The small

amount of settlement and development that has occurred is restricted

primarily to the southwestern periphery of the area. Only small out-

posts exist along the northern periphery. The central and eastern

portions of the study area are almost entirely undisturbed wilder-

ness areas.

The study area has received little biological ;.nvestigation.

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 waterfowl in the Glacial l;ake

McComell area and of goose populations (particularly Ross’ goose)

in the Queen Ilaud Gulf area. Information concerning other wildlife

species and other parts of the study area is generally qualitative

and fragmentary.
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.
~igu~-e 4. Ifildlife  Sanctual-ies  and IBP Site in the Study Area.
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As a preliminary step in the development of an impact-related

research plan, the nature and magnitude of potential jmpacts of

road development must be assessed. The folloltiing paragraphs briefly

review some of the impacts that are anticipated and the vulnerability

of some of the species involved.

Wildlife may be affected by three major forms of impact asso-

ciated with a road:

1. habitat oltcration or loss,

2. disturbance, and

3. direct mortality.

‘1’hcse factors may act indcpcndcntly  or in combinaticil  to cfiuse impacts.

11W31TAT ALTERATION

The direct ilestructi.on  of habitat by road constr~]ctionj

though limited in extent, is the most evident form of impact. If

am affected habitat is Iiidcly distributed (e.g. boreal forest),

rc(ad constrllction ‘l.o~lld prob; lbly constitute Llnly :1 minor ij, jxict.

~~~~l~~ction  of ;]rl~.oi~];:on or r.lre I]:lbi. tJts That ;]re important to

~~ildlife (e.g. raptor nesting cliffs, certain ~~etlands) can, however,

constitute a more serious impact. Ilore sllbtle than the immediate

:md ob~?ibl]s  effects OF habitat destruction is long- tcun altcl;ltiorl,

nnd perhaps [Instruction, resulting from such f:lctors as altered

drainage patterns or chemical pollution.

Effecti>-e  habitat loss may also result from the exclllsion of

mimals from arc:ls slirrounding the road as a result of disturknce

caused by activities associated with a road. A most serious ~ mpact

could result if a road acted as a barrier to migrating nmmal.s (e.g.

carjbou) thilS render.ing liilaV:lil:lble large Illocks of ]d>itat. The

exclusion of a population from c:ritical habitat can be equj]-:llcnt

to elimination of the entire range of the population.
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DIS W\NCE

Disturbance of wildlife can cause stress that may alter normal

behaviour and energy budgets. Animals under high natural stress

because of environmental factors or the phase of their life cycle

(nesting birds , nigrating caribou) are particularly susceptible to

added stress from disturbance. During such times the added stress

from disturbance could result in increased mortality or decreased

reproductive effort. Even ~(hen energy budgets are not critical,

disturbance could produce behuvioural responses that would decrease

the prodllctivity of the disturbed animals. Disturbance of animals

can result from construction, operation, and maintenance of a road

and from recreational and commercial activities that road access

~~ould permit and encourage.

DIRE,CT IIORTALIIT

Direct mortality of ~<ildlife can result f~om collisions with

Vehicles. Road kills can further attract scavengers (wolves,

grizzly bears, bald eagles, golden eagles) :.~nd increase the like-

lil~ood of collisions ~{ith these species and f~lrther increcse

jnortali.ty. poa(~s , porti.culal>ly  the l]lohcd sllrface  of ro~ds during

]( int er, ;ilay also be Ilsed for travel by some ~i’ildlife,  and I-bus the

probability of collisions ~iould be increased. I!ore importantly,

ho~{cl-er, the increased access provided by these roads ~tiill open up

~;ildcrncss areas to increased legal and illegal hunting ~~nd ~- rfill~  in~

pressure.

Distribution and mobility of wildlife populations influence

their potential for tipact from rcod (lC31rf21’Jllll~C’llt. ?Jarge se~mlcnts

of t?~e l~opulations of yc:arious nnd highly migratory bpc=cies (e.g.

caribou) and species that concentrate in restricted habitats [e.g.

staging, ,:ioulting  or colonial-nesting ~~aterfowlj  are more likely to

interact it!ith road acti~’ilies thnn are species that :~re ~~:idely dis-

persed ,and that occupy a l-.ariety of cmmon ?Inbitats.
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J.lTERAITJRE REVIEW.4. ND RESEARCH REQUIREVENTS—.

BIRDS

Rare, Threatened and Endangered Species*

Three species of birds currently considered to be rare,

threatened or endangered in C,anada (D. !Juir, pers. comm.) either

inhabit, have inhabited, or have a high probability of occurring

within the study area: peregrine falcon, cskimo curlew and whoop-

ing crone.

Peregrine Falcon

Status.——

‘1’he precipitous decline of percgri~le  falcon populatiwls  of

:Jorth ,’lmerica and \.-estcrn Europe since the late 1940’s has been

well documented (Ratcliffe 1963, 1972; lIickey 1969; Cade and Fyfe

1970; J,inberg 1.975; ~yfe et oZ. 1976). ,4 lost :lnd con~~inc.ing body

of cvidcncc has :Iccumulated  in rcccnt >’ears linking these tlc!clines

\:ith organochlorine contamination (for review see I’eakall 1976).

There are three subspecies of peregrine falcon in C:mada of

~{]lic]l Fa~co  ~e;j7ggi771ilL{S aiz.qt?um is considered to be en(langcred,  .~.p.

iwza’r{us is thre:atcned, and F.Lp. /’eczZei is rare [l). lluir, pers. COilM1.  ) .

F.p. tund’ius is found within t-he study area and F.p. mqtti;n may

inhabit (or has inhabited) parts of the area. F.p. ~-~olci is a

resident of the isl;lnds off the P:~cific coast Ind does not occur

within the study area.

.—

‘+For definitions of tl]ese terms, sce .lppcndLx 1.
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Knowledge of Peregrine Falcons in the Study Area

The distribution and abundance of nesting peregrine falcons in

the study area are not well known. Fyfe (1969) has classified

nesting habitat of peregrine falcons in northern Xorth America into

three categories: optimal, limited, and marginal. The study area

contains a substantial proportion of the total amount of ‘optimal’

and ‘limited’ nesting habitat in northern continental Xorth America

(Figure 5). The Bathurst Inlet area is the only part of the present

study area where nesting peregrine falcons have been monitored on a

long-term systematic basis. FICEWUI (1’357) was the first to report

peregrine falcons nesting near 13athurst  Inlet, and subsequent repeated

searches (by boat, aircraft, and on foot) of the coastal cliffs of

the inlet and parts of Coronation Gulf and !!elville Sound by the

Canadian l~ildlife Service have iilentificd  a total of 27 nesting

territories (Fyfe et aZ. 1976). Only 4S% of these territories were

occupied during 1975; Fyfe et aZ. (1976) have concluded that this

population is declining.

Throughout the remainder of the study area, systematic pere-

grine falcon surveys have not been conducted and few nest sites have

hcen confirmed (R. Fyfe, pers. comm.). Tlurjng recent years, hcm’ever,

a n:iiher of lmconfirmed nest sil-cs have been ~~pOrted in l’arious

parts of the study area (L. Covello, R. F~-fe and R. )lcKillop,  pers.

Comm. ) . In addition, nine historic sites were reported in the

Yellowhife area by the late I’/illiam ?lacbnalcl (R. Fyfe, pers. comm.).

The recent unconfirmed reports of ;’cregl”ine falcons nest;ng l;ithirl

the study area suggest that nesting populations may be larser than

previously expected.

Potential Impacts of Road Pevelopi;lcnt—

Potential impacts of road construction and operation on ncstjng

peregrine falcons could be cmsccl by loss or dcgra[l;ltion  of nesting

habitat, disturbances, or the l-enoval of young to be sold to falcGncrs.
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Figure  5. Potential filajor ?Jcsting Habitats for Peregrine Falcons
in the Study Area (Adapted from Fyfe 1969).
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Cliffs suitable for nesting peregrine falcons generally constitute

a rare 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:

could prevent pairs from nesting or force birds to nest

habitat where their chances of successfully reproducing

decreased.

Nesting peregrine falcons are generally intolerant

ng sites

in inferior

~~ould be

of distur-

bance within the nesting area (Ilerbert and I]erbert 1969), but

there is considerable variation among pairs (Fyfe and Oldcnclorff

1976; l~indsor 1977; Alliston and Patterson 1978; Parker 1979).

Intolerance to disturbance also varies within the nesting season;

peregrine falcons are most sensitive to disturbance during the early

phases of breeding (territory establishment, mating, egg-laying)

(Fyfe and Oldendorff 1976). In addition to disturbance from road

constnlction and operation, increased recreational activities near

peregrine falcon nesting areas could be an additional source of

disturbance. Such disturbance could result in abandonment of the

nest site :lnd/or  increased mortality of eggs and young.

