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ABSTRACT

Road devel opnent potentially can cause significant direct and
indirect impacts on wildlife and wildlife habitat. To avoid or
mnimze detrinmental effects associated with road development,
wildlife resource concerns nust be incorporated during the initia
pl anning stages of devel opment. Three classes of inpact reduction
neasures exist. Spatial nmeasures seek to avoid areas of environ-
nmental inportance, while timng nmeasures eliminate disturbance
during critical periods of the life-cycle. Operational neasures
embrace codes of good practice that serve to reduce the overal
effects during each devel opnent phase. Ignoring or failing to
undert ake conprehensive environnmental prograns can result in
expensi ve del ays and design changes.
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| NTRODUCTI ON

The history of road building in the Northwest Territories is
short. Considering the vast area of the N.w.T., the area
accessible by road is very |inmted and is restricted to the
Mackenzie District.

The first road in the N.W.T., now known as the Mackenzie
H ghway, was built from Grimshaw, Al berta, to Hay River, N.W.T.,
in 1938-39 for military purposes. During the 1950's the “Roads to
Resources” policy resulted in substantial extensions of the
Mackenzi e Hi ghway. In 1972 construction was initiated to extend
t he Mackenzie Hi ghway north to Tuktoyakt uk. However, this work
was halted in 1977 due to changing devel opnental priorities in the
Mackenzie Valley.

Al -weather roads in the N.w.T. include the Mickenzie H ghway
(#1), Hay River Hi ghway (#2), Yellowknife Highway (#3), Ingraham
Trail (#4), Fort Smth H ghway (#S) , Pine Point H ghway (#6), and
the Liard H ghway (conpletion expected 1982) (Fig. 1). The
Dempster H ghway which originates in Dawson City, Yukon, and runs
t o Inuvik, N.W.T., was opened in 1980. Wnter access roads are
frequently constructed to support exploration and mining
activities. The CGordon Lake winter road, for exanple, has been
used extensively since 1975. The Rae Lakes winter road and t he
Di scovery winter road have provided access to Echo Bay Mne and
Di scovery Mne, respectively.

The construction, operation and nmaintenance of those roads
spans several decades, but only since the 1970's have

envi ronmental reviews of major highway devel opments been required.
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Figure 1. Road access in the Northwest Territories, wnter 1980-81.




The Federal Cabinet directive instituting the Environnental
Assessnent and Revi ew Panel (E.A.R.P) Was issued in 1973.
Consequently, the mmjor highway projects conpleted or near
conpletion in the Northwest Territories, with the exception of the
environnmental assessnent for the Mackenzie H ghway, were never
subjected to a thorough and systematic E.A.R.P. review. St udi es
of some envirommental problens resulting fromthese roads have
been conducted in an effort to identify mtigation nmeasures to
rectify the problems, or to facilitate inproved future planning of
roads.

Alnmost all studies on the effects of roads on wildlife suffer
froma lack of pre-devel opment information on popul ation abundance
and distribution. Conparisons with information during and after
construction are therefore inpossible. Documentation, especially
quantitative, of long-term effects fromlinear facilities on
wildlife in northern Canada is virtually non-existent.

This paper is based on a literature review and on the
experience of the Northwest Territories Wldlife Service (NWT-wS)
with road devel opnent projects in the N.W.T. It is intended to
provi de:

1. a brief review of the literature on road-rel ated

wildlife problens and concerns;

2. a discussion of inpact reduction strategies, an

I ndi cation of how they fit into the engineering design

process, and a review of some case histories; and

3. recommendations for an approach to solving the problems
i dentified above.



| MPACT OF ROAD DEVELOPMENT

Habi t at Loss

Freddy and Erickson (1975), and Bloomfield (1979) found that
mountain caribou (Ranaifer tarandus caribou) populations in
British Columbia consisted of snall bands of animals occupying
di scontinuous habitats. Each band was therefore vulnerable to
I ncreased devel opnment. Damage to, or destruction of, limted
wintering habitat would have jeopardized the existence of any one
band of caribou.

Fyfe and Kenper (1975) reported that a prinmary concern with
pi pel i ne devel opnent (in nost cases acconpani ed by road
construction) is the loss of traditional raptor nest sites and
avai | abl e nesting habitat through nodification of bluffs and rock
cliffs by rock-cuts. Macleod (1979) alluded to this probl em when
di scussing the potential inpacts from construction of the Denpster
H ghway through sections of the ogilvie and Ri chardson Muntains
in the Yukon and N.W.T.

Often the destruction of habitat is not limted to the area
encompassed by the right-of-way. Ancillary developments such as
quarries, canps, and staging areas can precipitate reductions in
wildlife habitat as well. For exanple, Donaldson and Fleck (1979)
commented on the inportance of gravel-rich alluvial flats along
the Liard R ver. These areas are excellent noose (Alces alces
andersoni) Wi ntering habitat in a region where noose popul ation
| evels are not naturally high. The destruction of these flats

through road construction-related quarrying activities could have



resulted in the loss of valuable long-term netitat.  Harding and
Naggy (1980) docunented cases where grizzly bear (Ursus arctos)
dens on Richards Island, N.W.T., were partially destroyed by
vehicular activity or totally destroyed by quarry operations.

In some cases, the effects of road develcpment on habitat may

not be judged to be significant. For exanple, only a snall
fraction of barren-ground cari bou (Reng i f er t ar andus
aroenlandicug) habitat that is many thousand square kilometres in
size is renoved fromproduction by a .70 mright-of-way. However,
not all species have large areas of suitable habitat available to
t hem Road development in habitats that are critical to a
species’ survival, or small in size, and biogeographically
i solated, could result in local and/or regional extirpation of
that popul ation. Not all of a species’ range is necessarily
conprised of critical habitat; same portions of a habitat may be
expendable. But every effort should be made to identify and avoid

critical habitats during road planning.

- Rel | D | C Wldlif

The effects of disturbance on wildlife are perhaps sane of
the least understood and the nost difficult to quantify of all the
I mpacts associated with road devel opment. Disturbance begins with
the initial intrusion into wildlife habitat by survey crews and
continues throughout the life of the development and beyond.
Potential effects of disturbance have been extensively reviewed by
Geist (1975), Klein (1971, 1980), Mackenzie (1976), Enviroment
Canada (1979), MIller and Gunn (1979), Shank (1979), Sopuck et al.



(1979) » andJdakinshuck(1gg0). anditseamsthatthis research has
identified nore questions than answers at the present tinme.

Avoi dance of habitat along the right-of-way by wldlife and
abandonnment resulting irom the synergistic effects of ancillary

developments is acemmronly identified effect of road construction

di st ur bance.

Roby (1978) and Cameron et al. (1979)indicate that during
the summer some cex/age classes (eg. , Cows with calves) of caribou
are more sensitive to the vehicular traffic on the Trans-Alaska
Pipeline road than to the road itself during post-calving periods.

I n the absence of numan di sturbance most ungulates do not
appear to showstrong evoidance to well designed roads that permt
easy Crossing (Sopuck et al. 197 S). Habi tat abandonment nay
result because of a vspecies' 1nability to tolerate or habituate to
adver se stimuli or <isturbance associated with the use cf the
road. Oon the other lLand, Skoog (1968) reported that hunting
pressure and veniculer traffic along the R chardson Bighway in
Al aska frustrated, but ¢id not deter, mgrating caribou (Rangifer
tarandus granti) from crossing the corridor. It therefore appears
that the Sex, age, timng and type of caribou activity affect the
response by caribou to roads and associated disturbance.

Increased tolerance of wildlife to roadside corridors is not
al ways desirable. Such habituation could i ncrease the number of
vehicl e/ animel colli sion g

Jackman (1973) and #inman (1974) stated that a major problem
resulting from transportation systems 1IN the north W ll be the

incr ease in all kinds of associated devel opnents.  Klein (1980)




docunented cases where reindeer (Rangifer tarandus tarandus) in

the US. SR were prevented fromusing former habitat because of
the construction of a road, a pipeline, and ancillary facilities.