C;lpti\re pcrc~rine falcons co~,ml:md  ~ery high prices on the black

curket. .?cccss to peregrine fnlcon nesting :Lreas for the pllrpose

of capturing j-rxmg falcons could have a serious impact upon pere-

grine falcon populations.

Peregrine f:llcon popu]aticns  I(hose rcproductil-e potential IE3S

‘been lo~fci-ed ‘by organochloi-ine contamination :~re p]obably less uble

to withstand ~levelollment-]-elated  impacts tlmn are healthy populations.

Finncy ond Lang (1975, cited by 13erger 1977) have stated “Due to the

~ensitivjty  of t]le peregrine pOpUlati.0]1, clcl-elopers l~al’e to face the

fact that the destruction of a single nest site or jnierfercnce ~<ith

nesting in a. single !-ear is a serious , L~macccptable  i~pact”.
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Research Requirements

To assess impact 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. Preliminary recommendations concerning routing within a

corridor can be made by sampling habitats in various parts of the

corridor. llowever, final road aliment cannot proceed until all

potential peregrine nesting habitat along the proposed route is

thoroughly searched.

Non-systematic surveys of peregrine falcon nesting habitat

should be conducted from a helicopter by experienced surveyors and

pilot (Ifhite and Sherrod 1974; Alliston and Patterson 1978).

Resurveys, gro~md truthing of selected areas, or both are necessa~

to insure the accuracy of the surveys.

I’,’hooping Cr3ne—.—

Status

Perhaps the best known of ?Jorth .?merica’s rare and clldangcred

species is t-he ldlooping crane. This species has never been :Il>uild:mt

in historic times; during 1S50 Allen (1952) estimated that the popu-

lation numbered approximately 1500 birds. By the 1920’s t]le ])o]>ula-

tion had dropped to fewer than 100 birds and (luring 1941 the popllla-

I ion had reached a low of 1S birds. Today there are ;lpproxinately

74 wild whooping cranes (Toronto Globe ,and !lail, 13 ,’lpril 1979).

Nhooping crcanes nest in a 500 kmz area in Ifood BLlffalo ::ational

Park, :ipprox i.m;~t ely !30 km south of tl)e st~l~iy area. ;<o confimed

sightings of lfl)oopimg cranes have been made in the study area;

however, two separate unconfirmed reports ~~ithin a fcw days of each

other from the Snare Ri~~er area styongly ~i]~g~~t  that non-brcwding

I{hccping cr:lnes ]:lay occasionally enter the study area [E. Ihlyt,

pers. Co]nm. ) .



Should non-breeding whooping cranes regularly use the study

area, the glacial Lake }lcConnell andl loss Forest areas (FiLmre 3)

would provide the most suitable habitat. These areas are close to

the nesting grounds and are more characteristic of the normal

habitat of whooping cranes (Novakowski 1966). The deep ponds and

lakes of the Precambrian highlands (tJacobson 1!378) would probably

not provide favorable foraging habitat for this species.

Potential Impacts of Road Development

If parts of the study area are reawlarly used by non-breeding

~(hooping  cranes then displacement by either habitat destruction or

disturbance could constitute a si~mifica]~t  impact on this endangered

species.

Research Requirements

It is not pl-actical to conduct aerial sur~,?eys specifically to

study the distribution of this species within the study area. During

the course of surveys for other species , observers ~<ould record

lti]looping cranes and ][l~p  iil~y sightin~s. SIIOUld I:]looping cranes be

found, the areas used, their :~ctivitics, and their d~u-atjon of stay

should be monitored as closely as possible ~{ithout disturbance to

the birds.

Eskimo Curlew

Status

IIistoric  records indicate that Eskimo curlms ~{ere ICIY cumer-

ous before the late 1S00’s. A rapid decline in Eskimo curlew popu-

lations occurred between 1870 and 1S90. ;Ilost :Iuthors  have s-uSgcsted

that excessil;e ]Iunting pi-cssure :lnd the Vlll]ler:lbility  of the l:~rge
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curlew flocks were primarily responsible for the decline of the

species (Forbush 1912; %enk 1’316; Bent 1929; Greenway 1958, cited

by Banks 1977; Godfrey 1966; and others). however, Banks (1977)

has speculated that climatic factors were also involved. The

Eskimo curlew was protected by the lligratory Birds Convention Act

of 1916; however, by 1916 its status was already precarious. At

present this species is believed to be nearly extinct. [Jnconfilrned

sightings are reported occasionally (e.g. llagar and Anderson 1977)

and a small remnant population may exist.

The first nest described for this species \{as found in the

stlldy area at Point Lake during the Franklin expedition (Richardson

:md S\;ainson 1831). There have been no other reports of this

species in the study area, hut little subsea,uent  biological work

has been done in this area.

Potential Impacts of Road Development.—

If nesting Eskimo curlews were to occur in the immediate

vicinity of a road, the impact of road construction and maintenance

~q]on this nearly extinct species could be serious. ‘Destruction of

nest sites or ]Icstiilg h:lbitat  during road ronstr.]ction mzy couse

cllrlem to mol’e to inferior l~abitats hhere they may II:lve low sur-

~:ival or reproductive rates. Disturbmce  of nesting birds could

also result in failure to nest or reduction of reproductive rates.

If nestipg Eskimo curlc~(s  ~;ere found ~{ithin a read corridor, it

v:ould be necessary that road construction not be permitted ~lithin

nesting areas and that the location of nesting areas be kept confi-

dential to prevent disturbance by bird~t’atchers.

Research Requirements——

The almost complete

c-~-cn  cf I(hat constitutes
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the extremely small population of this species, renders the development

of specific research plans unrealistic. A practical approach would

be for all biologists working in this area to be made aware of the

potential presence of this species and for any sightings to be

recorded and compiled. Areas from which breeding-season or repeated

sightings are reported should be investigated by ornithologists.
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Raptorial Birds

In addition to the peregrine falcon, 13

birds are known or believed to use the study

species of raptorial

area of which three

species deserve special attention: bald eagles, golden eagles and

gyrfalcons. All nest within the study area and are sensitive to

disturbance while nesting (Fyfe and Olendorff 1976). The two eagle

species are considered endangered in some 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 most

highly valued by falconers and increased access to nest sites could

adversely .affect the number of this uncommon species within a road

corridor.

Knowledge of Raptorial Birds in the Study Area

Bald eagles build nests primarily in trees in riparian  habitats,

although in the study area they frequently nest on cliffs (Allen and

Ealey 1979) and have been knom 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 Yellowlmife  a~ea ‘and along the shores and islands of the east

arm of Great Slave Lake (.Allen ,and Ealey 1979). These surveys l~ere

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 unoccupied 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 ~iere found on the islands of the east

,arm of Great .Slave Lake. l~llether  densities are similar in other
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parts of the study area to those found in the Yellowknife area is

not Iu-iown; 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 golden eagle is

occasionally it builds a

eagles are lmown to nest

Allen and Ealey 1979; R.

primarily a cliff-nesting species although

stick nest in trees (Godfrey 1966). Golden

throughout the study area (Jacobson 1978;

Fyfe, pers. comm.). Although numbers are

unlmown, the species is thought to be uncommon in the study area.

Surveys by R. Fyfe @ers. COMM.) of the Bathurst Inlet area have

revealed 10 nests; a boat and aircraft survey by Allen and lhley

(1979) along the east arm of Great Slave Lake produced only one

active nest.

Gyrfalcon

Like the peregrine falcon, the gyrfalcon is a cliff-nesting

species; however, it rarely nests south of treeline. Xests of

gyrfalcons on the coastal cliffs of Bathurst Inlet have been sur-

veyed repeatedly and monitored 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. llcKillop,  pers. comm.)

suggest that this species nests in low numbers throughout the tundra

portions of the study area.

Potential Impacts of Road Development

Road construction and operation would deleteriously affect

these three species of raptors t]]rough destruction or degradation

of nesting habitat, clisturb.ante, direct mortality, :~ld in the case
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of

of

tiy

gyrfalcons, removal of young for sale to falconcrs. Degradation

aquatic habitats could also influence the abundance of bald eagles

reducing the abundance or availability of prey species (fish).

Suitable cliff nest sites for gyrfalcons and golden eagles con-

stitute a rare habitat; the destruction of nest ledges, disturbance,

or degradation of the surrounding area may render these areas

unacceptable as nesting habitat, Destruction or degradation of

existing sites may prevent breeding or force birds into inferior

habitats ~(here their chances of successfully reproducing would be

decreased. Nesting habitat of bald eagles is not believed to be

limited, except possibly near treeline. Destruction of bald eagle

nest sites could result in a temporary decrease in productivity.

All 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 (Fyfe and Olcndorff

1976). In addition to the disturbance from road construction and

operation, improved access to nesting areas by ~ecreationists could

be an additional source

Research Rcqllircmcnts—

of disturbance.

I,ocations  of active nest sites near the road ~i]~t be kno~,n in

order to assess the impact of road construction and operation on

these species of raptorial birds. Preliminary recomencl:tions con-

cerning routing ~tithin the corrjdor can be m~de by sampling ~~ithin

different areas or habitats; llo~iever, all potential nesting habitat

along the route should be searched ?>efore final road alignment.

Secause gyrfalcons snd golden eagles, like peregrine ffilcons,

nest in cliff lnbitats, nest sites of these species ~(ould be

recorded during peregrine falcon sun-eys. Separate surveys of

riparian habitats south of treeline muld be required to identify

ba].d eagle il~st sites.
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Nat er fowl

Knowledge of Waterfowl in the Study Area

H’aterfowl  are found throughout the study area during spring,

summer and early fall. various species use the study area for one

or more of spring and autumn staging, migration, nesting :lnd molllt-

ing. A total of 22 waterfowl species are knom to nest in the study

area (Table 1). Few of these species nest throughout the study area;

many are limited by habitat preferences to specific parts of the

study area.

Knowledge of the distribution of ~~aterfo~~l within the study

area is based primarily on scattered, non-quantitative observations.

Relative abundances of the Irarious species that Ilse the area are not

Ivell known.

Some quantitative data are available concerning the distribu-

tion and relative abundomce  of ducks in the soutlm~estern extremity

of the study area. Transects totalling approximately 230 km in

length have been flown annually in this area since 1.956 by the U.S.

Fish and Itildlife Service as part of the waterfowl breeding grounds

suncy (I:iSure 6). “ll~cse surveys generall?- SI;OK that :~~cra~e or

lJCIOW average densities of ncstillg A]cks llsc these areas.

Quantitative information concerning breeding chronologies,

densities, md productivity of 12 species of nesting chicks is also

~vail:ible flom intensive ground-based studies conducted on a 39 ‘kmz

st[ldy area .in the ~{ctlonds along the nortlmest  arm of Great ,Sla~-e

Lake, betl;een l’ello~~knife ond Rae. The study area consisted of

40(ln strips m either side of the l’ellm~knife-llae high~{ay. This

~ietl.and is situated in the glacial Lake !hfonnell zone cnd is <an

above-average t>~~e of northeim (transition boreal forest) ~;aterfowl

habitat ~lurdy 1965; !furdy et aZ. 1970). Intensive studies \vere

L-onducted in this area from 1962 through 1965 ::nd general monitor-

ing of the area ~{as :nintaincd from 1!?66 thrmlgh 1!170 (lllr~ng  stu(lies



Table 1. Known Distribution and Activities of Waterfowl that Regularly Occur in Study Area.
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of the population ecolo<gy  of the lesser scaup (Trauger  1971).

The area studied by ?lurdy <and Trauger is situated in a region that

probably comprises some of the best nesting habitat for ducks in

the study area and is quite unlike the Precambrian highlands that

constitute most of our study area. Nevertheless, the detailed base-

line data a~’ailable  from this highway-impacted area should be

useful. Unfortunately, no comparable data ~tiere obtained from the

Yellowknife Study Area previous to the development of the highway.

Quantitative information concerning the distribution and rela-

tive abundance of nesting ~i’aterfowl does not exist for the remainder

of ollr study area. Reconnaissance surveys to identify concentrations

(staging, ]msting, )!oulting) of ~~aterfowl have been few [and limited

in extent lrithin the study area. Several surveys for nesting,

brood-rearing and moulting geese have been conducted in the Queen

lkmd Gulf IIigratory Bird %nctuary (lkmson et aZ. 1!256; Barry 1960;

Ryder 1969; Kuyt et a2. 1971; R. Kerbes, pers. comm.) at the north-

eastern extremity of the study area. Survey flights by Ryder (1969)

extended \\est to Bathurst Inlet and Kuyt et aZ. (1971) surveyed

the eastelm part of the Kent Peninsula. Of these surveys only

Kerbcs (pers. comm.) reported a major concentration of nesting water-

fo~i’1 ~;ithin the study area (see l~elow) . lhrry (1960) mwle a single

reconn:lissonce  fli@lt from Ycllellj’knife to B:ltllurst Inlet via

Contwoyto Lake during 1958 :lnd did not report T,:aterfowl  concentra-

tions in the study area. Jacobson (1978) reported a staging area

for ~{histling s~l;ms :~fter flying high l~vel wconnziss.ulce sul~eys

over the southern and south~iestcrn extremities of the study area.

The information that exists concerning concentrations of waterfowl

is deri~~ed largely from casual obsel~ations cnd is s~nunari=ed in

Fi9ure 6.
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The l,a~larte  and llarian rivers are spring and fall staging

sites for whistling s~,r,ans (Jacobson 1978; A. Goodman and S. Steffa.n-

sen, pers. Comm. ). Counts of these birds have not been made but

Steffansen estimates that more 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. .Ibrahamson (1!764, cited by

Kingsley 1979) stated that ‘htrndreds’  of Canada ~eese, snow geese,

and white-fronted geese stage in the delta of the Burnside  River

(Bathurst Inlet area) during spring migration.

According to the Land Use Information Series (LUIS) maps,

coastal areas of the Kent Peninsula and Jlelbourne Island are desig-

nated as important nesting areas for black brant, white-fronted

geese and eider ducks. Ilowever, Kuyt et aZ. (1971) found few

waterfowl on the northwest coast of Kent Peninsula or on llelbourne

Island. Lowland areas in the central Kent Peninsula are also

reported to be important breeding areas for whistling swans and

geese (R. JlcKillop,  pers. comm.), and a nesting colony of Ross’

geese :lnd snow geese exists near the Ellice River (R. Kerbes,  pers.

Comm.).

Waterfowl moulting areas have been reported along the southliest

co:~st of the Kent Peninsula (lfi~lker Ray) and in Daniel }Ioore Ray

(R. F?rfe, pers. comm.). A. ]Joc]lba~m (l]ers. COnm.) ~epol-ted  t~iat

coastal areas of IWhurst Inlet are used by rnoulting greater Scaup}

oldsqlu~is and alltmn staging eiders. Canada geese moult along the

Ellice ll~]rer (R. 1+-omley, pers. comm.).

Potential Tmpacts

Impacts of road dcveloprmt lq>on ~iatcrfo~rl  could rcslllt from

loss of habitat, disturbance, or through increased hlmting pressure

created by improved access to the study area. The potential for

jll}pact is greatest l(here I{aterfowl are conccntr:~ted [staging, rlOlllt-

ing, :lnd co]onjal nesting) and ~~hen they arc under phy~~o]ogical

StX’eSS (Stagi-ng, j.ncubation, moultin~].



Impacts caused by direct habitat destruction would probably

not be significant. Serious impacts would only be likely if a major

terrestrial staging area, colonial nesting site or an exceptionally

favorable habitat were destroyed. llodification or destruction of

extensive areas of wetland habitat resulting from interference by

the road with no~rnal drainage patterns could have an impact on dis-

persed nesting ~uaterfowl.

Impacts caused by disturbance of concentrations of waterfowl

by the construction and operation of a road ,and its auxiliary

facilities are more likely to occur. Such disturbance coLild place

added stress on ~roups of birds that are already energetically

stressed. Increased stress might lead to decreased production,

increased mortality rates, or both. Tmprovcd access may result in

increased disturbance and increased hurting pressure on ~{atcrfowl

in their staging, nesting, and moulting areas.

Research Reqllircments————.

To predict impacts of road construction :lnd operation on ~{ater-

iowl , information concerning the distribution, numbers and activities

of waterfowl in the ~tudy corridor mllst be ldlo~m. Of particular

ij:lPol-tan~e  is the i~lentification  of ,areas llsCd by conccntrxtions  Of

~.:~teyfowl (staging , moulting,  colo~lial nesting) and areas I;here hj.gh

densities of dispersed-nesting ~;aterfowl occur.

,~erial sur~”eys of wctl,ands along the proposed corri[lor  are the

only feasible i(ay to identify concentrations of ‘~,aterfowl  :Ind to ob-

tain estimates of numbers and species composition (esti),ntion by

e~~erienced  obse~ners; photograph-s).

Density-indices of dispersed ~;ate~fowl on nesting territories

are most accurately determined from surveys conducted by ground-

based obsemers. llo~wwer, to conduct such surveys o]~er a large