Habi tuation by ungulates to a single right-of-way, given
suitable design, nay be possible but a cumulative effect of
uncoor di nated devel opnent could be a series of roads running at
various angles, conpounding the barrier effects and reducing
habitat to unuseable chunks. Research on this problemis
present|y underway in the Prudhoe Bay area, Al aska (K. Jingfors,
pers. comm.).

Cenerally, we have little quantitative evidence about how
roads affect Wildlife behaviour and whether the effects are
mani fested at the population as well as the individual level. The
majority of studies to date suffer froma lack of pre-development
Information on wildlife popul ation distribute on and abundance.
Little is known about the long-term inpacts of transportation
corridors cn novenments, and size and structure changes in
popul ati ons. Most inportantly, we lack the techniques that woul d
enabl e biologists to conduct such studies.

The NWT-WS, with the support of the Departnent of Indian
Affairs and Northern Development (DIAKD), isS now undertaking
desi gn research to devel op techni ques that will enabl e bi ol ogists
to study the effects of roads or other |inear developments on

caribou distribution (Jingfors and Gunn 1981)

Access and Hunting

I nproved hunter access is undoubtedly the nost serious and

the best docunented effect of new roads on wildlife. K ein (1979)



reported that an indirect effect of the Alaska oil pipeline
project will be that a large tract of w lderness north of the
Yukon River will be accessible by an all-weather road. Har di ng
and Naggy (197g8) stated thet @ ma | or problemon Richards Island,
N .W. T. , willbe that new all-weather roads w il 1 render gr iz zly
bears nore vulner able to hunters who 1 ive in Inuvik and
Tuktoyak tuk .  In nor them Al berta, 80% cf the hunter effort and
23% of the total wmoose harvest occurs within 1.6 km of access
roads (Lynch |g73)

S ignif icant decl ines of access i tle npose popul ations
surroundi ng communi ties in the southwestern N. W T. suggest that
access created by incr eased r cad cevelopment, If unregul ated,
could r csul t in mcr ¢ Widespread dec 1 ines of wildl if e popul ations.
Donal dson and Fieck (1. 97%) suggested that the greatest ef feet of
the Liard H ighway ©On oo £& POPU lations wOUl G be the resultant
i ncreased hunting pr ce sur e. Secendary access roads, eg. W nter
roads , inthe v.®w T. 1 so create serious problens.  The Cordon
Lake winter road, for exanple, which runs from the Ingr aham Trail
east of Yell owk nife t o Camle ren Mine on Gordon Lake, © as been used
by hunters to harvest bar ren-grocund car ibou from the Bathurst
herd. In early 1980, an estimated 2,000 ca r ibou ve r e |, arvested by
hunters who gained access t0 winter ing areas by this road.

I1legal hunt ing of wildlife by construction cr ews can
cent r ibute to the over a1 1 decline of pcpul ati onsi f permtted to
occur uncheck ed. In nor them Br itish Columbia, £Ior ex emple,
i1l egal hrarvesting of nountain goats ( Oreamnus__americanus) by

railwaycons truction Workerscausedpopulati endeclines(D



Hatler, pers. comm. ; cited by Donal dson and Fl eck 1979).
Bloomfield (1979) reported that illegal hunting by highway
construction crews contributed to the decline of mountain caribou

in central British Columbia.

Problem Widlife and Road Kills

Hinman (1974) reported that during the pre-construction stage
of the Trans-Alaska pipeline proj ect, human-wi | dl i fe
confrontations were a serious problem, The inproper disposal of
combusti bl e garbage and the deliberate feeding of wildlife in
construction canps can precipitance probl em wildlife situations.
Scavengi ng wcivesg, bears and foxes will readily habituate to human
presence in camps, which often results in situations where the
animal s nust ke killed.

It i s estimateé that fewer then 10 npose are killed on NI .W.T.
roads annual ly (Environment Canada 1979), but the greater volune
of traffic associated with increased development Will result in an
increased nunber of traffic mshaps. 1In the context of cunulative
effects, traffic deaths could potentially further reduce wildlife
popul ati ons. Donal dson and Fleck (1979) suggest that
nmoose-vehicle mshaps along the Liard Highway coul d become a

problem especially during the fall and winter nonths when the

days are short and visibility is reduced. Genier (1973)
determned that 14% of a npose _(Alces alces americanz) popul ation
frequenting habitat that was bisected by the Laurentices H ghway

in Quebec was killed annually by collisions with vehicles.
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IMPACT REDUCTI ON STRATEG ES

Environnental inpact reduction should be a goal during all
stages of the design, construction, operation and maintenance of a
road. The selection of an optimal mx of neasures to achieve
engi neering standards, econom c efficiency and environnental
protection is a conplex planning and design problemrequiring
interdisciplinary and interagency cooperation.

Several classes of inmpact reduction measures exist. Spatia
measures seek toc avoid areas of environmental significance such as
critical wildlife habitat or wunique |andscape features.
| dentification and avoi dance of critical habitat should be a ngjor
goal c¢f the corridor identification and sel ection process.
Avoi dance of areas such as wintering ranges, nesting areas, and
calving and post-calving grounds is the best solution to
m nimzing or elimineting impacts. Avoidance measures can also be
applied during the right-of-way selection to mnimze |ocal
| npacts.

Careful timing of road constucticn activities can reduce
impacts by elimnating disturbance related to surveying, clearing,
construction and operation during critical periods in the
life-cycle of wildlife populations. Such neasures will mininize
the short-terminpacts cf project construction.

Operational measures refer to those codes of good practice,
general rehabilitation, and to the controls on employees which, if
carefully adhered to, can reduce the overall effects of any

project at any tine.
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Impact Reduction and Proiect Planning

The environnental review process required for major projects
in the north has several goals. The identification and mitigation
of inmpacts is one. Mtigative measures should be applied during
the planning and design, construction, operation and abandonnment
phases of a project with the specific objective of avoiding or
reduci ng adverse environmental inpacts.

Despite best efforts, all inpacts cannot be mtigated;
certain residual inpacts or costs willalwaysresult from
development projects. Wthin the overall cost-benefit analysis
for a project, the wldlife manager nust sometimes accept certain
residual costs with full know edge that the overall benefits to
society resulting from inproved transportation sametimes outwei gh
effects on natural resources. The essential point in such
trade-offs is that the environmental review process nust make them
explicit and that careful study of environnental resources such as
wildlife and fisheries must precede any final decisions on
projects whichwill affect their management.

As we have mentioned, mitigation is an expensive process. It
is nmore so when mtigation efforts are applied late in the design
process wth the hope that they will alleviate the effects of
poorly planned developments.

Loucks et al. (1980) examined the effect of insufficient
envi ronmental input during design and early construction phases of
projects such as the Trans-Alaska Pipeline, the Garrison
Diversion, and the Geat Canadian G| Sands tailings ponds and

dykes. Estimated excessive costs resulting from poor
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environmental planning in these exanples were $800 nillion, $400
million and $45-90 m | | i on. No such analyses are possible for
northern hi ghways. Most were conpleted before the rise of
envi ronnent al awareness and concern in the md-1970's.
Neverthel ess, the consequences of ignoring the need for careful
study and analysis of environnental factors can be expensive
del ays and desi gn changes.

This message, of course, has not been |ost on the road
designers of today. Environnental codes of practice, guidelines,
terms and conditions abound. Sone problenms persist at the field
| evel where these guidelines are inplemented. The administration
of responsibility for enforcement, interpretation of intent,
authority to stop construction or to require design changes in the
field, become a troublesome consideration when the bull dozers are
novi ng. In this respect, the need for careful integration of
gover nment agencies, contractors and developers is a vital

component of the environmental planning process

Road Development: Sone Examples From Our Experience

In earlier discussion, we alluded to gaps in information and

a lack of techniques for studying long-term inpacts of road

devel opment on wildlife. Agai nst this background, we have

exam ned the mtigation process, set wthin the general context of
northern road devel opnent.

Codes of good practice and many operational neasures which

serve to mtigate negative environnental inpacts can be devel oped

and applied through professional experience and plain conmmon
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sense. However, many of the |ong-term questions about wildlife
and roads will require in-depth study.

The information required to facilitate sound corridor
pl anning and road design nust be identified early and used to
gui de design and planning efforts during the pre-construction
phases. Experience with roads in the north suggests that to
attenpt to resolve wildlife problens during the |ater stages of
devel opnent  often forces biologists to deal with the synptons
rather than the causes of inpacts.