area \(ould be v-cry manpower intensive. Surve?’s using fjxc+~{ing

aircraft permit ccononical and broad co~-ci-~~c at the cost of
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decreased accuracy. Such surveys are recommended for a preliminary

overview of waterfowl distribution and numbers. If these surveys

suggest that more precise information is required for certain areas,

then surveys using a helicopter can be used, or, ~illen necessary,

surveys can be conducted by ground-based observers.



31

lwlmus

Wolves

Knowledge of Wolves in the Study Area

Four different subspecies of wolf have been recognized as

occurring within the study area (Hall and Kelson 1959). Although

it is unrealistic that so many distinct subspecies occur in our

study area, two noticeably different forms--the tundra wolf and

the timber wolf--are found in this region (J. Kelsall, pers. comm.).

Wolves are distributed throughout the study area (LUIS maps;

G. Calef and R. ~lcKillop, pers. corrun.); however, there is little

quantitative information on therr distribution, abundance, or

movements.

Deming sites of wolves have been recorded frequently in eskers

near treeline and in several river valleys of the barrens (Figure 7).

Den sites have also been located on the calving and post-calving

grounds of the Bathurst caribou herd (R. Bromley, J. Kelsall and

R. McKillop, pers. comm.). It has been suggested that areas near

the coast of Coronation Gulf are infrequently used for dcming by

wolves (.Jacobson 1978; G. Calef ,and R. J1cKillop, pers. comm.).

The primary wintering areas of~~olves are within tree line (LUIS

maps) .

Interrelated movements of ~volves  and caribou have been docu-

mented for a large portion of northe~n Canada east of the study

area (Parker 1973). IVolves are regularly observed near herds of

the Flathurst  caribou throughout the year (J. Kelsall, pers. comrn.).

It has been hypothesized that non-breeding wolves are the primary

component of the wolf population that follows the caribou migrations

whereas most adults den in areas away from the caribou calving and

post-calving grounds (l~alters  et aZ. 1979). l{owever, t]le Presence

of dens :~nd family groups (~~ith adolescent wolves) on the calving

and post-calving grounds of the Bathurst caribou herd conflicts



32

—.. .
~ Malor W i n t e r  R a n g e k- Denning A r e a s

Figure 7. Principal I\Tinter Ranges and Denning Areas of Itolves in
the Study ”Area (as Shown on LUIS Naps).
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with this hypothesis. At present, the seasonal movements of the

various portions of wolf populations in the study area are not

well how-n. Radio-tagging studies of wolves to be initiated during

1979 by the Northwest Territories Fish

(D. Ileard, per-s.

ments of various

to the movements

comm.) should provide

age groups and family

of caribou herds.

Potential Impacts of Road Development

Little is known about the effects

operation on wolves. Road development

and Wildlife Service

information on the move-

groups of wolves relative

of road construction and

may affect wolves by altering

their distribution as a result of avoidance of a road, by loss

of denning habitat, by disturbance leading to the subsequent aban-

donment of den sites, by increased mortality because of increased

hunting and trapping pressure, and by changes in the distribution

and abundance of potential prey species of wolves.

Road development may destroy some den sites and the disturbance

associated with the construction and operation of a road may prevent

wolves from denning at other sites. If denning habitats are limited,

then the use of inferior denning habitats could result in decreased

breeding success.

Increased hunting and trapping of ~~olves resulting from im-

proved access could substantially reduce the wolf populations,

especially within the road corridor. Effects of road development

on the d“istribution, abundance and movements of prey species

(particularly caribou) may also affect the distribution, ~bundance

and movements of wolves that are dependent upon this prey species.

Decreases in the abundance of prey could potentially decrease the

numbers of wolves.
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Research Requirements

Data on the distribution and abundance of wolves and wolf dens

within the development corridor(s) are necessary to assess the po-

tential impacts of road development on wolf populations. 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 movements of
wolves in the corridor can be determined most
accurately by radio-tagging one or more members
of each pack that occurs within the corridor
(e. g. , Kolenos@  and Johnston 1967; Van Ballenberghe

et ai?. 1975) . The accuracy of population estimates
would depend on the correct detcrminatigm 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 impacts.

2. Population indices and distributional information
can be obtained through intensive systematic aerial
surveys of the road corridor; these surveys can be
multi-purpose in nature (i.e. to assess the distri-
bution and relative abundance of wolves, musko~en and
caribou). During winter, surveys should concentrate
on locating and following tracks of wolves rather
than solely on locating animals along transects
because the .detectability  of wolves during each
survey is low and variable (depending upon vege-
tation characteristics). Information obtained from

‘this technique may be improved when combined with
track counts from the 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 sunreys. Aerial
surveys for wolves are subject to major problems
in interpretation of the data @liner and Russell
1977) . Track counts in protected (wooded) habitats
can be used to improve the reliability of aerial
surveys conducted in those areas. A major dis-
advantage of the track-count method is that it is
not useful in open, wind-blown areas.



35

Information on the distribution and abundance of wolf dens is

best obtained by

1. interpretation of aerial photos and preliminary
mapping of suitable wolf deming habitat along
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 derming habitats.

Effects of development on the interactions of caribou and wolves

are difficult to predict or to monitor. Changes in caribou move-

ment patterns may change rates of wolf predation on caribou, but

such changes cannot be measured reliably without a massive expen-

diture of time, manpower and money. However, knowledge of the

seasonal changes in the segment of the wolf population that preys

on caribou will permit a more accurate assessment of the effects of

altered distribution and abLmdance of wolves and/or caribou on the

population dynamics of these two species. Present radio-collaring

studies of wolves by the Northwest Territories Fish and Wildlife

Service (D. IIeard, pers. comm.) are considered to be adequate as

an

of

of

initj.al ph,ase of study. ,?dditional  info~mation  on predation

caribou by denning adults

the Bathurst caribou herd

in the calving and post-calving grounds

would also be useful.
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Grizzly Bears

Knowledge of Grizzly Bears in the Study Area

Grizzly bears occur throughout the study area (Banfield 1959;

Kelsall et aZ. 1972; S. Miller, 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 obsemations  summarized by Barichello and Lliller

(1978) include several sightings of grizzly bears in the forest-

t-undra ecotone at the limits of treeli.ne. Kelsall  et aZ. (1972)

also observed sibqs of grizzly bears at treeline in the vicinity of

Artillery Lake. Bears have been reported from Snare Lake ~liller

1978) and well j.nto the forested regions near Great Slave Lake

(J. Kelsall, pers. comm. ) .

No quantitative information exists on the numbers of grizzly

bears east of Great Bear Lake (Barichello  and Miller 1978).

llarrington et a2. (1!362) 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 (13arichello and fi!iller 1978; D. Ileard and G. Calef,

pers. L’cmm . ) and in several of the rajor ri~-er valleys in tl;e tuildra

:ml treeline areas (Figlre 8). Bloody Falls on the Coppermiile  ~~wr

is reported to be a well-used fishing site by grizzly bears

(Ilacl%erson  1965). Concentrations of grizzly bear dens bwe been

reported to occur in eskcrs in the l?~~nlside River ~-alley (G. T’;arner,

pers. Comm.) . Numerous eskers occur throughout the study a~ea and

undoubtedly provide deming habitat for bears, but these fe~tures

have not been extensively cxaiiined  for dens. %nfield (195’3)

suggested t]lat grizzly bears are becoming more common in the barren-

l.ands because this species is spreading east~:ard  from a glacial

refugium. llo{ever, l+arrington et a2. (1962) and J. Kelsall (pers.

corrun.) ccnsider that the increase is more likely the result of a

natural population fluctuation rather than a range e>q>ansion.
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Figure 8’. Areas l’,’here Cri zzly Rears are Rcpol-ted to be .4b~mJmlt
(as ShoI,.m on LUIS ?laps) .
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The seasonal habitat requirements and movement patterns of

grizzly bears have not been documented in the study area.

Investigations have been conducted further west, near Tuktoyaktuk,

in conjunction with a proposed road development from Inuvik

(Pearson and Nagy 1975). Because of the very different habitats

between the areas studiedby Pearson andNagy (1975) and our study

area, it is not possible to extrapolate the results from one area

to the other without some basic information on grizzly bears in the

study area.

Potential Impacts of Road Development

Little is known of the effects of road construction and opera-

tion on grizzly bears. Road development may affect grizzly bears

by destruction of den sites, by exclusion of bears from denning

habitats, by displacement of bears from critical feeding areas, by

direct mortality resulting from increased bear-man interactions and

by increased hunting pressure resulting from increased access pro-

vided by a road.

In areas where denning habitats are limited, destruction of

optimal ilenning areas by road development, or exclusion of grizzly

bears from such areas, could result in reduced survival of adults

and/or young. Similarly, destruction of critical feeding areas, or

exclusion of bears from these areas, could affect the condition of

bears entering dens, and thus could increase mortality of adults

and/or lbwer production of young (Re~molds  1378).

of

et

or

Increased bear-man interactions could result from attraction

bears to garbage and hand-outs at construction camps (Craighead

az. 1969; l,~arsh 1~72). Such interactions ccm result in injury

mortality to man, bears, or both.

Increased access to wilderness areas by hunters and poachers

could cause increased bear mortality. Road kills and the remains

from hunter kills in the vicinity of the road might furtlier attract

bears to a road corridor and increase their vulnerability to hunting

and interactions with man.
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Research Requirements

Data on the distribution and abundance of grizzly bears and

their dens within the road corridor are necessary to assess the

impact of road development on grizzly bear populations and to

recommend specific routes through the corridor that will minimize

the impact of a road. Lletho& of obtaining these data are similar

to the methods described for wolves.

1. Detailed data on population distribution, abundance
and seasonal movements can be obtained through
radio-tagging 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 impacts.

2. Distribution, seasonal habitat use ‘and abundance
indices can also be obtained through intensive and
systematic aerial surveys of the road corridor.
Unfortunately, because grizzly bears tend to be
associated with dense shrub cover, bears often are
not visible from the air, even in comparatively 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 from the air. Ground surveys
alone are not adequate to assess the abundance ,and
distribution of grizzly bears throughout a corridor;
however , ground surveys are very useful in locating
seasonal feeding areas of grizzly bears.

3. Grizzly bear denning sites should be identified
using the same methods described for wolf denning

. studies except that both spring and fall surveys
can be &ployed for grizzly bears. The timing of
surveys during both seasons is critical; fall
surveys are most difficult to conduct successfully
because denning occurs over a shorter period than
emergence and often occurs during inclement weather.
If fall surveys can be conducted at an optimal time,
they provide many data in a short period.

. ,”.
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Muskoxen

Knowledge of Muskoxen in the Study ’Area

The distribution and abundance of muskoxen on the mainland

north of Great Slave Lake have been well sunrnarized  by Kingsley

(1979) . F!uskoxen are generally distributed northeast of a line

running from Coppermine 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 Great Bear Lake (Kelsall

et aZ. 1971; D. Boxer, pers. comm.). Clarke (1940) reported that

muskoxen were hunted

areas at least until

during 1936. Clarke

(40 animals) , Wskox

in the C1inton-Colden  Lake and Aylmer Lake

1900 and that muskoxen were still present there

(1940) also reported muskoxen at Tourgis Lake

Lake (occasional individuals), JlacKay Lake

(7 animals) and Providence Lake (20 animals). During the 1930’s,

natives reported muskoxen to be numerous between Contwoyto Lake and

the Burnside River with herds numbering up to 80 animals. lluskoxen

were also present along the Dease River at the northwestern edge

of the study area (Clarke 1940).

Clarke (1940) estimated that there were approximately 1200

muskoxen on the mainlmd of Canada. Only 300 of these were thought

to be present in the ‘Thelon came Sanctuary and fewer still ~iere lo-

cated west of the Thelon River (i.e. in the study area). Recent

estimates of the number of muskoxen west of F3athurst Inlet range

from 108 ~lonaghan 1970) to 450 (Tener 1958). A total of 98

muskoxen were seen during caribou surveys in 1967 in the

Bathurst Inlet areaby Thomas (1967). During a survey of the

Bathurst Inlet area in late February 1979, !1. 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 more muskoxen ~:ere

present in this region than his survey indicated. During Au=wst

1978, a single herd of 48 muskoxen was seen near the heaihiaters of
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the Hiukitak River and about 15 more muskoxen were observed along

the lower reaches of this river (R. Bromley, pers. comm. ). These

areas and the portion of the study area bordering the TheIon Game

Sanctuary from Tourgis Lake to Artillery Lake have been identified

as key areas for muskoxen (Figure 9). Larger numbers of muskoxen

are present outside the study area in the TheIon Game Sanctuary

(Clarke 1!340; J. Kelsall, pers, COITUTI.),  east of the Ellice River

(D. Boxer 1974; G. Calef, pers. comm.) and in the Rae River area

(D. Boxer, pers. corrun.).  Within the study area, the only calving

area identified on the LUIS maps is located on the south shore of

}Ielville Sound (Fi@re 9).

Ntiskoxen  generally move to low elevations during sumner

(Clarke 1940; llilkinson et aZ. 1976; and others), but little is

IaIown about the specific movements of muskoxen in our study area.

Jacobson (1978) stated that mmkoxen may make seasonal movements

of up to 100 miles. Summer and winter ranges of muskoxen in the

Bathurst Inlet area have been delimited (Renewable Resources

Consulting Services Limited 1972) but the fidelity of muskoxen

to these areas is not known.

Potential Tmpacts of Road L?cvelo}ment

The responses of muskoxcn to road construction ad operation

are not well known. Recent studies of the effects of seismic op-

erations on muskoxen (Riewe 1973; F.F. S1.aney and Co. 1975; Russell

1977) and observations of their sensitivity to disturbance by air-

craft (Riewe 1974; Renewable Resources Consulting Services Ltd.

1975; F.F. Slaney and Co. 1975) suggest that this species might be

particularly susceptible to impact by road construction and ile~elop-

ment activities.

Disturbance could exclude nuskoxen from habitats along the

road. If such habitats ~~ere limited, the inpact on the herd(s)

could be severe. Disturlnnce could also cause additional stress

in these animals. If they ~~ere already heavily stressed by
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_ Important A r e a s  F o r  M u s k o x e n m C a l v i n g  G r o u n d

Fi~wre 9. Known Calvjng Ground and .4reas l’,lere ]luskoxen  are Reported
to be ,4bund,ant (as Shown on LUIS Ilaps) .
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environmental conditions, additional stress could lead to

mortality of adults and/or decreased production of young.

ante on the calving grounds could lead to stampedes, which

result in death of or injury to calves. Although seasonal

ncreased

Disturb-

Can

migrations

by muskoxen may not be long, blockage of migration paths between

highland wintering areas and lowland summering areas could result

in serious impacts.

Access provided by roads could also lead to increased distur-

bance from human recreational activities , and to direct mortality

of muskoxen from hunting and poaching.

Research Requirements

The major information gaps can be addressed by conducting a

series of aerial surveys to determine 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 muskoxen; the road alibmnent 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 critical

feeding areas within the corridor.

Identification of critical muskoxen range is compl.icatcd 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

more. Studies over a period of several years are required to locate

the IIlajo+ity  of critical habitats for Jmlskoxcm in a road corridor.



Caribou

As specified in the terms of reference, emphasis has been placed

on information about the Bathurst Caribou herd. Although portions of

the Bluenose 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.

Knowledge of the Bathurst Caribou Herd in the Study Area