Exanples of this kind have occurred in the Yukon and N.w.T.
Studi es are ongoi ng along the Denpster H ghway to quantify
behavioral and distributional changes resulting from corridor
devel opment . However, pre-construction studies were not
conprehensi ve enough to facilitate conparative anal yses.

Wnter roads e¢lso create probl ens for management agencies.
Even though such reads may be used year after year, 1little
detail ed review and study acconpanies their planning and
devel opnment. W nentioned earlier the access problens created by
the Gordon Lake winter road. Significant concerns also exist for
the Cadillac Mne road being constructed fromthe Liard River to
Prairie Creek, a distance of 160 km through several areas of Dan
sheep (Ovis dalli dalli), nountain caribou and noose habitat.
This road was approved under a land-use permt with virtually no
pre-construction environnental study.

The NwT-ws is attenpting to solve wldlife managenent
probl ems that are generated by increased access through winter

road construction. For exanple, our “WIldlife Odinance” enables
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the NWI-W5 to establish special wldlife management areas in order
to regulate access and opportunistic hunting. Despite the present
|l ack of highway construction in the NWT., road-related problens
will continue to crop up for secondary and w nter roads.

W have been involved with an exanple of careful preparation
for road devel opment as well. When several nmajor base netal
deposits, and a subsequent increase in exploration occurred in the
nort heastern Mackenzie District in the late 1970's, DIAND and the
GNWT-WS col | aborated to fund a pre-devel opnent survey of wildlife
resources (Searing and alliston 197%). This study was designed to
examne alternative routes and methods to transport base netals
from this region. In addition, the study described deficiencies
in the wildlife information base and suggested necessary research
requi rements. V& are, in this case, prepared to respond with sone
foreknow edge to the potential problens a road devel opnent

deci sion would present.
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RECOMVENDATI ONS

Qur brief reviewof literature on the road devel opnent

process and the effects on wildlife has identified two major

probl ens.

Road Pl anni ng

The road devel opnent process nust include environnmental
i nformation from the beginning. A lead tine of up to 2-3years
may be necessary to complete wildlife studies. A coordinated
interdisciplinary approach is required to identify information
gaps, establish information gathering priorities, and ensure
communi cation anong the project specialists.

We nust elimnate the concept of environmental assessnent as
a one-time predictor of inpacts. Environnental assessment should
be an ongoing and iterative process, eventually merging with
nmanagenent . This concept is a central conmponent of Holling's
(1980) call for adaptive environnmental assessment and managenent.

Environmental reviews have not been, for historical reasons,
a Part of road planning in the N.w.T. Serious discussion among
responsi bl e agencies nust occur and careful efforts should be
directed at ensuring that new roads are planned tc mnimze |osses

of renewabl e resources.

Status of Wldlife |nformation and Techni ques

The conprehensive reviews referred to earlier identify

several common problenms with respect to a wildlife manager’s
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ability to contribute to the enviromental assessment of roads.
Met hods are not conparabl e between many of the existing studies.
Gaps in the data base on wildlife species abundance, distribution,
and the location of critical wildlife habitat exist for many areas
st udi ed.

There is a need for selective studies to acconpany road
devel opnent from concept to operation, maintenance, and
abandonnent . We say selective because w h a t we needto learn or
to begin to study are the long-termeffects of roads on wildlife.
The root of this problemthen, is the lack of techniques that
enable wildlife biologists to develop statistically reliable,
quantitative neasures of behavioral and physiological reactions
tol i near di sturbance, and the effects of these factors on
w ldlife popul ations.

These problens can and nust be dealt with as soon as
possible. The GMWT-WS, in cooperation with the Canadian Wldlife
Service and Al askan biol ogists, has begun basic research designed
to devel op techniques to neasure behavioral inpacts. These
techniques will enable studies of the effects of disturbance due
to roads on wildlife populations. When combined with careful
envi ronment al assessment, mtigation and regul ati on of access, we
hope to enhance the conpatibility of northern road developments

wth wildlife resources.
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