Considerably more information has been gathered on the Bathurst

caribou herd than on any other species in the study area. Blanchet

(1930, citedby Clarke 1940) conducted aerial surveys of the area

north of Great Slave Lake as early as the late 1920’s and Clarke

(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 Wildlife Service.

Caribou range throughout the study area. They migrate between

winter and si.tinier ranges and rebwlarly move through corridors be-

tween these ranges. Although range use and movement patterns of

caribou are very complex, a simplified approach to the distribution

and movements of caribou has been used here.

The winter distributions and calving grounds of the 13~\thurst

caribou herd for 17 years between 1936 and 1977 are presented in

Fibares 10 to 13. The Flathurst caribou herd normally ~(inters within

the limits of trees in the southern and western portions of the study

area, migrates 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 Great Bear Lake and

Conjurer Bay, between Indin and !Iattberry Lake, ~]nd north of GOl-dOil

Lake to the excellent patches of spruce-lichen forest that are found
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~ W i n t e r -  Ranqe ~V.q S u m m e r  R a n g e

Figure 10. Approximate Locations of Major Known Winter and Sumner
Ranges of” the Bathurst  Caribou Herd During 1936
(Clarke 1940).
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Figure 11. ~laj or I\Tinter Ranges, ~ligrat ion Routes and Calving Grounds
Used by the Ihthurst Caribou lJerd During 1967 (adapted
from Thomas 1969) .
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Ess & ., ,()  ,,,,.
inter Ranges Used 1 to 3 Years

m y“, 0, ,. y,,,s
i n t e r  R a n g e s Used  4or  More  Years

~- Maior  calving Ground

Fi~wre 12. }Iajor I\Tinter Ranges and Calving Grounds lJsed l)Y the
Bathurst Caribou l~erd from 1949 to 1960 (adapted from
Kelsall 1968).
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Figure 13. Approximate Locations of Known hrinter Range, Calving
Ground and N!igration Routes of the J3athurst Caribou
Ilerd (compiled from LUIS ;laps).
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there. Caribou regularly winter in the Iliddcn Lake area east of

Yellowknife (near the winter road) since at least 1973 (R. Bromley,

pers. Conun.  ). Of interest is the mention by Clarke (1940) of a

caribou herd that summered in the Contwoyto Lake area ($ossibly herds

of males that stopped short of the calving gl’ounds [Kelsall 1968])

and of another herd that wintered there. At present, few caribou

use the Contwoyto  Lake area except during migration. .!1s0 of interest

is the well documented shift in the calving grounds from an area

south of Bathurst Inlet (Kelsall 1968) to the presently used cal~ring

grounds east of the inlet (LUIS maps).

According to the LUIS maps , caribou migration may occur across

the entire central portion of the study area. The particular mi-

~l-ation route used during spring depends to a large extent on theb

late winter &larch) distribution of caribou. Caribou that winter

near Great Bear Lake can be expected to migrate across the ‘rakijuq

Lake area, along the major river valleys leading to Ilathurst  Inlet

(parallel to the coast), and finally across tile ice of Bathurst

Inlet to the calving grounds (Figure 13). Caribou that ~vinter north

of Great Slave Lake have been shorn to migrate to the Bathurst  Inlet

area in a more dispersed pattern across a larger portion of the

study area (FiSnme  13).

SuImner movelnents  of caribou are best described as nomadic.

.fftcr calving , caribou jilove to (areas ~~’here suitable fu~age exists

<and where some relief from insect harassment can be found. Large

post-calving herds form in suitable areas near the coast or on

high ground e.xposcd  to the wind. During :Iugust, caribou tend to

disperse over a wide area and are no longer found in dense aggre-

gations (Kelsall 1968).

The routes taken by caribou during fall ::li~~ation  are nearly

as unpredictable as during the spring migration with the exception

of movements near Contwoyto  Lake. Typically, a large number of

caribou move southwest to Contwoyto Lake, separate, and move around

either side of the lake (G. Calef, pers. cmm.).

crossing exists at Pellatt Lake (Calef and Boxer
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~lovements on winter rmge are more restricted than the summer

~{anderings of caribou, but the herd remains basically nomadic.

Shifts of caribou from one part of the range to anothbr  may occur

throughout the winter, but movements on the winter range are most

noticeable cluring February and llarch, ~iunediately before the ini-

tiation of spring migration (Kelsall 1968).

~listorically,  barren ground caribou populations have been sub-

ject to large numerical fluctuations (Kelsall 1968). The Bathurst

caribou 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 ond 145,000

caribou one year later--,an improbable increase wit]lout nassive

imnig,ration and undoubtedly the result of error), the herd has

apparently undergone  a major population fluctuat;-on  SiIICe the
inception of systematic surveys (Table 2). Presently, the Bathurst

herd, which numbers about 150,000 animals, is the largest caribou

herd ;n the Northwest Territories (Calef 1977, Calef and Boxer 1977).

The calving herd now numbers between approximately 60,000 and

100,000 breeding cows (Boxer 1974; Calef and Boxer 1977).

During the fall of 1977, calves ~tiere estimated to comprise

:d>out 23% of the nerd (D. lleard, pers. ccmm.) Idlich is considerably

higher than l]reviollsly  reported Call calf percentages of other North

,Imerican caribou her& (see Calef :~nd Eoxer 1977). Calf percentages

during the fall of 1978 were lower (17.5%; D. Ileard, pers. comm.),

but ~{ere still comparable to or higher than most previously reported

ratios.

lluman harvest of the Bathurst caribou herd is estimated to be

between 4% and 5% amually, of ~;hich 4000-6000 animals are taken by

native hunters (Calef and Boxer 1977). 1}’jntering csribou ~lorth of

Ycllowknife are heavily hunted as a result of access f~om the ~ijnter

road (R. B~omley, pers. comm.).” Little is kmown about the extent

of other mortality factors such as predation. In fact, the popu-

lation d>namics of the 13athurst caribou herd have not been studied.
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Table 2. Rtimates of Calving Herd and Total l]erd Sizes of the
Bathurst Caribou Herd, 1949-1977.

Estimate

Year Breeding Cows Total nerd Source

1949

1951

1960

1966

1967

1970

1971

1974

1977

65,000

73,000

100,000

Sl, ooo

101,000

62,000

219,000

143,000

95,000

94,000

145,000

163,000

159,000

174,000

152,000

Banfield 1954

Kelsall 1955

\~&~~~ 1960

Williams 1966

Thomas 1969

Boxer 1970

Boxer 1971

Boxer 1974

Calef and Boxer 1977



52

Potential Impacts of Road Development

Because caribou are migratory, an entire herd can be exposed

to a road that bisects the region between summer and winter r,anges.

The potential impacts of linear developments on caribou have re-

ceived considerable study since the inception of the Trans-Alaska

Pipeline and the associated haul road.

Reduction of the available range and increased hunting pressures

are the major potelltial effects of highway development on caribou

populations. The following is a summary of potential impacts of

road development on caribou.

1. Habitat loss caused by road construction activities,
by avoidance of the corridor by caribou, and by the

disruption of traditional migration routes of caribou
poses a serious threat. Although the amount of habitat
actually destroyed by road construction would be small,
indirect loss of blocks of prime habitat caused by
caribou avoiding the road corridor and by the road
acting as a barrier to caribou migrations could be
critical. The potential for caribou to be excluded
from a portion of their normal range by the road is
largely Unbown. lJowever,  failure of caribou to cross
the Trans-Alaska Pipeline haul road (Cameron and Ithitten
1978) and of reindeer to cross a railroad in Norway
(Klein 1971) l~ave been documented.

2. Increased disturbance and particularly ;ncreased hunting
pressure associated with improved access could have ser-
ious impacts on caribou populations. These aspects have
not been studied, but have been identified as a major
concern (h’alters et aZ. 1979). In view of the fact
that the sizes of nest caribou populations, il~clllding
the Bathurst herd (Calef and Boxer 1978), appear to be
stable or declining, increased mortality from hunting
may have severe consequences.

3. !?ortality from collisions with vehicles would probably
be low in open tundra areas but could be substantial
in wooded areas, especially during I{inter when the
snow-plowed road may attract animals because of the
ease of travel along the road. Sno~(b.anks  along the
road may make escape from the road difficult.
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4. It has been speculated that non-breeding wolves follow
caribou onto their sunmer range whereas most adults
normally den away from the caribou calving and post-
calving grounds. If this is true, then developments
that affect the distribution and seasonal movements of
caribou would also have a pronounced affect on the
distribution and movements of wolves. These changes
could 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 wolves).

5. Caribou that are forced to cross a road or to find
suitable range near the road may suffer increased levels
of stress f~om frequent disturbance (Geist 1975; Villmo
1975) . The effects of such stress are unknown. It is
also unknown whether 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 impact of a specific

road development on caribou and to recommend road alibmnent.

Because of the large annual variability in caribou distribution

tand movements, studies must be conducted over several years and

[rest consider the distribution :lnd mo’(cm.ents  of the entire l~erd.

Such broad-scale studies ~,ould encompass Much of the study area.

!Iovtillents of migrating caribou across the road corridor must

be documented over a period of several years. The general migra-

tion routes of t]le 13athurst ]~erd are ‘~lo~,-n , hut speci[ic data on

the proposed corridor are necessary. Data from within the corridor

should be compared to overall distribution and densities and to the

pattelm of movement documented during previous years. +!erial sur-

veys along the corridor ~:ould be necessary to ~sess the migration

through the area during a short period of time.
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Because of the potential of road developioent to .incrcase

mortality rates of caribou, it is critical to llnderstand the popu-

lation dynamics of the herd. Studies to determine the cmcle a,nnual

natality rate and the survival rate (jncluding mortality attributed

to predators, IIunting and other caLlscs) should be conducted.

Studies shol]ld be initiated to determine the nwnber of caribou that

are killed by predators, by hunting and the total

The ratio of caribou killed by hunters versus the

be derived to accurately reflect inortality  caused

design mcwlagement plans :lccordingly.

Aerial surveys of the calving grounds of the

annual mortality.

number used should

by hunting and to

Bathurst caribou

herd presently being conducted by tl]e Northwest ‘rerri.tories  Fish

~nd Wildlife Service should he continued. Fall segregation counts

s]lould :IISO be continued md exn,anded  (sufficiently large s:fi~ple si zes.

in more areas).

The most critical mscarch need in order to assess impacts of

caribou is a Iong-telrn study of I-he response of caribou to distur-

l:ance. In onler to mitigate the iy~acts ~jlld illiprove on the en\’iron-

nental aspects of road tlesign in the north, it is necessary to blow

how the distribution :~nd abundance of t.-aribou  are affected by

c.~isting reeds (i.e. ~,,as the popul; {tion affected thmlugh stress,

10ss of llahitat, Cl);  lil!J(2  in II;ltllual pl”f’tl:ltion  L;nc1/Or llfll-l~cst  r~tes) .

(lftcn, these p<lrar.ctcrs  can only he mcfisllred in indi rcct h:lys

(e.g. changes in migration patterms,  composition counts).
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SUIDIARY OF ,IITA11.4BLE D,kTA.— .

BIRDS

Previcus studies of birds in the study area have usually been

both short-term and Ii.mited in scope. F’ortions  of the study area

have not even received cursory Sumrcys for birds and as a result,

the distribution, movements and abundance of birds in the study

,area are poorly Lnown.

Information concerning the prescllce  :~nd activities of birds

has been recorded by explorers (e.g. Richardson and S\{ainson

1S31; Scton 1!208; l’~llecler  1912) , by biologists involved prirn,arily

in other fields of research (Clarke 1!240; Ellis 1956; Tcner 1956;

:lc.E~ran  1957; Selsall 1!366, 1970), during opportunistic visits to

specific ,are.as (e.g. Rising and Schucler 1975), md during com-

pilation of faunal inventories of specific areas (Kelsall et aZ.

1972) . \lost of t]le recent information is contained in field notes

of p~ofessi.onal and non-p?-ofcssional obscll’ers.

Intensive surveys for peregrine falcons have been conducted

only in the Rathurst Inlet area. Sest sites of Solden eagles

and gyrfalcons ~fere 21s0 recorded dllring these >LiIT-C~S. .’! rclati.vely

,Iccur:lte  Cstim:lte of l-he  ;lljlillCl:lilL-e Of ~;crc:rine fnlcons, ~ol~lcm

(’.aglcs ::jlcl gyrfalcons exists for the t-oastal  area of ?hthurst

Inlet. Raptorial birds h:~ve not been intensively sum~eyed else-

I,:]lci-e ill t]le study :~re.a ~~i th the exception of m intensive sllv~ey

of ll~ld”~~i~le  ilcst sites on the cast ~lr:n of crc;~t Sla\~e Joke L[lring

1978.

There have been no surveys for I;hooping  cranes or Eskimlo

curlews in the study area, but l-he existing in folw,~tion  strongly

sug~ests t]~at the probability of these spcc.ies occuring near a

road would be low.

l~’<aterfo~~~l stl]dies ha~-e k,cen conducted in tl(o ~cne”ral ~cgio]ls

of tl~e study area. ~.recding bil-d transects nnd m intcnsi~e study

of ducks we~-e conducted in the south~rcstem portion of the study
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area, near the highway to Yel lowknife. This area has been i(lcnti fied

,as al]ove average habitat for wat erf owl. ,Several staging a~cas for

waterfowl have been identified \tiithin the study area, but, with the

exception of a survey by Jacobson (1978), only s]mall portions of the

area have been i.ntcnsively  surveyed for staging waterfowl (i.e.

Queen Jlaud Gulf Bird Sanctuary, Mthurst Inlet ond portions of

the Glacial Lake NlcConnell  region).

cons”

area than

dcrnbly more infomnation ex- sts for mammals in the study

for birds. Xevcrtheless, only caribou :Ind lm~skoxen have

Iwen intcllsi\cly surveyed. Nmerous c:xual obserl’ations  of I\oll’es

and grizzly Iwars, ]ong-term studies of caribou nnd sliortc~”-tcnn

suweys of muskoxen provide a general Lncm’ledge  of the distribution,

abundance and movements of these species of mammals in the study

area. Still, many ;neas have not been sun’eyed :]nd specific infor-

mation necessary for impact studies of road development is lacking.

There have been no qumtitative  studies of T;OIVCS or grizzly

bears in the study area. }?ost recent inforjoation on l~olvcs, bears

and ~-l]eir (Icns is from C:SU:I1 (ol)serr:]tions. ‘Ilcse ol>sclvati<~ns  Sive

on illdi~;:lti  cn of sc}l)w l.cy :! I ci?s for I,;ol’i-cs  ;;ild gr i z;; ly I>ear. s, :>llt

our k-IIORICLIgC  of thcsc ::yjccies  in ~liC s~udy ,Ttl-c~  j s St ill

n]diment .ary.

Cari hou and : ilskoxcm IY1.w rccc i~ed ;wre s t~dy in the s tl.idj’ :{7- ~a-

than wolves rwl grizzly lwars. ,Survey5  of :;r.:skoxen i n a 7 a r~e t; rca

centred around J3athurst Inlet have recently been conducted ond much

of the study area Tt’as surveyed for both MLlskoxen  and caribou in

order to ccmpi.lo tile J,IIIS :wps. t’le recent distrilxltionllo~,e~er,  _.

wxi abmdwxe of l:wshoxcn :~v.~}r from the coast is poorly l.!:ol~m.

‘Ile  ]ii~st i]itcnsive ;Ind loilg~st-tc]]~ ~esearch in the study

area has been conducted on tl]e Jhthurst caribou herd. These

stt][]i(~s l,(~rc jnitiat~~~  (]i~~i;j~ IQ \Q Q]ld 11L:17C  [-g,qtjll~]~(~  jn~c~,:lit-

tcntly to the l~rcscnt. Recently, suln~eys of the calving g~ounds



57

and fall composition counts of segments of the caribou herd have

been conducted on almost an aIInUal basiS. The abundance, distri-

bution and movements of the Bathurst caribou herd have been ~;ell

[Iocumcnted within the study area; however, because of the annual

variability in these parameters, dependence on past data is not

adequate for studies of specific corriilors.



RESF.IRCH P1.llNJiING

RESEWICH INITIATION

This project i.s unusual in that ample lead-time exists before

development so that a properly desiyed research program can be

implemented. In this section, we discuss a number of guidelines

that we believe should be considered during research planning.

The specifics of development of a road in the study area have

not been defined. It is our experience that without clear definition

of the probable development activities, (I:+ta  collected by researchers

in specialized fields may not be applicable to the problem of impact

assessment and mitigation. Tn orcler to define [Development activities

md 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 government managers, highway engineers and

a ~ride selection of biologists. Such a meeting should result jn:

1.

‘-)
L.

a clearer understanding of the l-roblcJns  that need to
be addressed, and

modification of research ~~lans to meet ‘interdis-.
ciplin:lry’ [I<lta ~cquircncmts.

P.ased lq)on tile revised research pl~rn from the ~:orkshop  a

limited field study should he conducted during the fil-st )-ear.

?l,wly of the necessary data can be collected during the first >-ear

of I;mi ted field research. ~lore importantly, :ld[litif-]nal iilS;~htS

;:nd questions will :-l rise from the first j-ear’s ~tork. ‘Ilwre fore

it is most efficient to carry out the major field effort during a

second }-ear ~~hen data requirements ;~ld methods are better de f.illed

::i~d the relevant data can be oht.oincd I:lore cffiricl~tly.



PROJECT IliTEGR’lTION AND lIIPACT .\SSESS!ll’3iT

As discussed above, we believe i.t is important to avoid a

characteristic of almost all major impact studies--the tendency

to expend all the effort and funds during the first year of re-

search. ‘Ilis leaves little opportunity for recovery from errors

in research design and allows little chance to study .il~port,ant

factors i(lentified during the first field season. We also be-

lieve that conventional impact assessments have unnecessarily

suffered from the almost complete separation of the various

disciplines. ‘This jnilependence is a result of the historical

development of ecological research. ‘The lack of integration of

the clisciplines is a prob].em not only bet~~een the biological and

physical scientists, lxlt also between biological disciplines

(e.g. botany and zoology)  .md even within a fairly narrow field

(e. g. vertebrate ecology).

The isolation of disciplines is especially significant with

l-espect to impact-related research, because many of the most im-

portant impacts are on processes that link trophic levels or on

interspecific proc.csses that operate at tl~e population lel’el

(e.g. predator-pi-ey  relati osbips) . Tmditional ‘baseline’ iClp:lCt

~ssessment rcsc:~l-ch  is often in:lflcqlltate ;ls a I>osjs for recognition

of these i:~~)acts  or c-~alllal-ion of their si~nificance. In ol-der

to evaluate these impacts, ~lot]l the research  design and the ~l~]~act

assessment process should be carried out on an intercliscipl~naly

basis.

Ilaimtcmance of an interdisciplinary (rather t-h.an multidiscip-

linary) research find jmpact assessment program is extremly difficult.

There is a constmt tendcnc.y for scientists to fall ;~ack  cm tradi-

tional (;:ita collection methods l-hat do not provi(de ~clcl’ant  ~nfor-

natioil for impact assessment. In order to counteract this Tundcncy,

~~e would make the follo~~ing reccmendati.ens:
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1. Ille research should be preceded by a pl,anning
workshop ,and should include a relatively small
field effort during the first season.

7
z-. Research should be tightly managed; it should

not be unduly sub-divided among a large number
or agencies and organizations. This approach
also leads to savings in field costs because
many phases of the field studies can often be
conducted by a single field crew.

3. ‘Ile research programs should be regularly re-
viewed in conjunction with reviews of proposed
development plans in order to ensure that
research design ‘and analyses are relevant to
impact prediction and assessment.
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SPECIFIC CONSIDERATIONS FOR SURVEY DESIGN

This section describes some of the survey variables that must

be considered before initiation of studies and some of the data

collection requirements

methodology.

1. Identification
transportation

that must be incorporated into the survey

of Corridors. Presently, 13 different
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 rail
line. It is not feasible to study the entire study
area or even to study all six transportation corridors.
Selection of corridors that are most likely to be
considered for development is an essential first
step in the impact assessment process.

2. Corridor Width. The corridor must be sufficiently ~(ide
so that most impacts of road development and operation
fall within the corridor. Any spur developments
(e.g. borrow sites) should also be j.ncorporated  within
the corri(~or. 13ecwse of the ~’ariable  range of potential
impacts, it is not possible to designate a uniform cm-rider
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
regions.

3. Coverage of .Ierial Surveys. 17~ring the first >-car of
studies, coverage sl)ould he cxtensi~-e  md dcsj~ned to
obtain an overall perspective on wildlife use of the
entire corridor rather than to obtain detailed infor-
mation through intensive coverage. Coverage dl~ring
the first year should smple all of the ~’arious habi-
“tats along the corridor. .During the sccGnd )-ear, in-
tensive sun’eys (e.g. 25+% coverage) of habitats
identified as key areas can be undertaken with less
jntensive coverage (e.g. 15-20%) of less well Ilsed areas.

4. Coverage of Gyound Sur~-eys. Coverage of glound sun-eys
should be limited and should concentrate on pot~ntial
key areas identified from aerial surveys.
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5. Aerial Survey Design and Timing.

a. ,Manmal Surveys. With 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.
Grizzly bear surveys can be conducted from late
spring to early fall; valuable seasonal distribu-
tion, abundance and habitat use information on
other species can be gained during these survey
periods as well. The corridor should be stratified
and systematic linear surveys should be conducted
within each stratum.

b. Denning Surveys. Aerial denning surveys for wolves
are best conducted during the period previous to
whelping (about late April) when females are exca-
vating den sites. ,fdditional  information can also
be gained from surveys conducted after the pups
emerge from the den and are-visible at the den
entrance. Surveys for grizzly bear dens are most
effective during the peak emergence period (usually
during early May) or during the fall denning period
(mid to late October). Denning surveys should (1)
non-systematically search the entire corridor for
likely denning areas and (2) systematically investigate
these areas thoroughly for den sites. These surveys
should be conducted by helicopter so that investigators
are able to freely vary the survey height and speed as
warranted by conditions and to land at den sites (~dlere
no or limited disturbance would result) to mre accurately
detelmine den site characteristics.

c. Nesting Raptors. Non-systematic surveys using fixed-
wing aircraft can be effectively employed to establish
indices of abundance of tree-nesting bald eagles (and
ospreys); however, nests are invariably overlooked during
such surveys (Grier 1977). For a complete count of
tree-nesting bald eagles either a single i-ntcnsive
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
falcon because of its status (endangered or threatened)
and because its nests are more 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 :dult(s)
from the cyrie. To assure that an adult is present at the
eyrie (Cade 1960; IIarris (and Clement 1975), and that the
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disturbance created by the survey does not lead to
desertion (Fyfe and Olendorff 1976), the optimal
survey period would be during the two weeks following
hatching of eggs (early to mid-July). The nesting
schedule of the golden eagle is similar to, although
somewhat earlier than, that of the peregrine falcon.
Gyrfalcon nesting schedules are considerably earlier
(Platt 1976) and young would be well developed at the
time of the surveys.

d. Nesting Waterfowl. Surveys should be conducted from
fixed-wing aircraft and should employ standard strip
transect methods developed by the U.S. Fish and
Wildlife Service (Anonymous 1968). Should potentially
important nesting areas be identified by these sur-
veys, more detailed information may be gathered during
subsequent years. Aerial surveys along the corridor
should be coordinated with the U.S. Fish and Wildlife
Service surveys so that, for surveys conducted in
similar habitats, comparisons may be made.

e. Waterfowl Concentrations. Non-systematic surveys of
selected wetland habitats should be flown during
spring and fall to locate major moulting or
staging sites within the corridor. Although the
timing of seasonal events varies from year to year,
during most years surveys for spring staging water-
fowl can be conducted from late April to late June.
Fall staging surveys should be conducted between
mid-August and ntid-October. The periods of moulting
vary from one specjes to another. A non-systematic
survey conducted once during July <and once during
August I:ould be adequate to identify any moulting
or brood rearing areas within the corridor.

6. Ground Survey Desibw and Timing. The timing ‘and dcsia~
of ground surveys for gi-izzly bears, muskoxen and caribou
s]lould be detcl-mined  from infol-n~tjon  needs identified
from aerial surveys. I\Tinter track counts should be con-
ducted at least three times during the winter along
linear transects located through a variety of habitats.
Ground observers should search selected cliff areas for
cliff-nesting raptors to ground truth res~]lts of the
aerial survey. Ground searches should be conducted during
the same period of time as the aerial survey.
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APPENDIX I

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

species - any species, subspecies, or geographically separate population.

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 numbers 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 immediate
extinction through all or a significant portion
of its range owing to the action of man.

extirpated - any species of flora or fauna no longer existing in the
wild in Canada but existing elsewhere.

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